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PKEFACE. 


During  the  last  few  years  the  condition  of  Physical  Science  in 
this  country  has  been  essentially  changed.  Concretely,  science  has 
received  more  ample  recognition  from  the  State,  and  from  the 
Public  at  large,  than  ever  before :  individually,  each  science  has 
progressed  rapidly ;  discoveries  have  multiplied  as  the  number  of 
science-students  has  augmented ;  and  the  results  of  research  have 
been  disseminated  by  means  of  more  complete  and  extensive  courses 
of  scientific  instruction  in  our  Universities  and  Schools.  In  fact, 
science  is  altogether  less  esoteric  than  it  used  to  be :  it  has  ceased 
to  be  the  study  of  the  chosen  few,  and  it  thus  happens  that  the 
language  which  it  adopts  is  being  received  more  and  more  into  the 
language  of  every-day  life.  We  must  remember,  however,  that  the 
facts  and  deductions  of  science  accumulate  very  quickly,  and  are 
often  of  a  complex  and  recondite  character,  particularly  in  the  form 
in  which  they  are  first  presented  to  the  world  by  those  who  discover 
or  elaborate  them;  hence  they  ever  require  to  be  simplified  and 
popularized  before  they  can  enter  into  the  general  literature  of  a 
community.  The  secrets  of  Nature  do  not  come  to  us  in  a  direct 
manner,  for  the  natural  philosopher  is  Naturce  minister  et  interpres, 
and  the  interpretation  of  Nature  is  science,  and  the  interpreters  of 
science  are  scientific  works.  To  be  such  is  the  object  of  the  fol- 
lowing pages,  and  with  this  in  our  view  we  have  given  as  complete 
an  account  as  the  space  permits,  of  the  more  strictly  experimental 
sciences,  divested  as  much  as  possible  of  abstruse  treatment  and 
difficult  formulae.  Recent  results  and  generalizations  have  been 
added,  and  each  science,  although  scattered  throughout  the  book, 
is  connected  and  complete  in  itself.  Ready  reference  has  been  facili- 
tated by  breaking  up  a  subject,  whenever  it  could  be  done  without 
detriment ;  and  frequent  cross-references  have  been  introduced,  both 
for  the  maintenance  of  continuity,  and  for  guiding  thfi  miud  to  col- 
lateral subjects. 
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The  abstract  sciences  of  Algebra,  Geometry,  etc.,  and  the  classi- 
ficatory  sciences  of  Botany,  Zoology,  etc.,  are  not  within  the  scope 
of  this  work,  which  is  confined  to — 

1.  Astronomy. 

2.  The  Sciences  usually  included  under  the  term  Physics,  viz., 
Statics,  Dynamics,  Mechanics,  Hydrostatics,  Hydrodynamics,  Pneu- 
matics, Sound,  Light,  Heat,  Electricity,  Magnetism,  Meteorology. 

3.  Chemistry. 

Astronomy  enters  the  domain  of  the  abstract  sciences ;  Chemistry 
that  of  the  classificatory  sciences ;  the  wide  gap  between  the  two  is 
filled  by  Physics  proper.  The  classificatory  sciences,  both  inorganic 
and  organic,  will  form  the  subject  of  other  works  in  this  series. 

During  the  passage  of  this  work  through  the  press  no  scientific 
discoveries  of  importance  have  been  made.  We  have,  however, 
thought  it  advisable  to  introduce  abstracts  of  several  of  the  papers 
which  were  read  at  the  Liverpool  meeting  of  the  British  Associa- 
tion for  the  Advancement  of  Science,  held  in  September  last; 
together  with  notices  of  articles  in  various  recent  numbers  of  sci- 
entific periodicals.  We  therefore  believe  that  the  following  pages 
contain  a  full  record  of  the  results  of  scientific  research  during  the 
major  part  of  the  year  1870.  In  addition  to  the  subject-matter 
given  with  the  List  of  Contributors,  may  be  mentioned  various 
articles  relating  to  molecular  physics  and  theoretical  chemistry,  by 
Mr.  Tomlinson  and  Mr.  Bottomley.  The  Editor  also  desires  to  ex- 
press his  acknowledgments  to  Mr.  W.  F.  Barrett,  Professor  Heaton, 
and  Mr.  G.  T.  Atkinson.  The  article  on  Musical  Intervals  is  the 
joint  work  of  Mr.  Wormell  and  Mr.  Murby.  The  Introductory 
Essay  relates  mainly  to  various  subjects  of  interest  connected  with 
the  earlier  history  of  the  sciences  of  which  this  work  treats;  their 
later  history  and  present  aspect  will  be  found  in  the  text  itself. 

G.  F.  RODWELL. 


HISTORY  OF  THE  PHYSICAL  SCIENCES. 


It  is  unnecessary  to  give  here  a  complete,  or  even  very  connected 
history  of  the  Physical  Sciences,  because  the  succeeding  pages  of  this  work 
contain  the  principal  historical  data  connected  with  the  various  sciences 
which  we  have  there  discussed.  Thus,  it  would  be  a  waste  of  space,  and 
of  the  reader's  time,  if  we  were  to  do  more  than  refer  to  the  astronomical 
system  of  Copernicus,  or  to  the  principle  of  Archimedes,  because,  under 
the  headings  Copernican  System,  and  Archimedes,  Principle  of,  the 
desired  information  will  be  found.  Although  the  facts  belonging  to  each 
science  are  of  necessity  scattered  throughout  the  work,  the  historical 
portion  of  the  subjects  will  be  usually  found  under  the  heading  of  the 
science,  as,  for  example,  under  Astronomy,  Seat,  Mechanics,  Electricity, 
Meteorology.  We  propose,  therefore,  to  consider  here  certain  points  of 
historical  interest  which  do  not  come  within  the  ecope  of  the  after-part 
of  the  work — such  as  the  Physical  Science  of  the  Ancients,  and  the 
causes  which  have  retarded  the  progress  of  science. 

Of  the  Physical  Science  of  the  Ancients. 

All  mental  action  is  resolvable  into  two  distinct  modes;  there  are 
possible  to  us  two  definite  forms  in  which  we  can  exercise  our  intellects. 
The  first  of  these  is  an  action  of  pure  subjective  reasoning,  an  action 
neither  external  to  the  mind,  nor  induced  nor  actuated  by  external  causes, 
but  essentially  intrinsic,  by  means  of  which  we  ascertain  the  nature  of  the 
lawa  of  thought,  classify  and  analyze  them,  and  assign  special  functions  to 
them.     The  second  is  an  objective  action,  an  action  induced  by  external 
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causes,  and  by  that  which  is  capable  of  direct  recognition  by  the  senses. 
We  are  prepared,  therefore,  to  find  that  philosophy  has  in  all  ages  been 
divided  into  two  distinct  parts;  the  one  having  reference  to  the  investi- 
gation of  the  laws  of  thought,  and  to  influences  unseen  and  incapable 
of  direct  recognition  by  the  senses ;  the  other  relating  to  the  investigation 
of  nature,  to  the  study  of  the  material  universe,  the  laws  which  govern 
it,  and  the  manner  of  operation.  The  former  kind  of  philosophy  is  some- 
times called  Metaphysics,  the  latter  Physics  (<j>v<h$,  nature). 

Socrates  was  the  first  to  introduce  mental  philosophy  into  Greek  philo- 
sophy. His  disciple  Plato  called  the  philosophy  of  mind  "  dialectics," 
and  distinguished  it  from  physics,  as  the  science  of  the  eternal  and  im- 
mutable, from  the  science  of  the  mutable.  Aristotle  called  the  Platonic 
dialectics  in  an  extended  form, "  the  first  philosophy,"  and  phj^sics,  u  the 
second  philosophy."  The  term  metaphysics  did  not  appear  in  philosophy 
until  long  after  the  time  of  Aristotle;  it  was  introduced  by  Andronicus 
of  Rhodes  (B.C.  58),  (one  of  his  many  commentators),  who  prefixed  the 
words,  to  fitta  rot  ^vaixd  to  fourteen  books  without  title,  which  he  found 
among  the  MSS.  of  Aristotle.  The  term  has  been  since  retained  in  spite 
of  its  want  of  applicability. 

Metaphysics  and  Physics  have  always  been  more  or  less  connected,  and 
at  an  early  period,  the  distinction  between  them  was  less  obvious  than  it 
has  since  been.  In  the  first  ages  of  philosophy,  the  two  were  closely 
blended  ;  in  a  later  age  they  were  entirely  dissevered  ;  later  again  there 
was  a  slight  union  of  the  two  at  certain  points  of  contact  which  had  not 
before  appeared.  There  was  undoubtedly  a  crude  form  of  physical  phi- 
losophy coeval  with  the  rise  of  mental  philosophy ;  but  the  former  can 
scarcely  be  said  to  have  existed  for  more  than  two  centuries.  Compared 
with  the  philosophy  of  mind,  the  philosophy  of  matter  is  essentially  modern. 
There  were  vast  and  exhaustive  treatises  on  the  one,  before  the  other  had 
received  any  development  whatsoever.  In  the  Platonic  philosophy,  we 
find  the  grandest  development  of  a  pure  philosophy  of  mind,  but  at  this 
time,  and  twenty  centuries  later,  there  was  no  physical  system  which 
could  pretend  to  any  degree  of  completeness. 

The  pre-Socratic  philosophers  made  many  attempts  to  arrive  at  the 
causes  of  natural  phenomena,  and  to  find  an  explanation  in  nature  of  the 
complex  machinery  of  the  universe.  We  observe  in  the  earlier  systems  a 
very  marked  tendency  to  assign  a  first  place  to  some  one  entity ;  a  primal 
element,  from  which  all  others  emanate.  Thus  Thales  considered 
water  the  first  element;  Anaximenes,  air;  and  Heraclitus,  fire.  Thales 
(640-550  B.C.)  has  been  called  the  "first  of  Natural  Philosophers,"  and 
by  Lactantius,  "  the  first  who  inquired  after  Natural  Causes."  He  taught 
that  everything  is  produced  from  water,  and  returns  to  it  again,  and  that 
the  earth  floats  upon  water.  He  said  that  the  soul  is  xM^rtxov,  that  is, 
having  the  power  to  move,  and  that  hence  rubbed  amber  and  the  load- 
stone have  sonls,  because  they  are  capable  of  attracting,  the  one  light 
substances,  the  other  iron.  This  idea  of  the  soul  of  inanimate  things 
appeared  very  prominently  many  centuries  later  in  the  writings  of  Jerome 
Card  an  us  and  others.  Again,  the  idea  that  water  might  become  earth 
was  very  generally  received  for  more  than  twenty  centuries  after  the  time 
of  Thales ;  among  those  who  wrote  on  the  subject  may  be  mentioned 
Yan  Helmont,  Boyle,  Eller,  Kraft,  Hales,  Duhamel,  Stahl,  Boerhaave, 
Margraaf,  and  Lavoisier.  So  late  as  1770,  Lavoisier  published  a  paper 
in  the  Memoirs  of  the  French  Academy,  "  on  the  Nature  of  Water,  and 
the  experiments  by  which  it  has  been  attempted  to  prove  the  possibility 
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of  changing  it  into  earth."  In  this  he  clearly  disproved  the  Thalesian 
dogma,  by  showing  that  if  water  were  boiled  for  a  length  of  time  in  a 
glass  vessel,  the  earthy  substance  which  was  found  at  the  bottom  of  the 
water  did  not  result  from  the  conversion  of  water  into  earth,  but  from  the 
disintegration  of  the  substance  of  the  vessel.  Some  went  so  far  as  to 
assert  that  water  hardened  by  long  frost  becomes  rock  crystal.  Boer- 
haave  devotes  a  passage  in  his  Elementa  Chemise  (1732)  to  answering 
the  question,  "  Whether  water  be  convertible  into  earth,"  and  he  decides 
in  the  negative.  It  was  also  believed  that  water  by  boiling  was  converted 
into  air ;  in  fact,  that  while  some  became  earth,  another  portion  of  it 
became  air.  Many  experiments  were  made  with  a  view  of  proving  or 
disproving  this  notion.  These  facts  show  us  that  at  a  comparatively 
late  period  some  of  the  physical  ideas  of  the  ancient  philosophers  were 
admitted. 

Anaximenes,  a  disciple  of  Thales,  regarded  air  as  the  primal  element, 
and  considered  clouds  to  result  from  the  condensation  of  air,  rain  from 
the  condensation  of  clouds,  and  hail  from  the  condensation  of  rain.  He 
appears  further  to  have  regarded  cold  as  an  action  of  condensation,  and 
heat  as  an  action  of  rarefaction. 

In  defining  his  primal  element — fire — Heraclitus  (about  B.C.  513)  to 
a  certain  extent  described  the  attributes  of  what  has  since  been  called  a 
physical  force.  It  is,  he  says,  perpetually  undergoing  transformation, 
but  ultimately  returns  to  its  original  form ;  it  is  precedent  to  matter,  and 
is  the  motive  power  of  the  universe,  and  the  producer  of  all  the  phe- 
nomena of  nature.  The  most  perfect  idea  of  a  force  influencing  matter, 
and  producing  phenomena  by  material  changes,  is  undoubtedly  to  be 
found  in  the  theosophy  of  the  ancient  Hindus,  for  B rah  me  personifies 
the  actuating  force  of  the  universe,  the  wish,  will,  action,  of  the  First 
Cause  exercised  in  nature. 

The  Pythagoreans  somewhat  refined  the  ideas  of  their  predecessors  by 
introducing  the  notion  of  the  existence  of  harmony  and  order  in  the 
affairs  of  nature.  The  Pythagorean  philosophy  was,  however,  so  exces- 
sively mystical  and  esoteric,  that  it  is  impossible  to  say  in  what  light 
these  ideas  were  viewed.  Pythagoras  (540-500  B.C.)  is  said  to  have  first 
introduced  mathematics  into  philosophy,  in  order  to  abstract  the  soul 
from  corporeals,  and  cause  it  the  better  to  contemplate  and  comprehend 
the  incorporeal  and  eternal.  He  also  first  employed  the  term  Philosophy 
— the  love  of  wisdom,  and  wisdom  is  the  science  of  truth.  The  Pytha- 
goreans are  said  by  some  to  have  regarded  the  sun  as  the  centre  of  the 
universe,  and  to  have  taught  that  from  it  heat  and  light,  and  indeed 
life,  radiate  into  the  world. 

Empedocles  (440  B.C.),  instead  of  giving  prominence  to  some  one  ele- 
ment after  the  manner  of  many  of  his  predecessors,  admitted  the  exist- 
ence of  four  elements — earth,  water,  air,  and  fire — which  are  acted  upon 
by  two  forces,  the  one  attractive,  the  other  repulsive.  Thus  he  united 
the  corporeal  elements  of  former  philosophers  with  the  moving  and 
actuating  force  of  Heraclitus.  This  association  of  force  with  matter  is 
an  important  step  in  the  direction  of  a  complete  physical  system.  The 
four-element  theory  was  almost  universally  adopted  during  the  Middle 
Ages,  and  even  so  late  as  a  century  ago  it  was  accepted  more  or  less 
widely.  Thus,  it  endured  for  twenty-three  centuries.  It  was  not  finally 
disproved  until  earth,  water,  and  air  were  proved  by  chemical  analysis 
to  be  compound  bodies,  while  fire  was  shown  to  result  from  intense 
chemical  combination. 
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The  idea  that  all  things  are  composed  of  minute  indivisible  particles 
or  atoms,  seems  to  have  originated  in  India  long  before  its  introduction 
into  the  philosophies  of  Leucippus  and  Democritus.  Kanada,  the 
founder  of  the  Nyaya  System  of  Hindu  philosophy,  taught  that  all 
material  substances  exist  first  as  atoms,  and  afterwards  as  aggregates 
of  atoms.  At  the  creation  the  atoms  fell  together  to  produce  air,  then 
fire ;  a  greater  condensation  produced  water,  and  the  greatest  earth. 
Democritus  (460  B.C.)  taught  that  all  matter  is  composed  of  indivisible 
particles,  which  are  impenetrable,  and  differ  from  each  other  in  weight, 
form,  and  size,  but  not  in  composition.  The  production  of  material  forms 
is  due  to  different  arrangements  of  these  atoms,  which  are  actuated  by 
necessity  or  fate  (dvdyxrj).  They  are  invisible  by  reason  of  their  small- 
ness,  indivisible  by  reason  of  their  solidity,  and  unalterable.  They  are 
infinite  in  number  and  various  in  form.  They  possess  an  oblique  motion 
in  the  vacuum,  and  when  they  fall  together,  by  their  collision  and  en- 
tanglement, they  produce  all  things.  Democritus  asserted  that  there  is 
a  vacuum  in  nature,  otherwise  motion  of  the  atoms  would  be  impossible, 
because  there  would  be  no  place  to  receive  them.  Centuries  later,  this 
question  was  discussed :  on  the  one  side,  the  Plenists  asserted  that  a 
vacuum  (or  space  perfectly  devoid  of  matter)  was  an  impossibility; 
while  on  the  other,  the  Vacuists  maintained  that  a  vacuum  was  possible, 
and  could  be  produced  by  artificial  means.  Among'  the  Vacuists  were 
Otto  von  Guericke,  Pascal,  and  Boyle ;  and  among  the  Plenists,  Mer- 
sennus,  Hobbes,  and  the  Cartesians.  Boyle  (writing  in  1662)  describes 
the  latter  as  u  the  subtilest  and  wariest  champions  for  a  plenum  I  have 
yet  met  with." 

Anaxagoras  (B.C.  500)  to  a  certain  extent  united  the  tenets  of  pre- 
ceding philosophies,  and  introduced  a  designing  intelligence  (voii)  as  the 
governing  cause  of  the  universe,  and  the  producer  of  all  motion.  Before 
the  creation,  there  was  a  chaos  of  intermingled  particles  of  matter,  which 
were  arranged  in  an  orderly  manner  by  the  vortical  motion  of  the  vwj, 
by  which  means  like  parts  (opoiopepfiW)  were  brought  together  into  one 
place,  and  aggregated  into  masses.  The  *ov$  is  strictly  w  a  mover  of 
matter ;"  it  took  the  place  of  the  apdyxrj  of  Democritus,  the  actuating 
force  of  fire  of  Heraclitus,  the  moving  force  of  Empedocles.  The 
6poLo/*£pE't<u  to  a  certain  extent  represent  the  atoms  of  Leucippus  and 
Democritus.  According  to  some  writers,  Anaxagoras  was  the  first  to 
introduce  the  idea  of  a  rapidly  moving  subtle  medium,  or  ether,  as  the 
cause  of  various  phenomena.  This  idea  has  from  the  earliest  ages  been 
inseperable  from  Physical  Philosophy;  it  was  admitted  in  both  the 
Sanch'ya  and  Nyaya  systems  of  Hindu  philosophy,  and  by  various 
Greek  philosophers,  notably  Aristotle,  who  made  it  a  fifth  element.  In 
the  present  day,  this  notion  of  the  ether  is  admitted  more  fully  than 
ever  before. 

Socrates  (b.  469  B.C.)  did  not  admit  physical  science  into  his  system  ; 
he  asserted  that  it  was  unwise  to  leave  those  affairs  which  directly  con- 
cern man,  in  order  to  study  those  which  are  external  to  him.  Natural 
phenomena  are  beyond  the  reach  of  man,  and  beyond  his  knowledge ; 
hence  the  endless  controversies  concerning  the  first  element  and  the 
manner  of  creation.  Again,  even  if  a  knowledge  of  the  causes  of  natural 
phenomena  could  be  gained,  it  would  be  perfectly  useless,  because  we 
cannot  produce  them  or  modify  them.  If  we  knew  the  causes  of  the 
reasons  never  so  well,  we  could  not  alter  them.  As  far,  however,  as  these 
studies  conduce  directly  to  the  advantage  of  mankind,  they  may  be  fol- 
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lowed ;  thus,  geometry  applied  to  measuring,  and  astronomy  in  so  far  as 
it  is  useful  to  navigation,  were  allowed  as  legitimate  studies  by  Socrates, 
but  he  deemed  it  idle  speculation  to  inquire  into  the  nature  and  distance 
of  the  stars.  The  object  and  end  of  all  philosophy  should  be  a  knowl- 
edge of  one's  self  (yywtf*  atavrov) ;  all  other  philosophy  is  useless,  and  does 
not  promote  the  welfare  of  the  human  race. 

In  the  philosophy  of  Plato  (b.  429  B.C.),  we  find  a  completion  of  the 
Socratic  philosophy,  and  to  a  certain  extent  the  union  of  previous  philo- 
sophical systems.  St.  Augustine  (Be  Civitate  Dei^  lib.  viii.)  says  that 
philosophy  concerns  itself  either  with  the  practice  of  moral  actions,  or 
with  the  contemplation  of  physical  causes.  Pythagoras  had  excelled  in 
the  latter,  Socrates  in  the  former,  while  Plato  produced  a  complete  and 
perfect  union  of  the  two.  Matter,  according  to  Plato,  is  that  which 
receives  forms,  as  a  wax  tablet  receives  impressions ;  it  is  potentially  a 
definite  thing,  just  as  brass  is  potentially  a  statue,  because  it  can  assume 
the  form  of  the  statue.  "  Posuerunt  enim  Materiam  tanquam  publicam 
meretricem,,,  says  Francis  Bacon,  in  speaking  of  ancient  philosophy, 
"formas  vero  tanquam  procos."  Plato  taught  that  the  earth  is  the  centre 
of  the  universe,  and  this  notion  formed  the  basis  of  the  astronomical 
system  of  Ptolemy,  which  prevailed  for  many  succeeding  centuries.  The 
shape  of  the  earth  is  that  of  a  sphere — the  most  perfect,  the  fairest,  and 
most  uniform  of  figures;  and  its  motion  is  circular, the  most  perfect  form 
of  motion.  Plato  admitted  the  four-element  theory,  and  classed  all  ani- 
mate beings  as  creatures  of  fire  or  light,  of  air,  of  water,  of  earth. 

Aristotle  (6.385  B.C.)  wrote  more  voluminously  on  physical  philosophy 
than  any  of  his  predecessors.  Theodorus  calls  him  the  "perfecter  of 
physics."  To  the  four  elements  of  his  predecessors  he  added  a  fifth — the 
quint  a  essentia,  or  fifth  essence,  more  divine  than  the  others,  a  subtle 
medium  in  perpetual  circular  motion,  and  conferring  motion  upon  the 
other  elements.  The  earth  is  a  sphere,  and  is  the  centre  of  the  universe, 
then  comes  the  sphere  of  the  planets,  in  which  he  includes  the  sun  and 
moon,  then  the  heaven  of  fixed  stars,  which  is  near  to  the  Moving  Cause. 
The  completion  of  everything  is  the  appearance  in  full  actuality  (hipyua) 
of  all  that  it  potentially  possesses.  Matter  and  form  pass  into  each  other. 
In  his  work  on  "  Meteors,"  Aristotle  classes  comets,  rain,  mists,  and  dew, 
together  as  meteors.  Mist  is  caused  by  the  condensation  of  the  vapor 
in  the  air  into  very  small  drops,  and  the  aggregation  of  these  produce 
the  larger  drops,  which  constitute  rain.  Dew  is  caused  by  the  conden- 
sation of  vapor  a  short  distance  above  the  earth.  Light  is  an  effect 
produced  in  a  thin  medium,  and  is  by  it  conveyed  to  us ;  sound  is  a 
motion  of  the  air  conveyed  to  the  ear;  echo  is  reflected  sound,  and 
light  is  capable  of  similar  reflection.  The  physical  philosophy  of  Aris- 
totle prevailed  almost  universally  during  the  Middle  Ages. 

Among  the  ancients  there  was  no  real  physical  science.  "We  have 
record  of  a  few  detailed  experiments,  such  as  the  observation  of  Thales, 
that  rubbed  amber  attracts  light  bodies,  the  proof  adduced  by  Anaxi- 
menes  to  show  the  materiality  of  air,  and  the  notice  of  a  few  magnetic 
effects  given  by  Lucretius ;  but  these  were  solitary  examples,  and  led  to 
no  result.  Many  philosophers  openly  expressed  their  contempt  for  a 
philosophy  which  did  not  directly  concern  man :  it  is  possible,  they  said, 
to  improve  the  condition  of  man  and  ennoble  his  mental  faculties  by  our 
ethical  and  logical  systems,  why,  therefore,  should  we  go  out  of  our  way 
to  study  nature,  whose  actions  and  operations  we  can  never  influence? 
Why  should  we  study  the  stars  while  we  neglect  that  which  is  under  our 
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feet  ?  Human  philosophy  was  always  placed  before  natural  philosophy. 
Diogenes  Laertius  says,  that  in  philosophy  we  have  Logic  first,  Ethics 
second,  and  Physics  last,  because  the  two  former  prepare  the  mind  for  a 
right  contemplation  of  the  latter,  since  Nature  is  the  more  divine.  Some 
have  compared  philosophy  to  an  orchard  full  of  all  manner  of  fruit ;  in 
which  Physics  represents  the  trees,  Ethics  the  ripe  fruit,  and  Logic  the 
strong  fence.  Possidonius  likens  it  to  a  living  creature,  of  which  Physics 
represents  the  blood  and  flesh,  Logic  the  nerves,  Ethics  the  soul.  It 
must  be  confessed  that  these  comparisons  are  singularly  inappropriate. 

The  ancients  made  progress  in  mathematical  and  observational 
sciences :  thus  astronomy  and  geometry  received  considerable  develop- 
ment in  their  hands.  Astronomy  undoubtedly  originated  in  Chaldea, 
and  it  was  studied  by  the  Egyptians,  the  Chinese,  and  the  Hindus,  at  a 
very  early  date.  The  science  passed  from  Egypt  into  Greece.  Thaies 
determined  the  length  of  the  solar  year,  and  is  said  to  have  calculated 
eclipses.  Pythagoras  asserted  the  spherical  form  of  the  earth,  while 
Meton,  or  his  immediate  successors,  invented  the  metonic  cycle.  Hip- 
parchus  made  a  number  of  astronomical  researches;  indeed  it  is  won- 
derful that  he  did  so  much  without  the  aid  of  the  telescope,  for  he 
determined  with  some  accuracy  the  motions  of  the  sun  and  moon,  and 
discovered  the  precession  of  the  equinoxes.  Ancient  astronomy  closes 
with  Ptolemy,  whose  system  was  universally  accepted  during  the  Middle 
Ages,  and  until  the  time  of  Galileo. 

In  the  hands  of  Archimedes  several  sciences  had  their  origin,  among 
them  Mechanics  and  Hydro -mechanics.  He  wrote  on  the  centre  of 
gravity,  and  some  of  the  mechanical  powers:  and  we  yet  find  in  our 
text-books  the  Principle  of  Archimedes,  which  affirms  that  when  a  body 
is  immersed  in  a  liquid  it  loses  a  portion  of  its  weight  equal  to  tbe  weight 
of  the  liquid  which  it  displaces.  Archimedes  was  followed  by  Ctesibius 
and  Hero  of  Alexandria.  Tbe  invention  of  the  force  pump  is  ascribed 
to  the  former,  while  the  latter  reduced  all  machines  to  combinations  of 
the  five  mechanical  powers  (Avyapuf),  a  division  which  we  still  retain. 
In  the  Jlvfvfiartxa  of  Hero  we  find  an  account  of  various  machines.  The 
elasticity  of  the  air  was  well  demonstrated  in  Hero's  fountain,  actuated 
by  compressed  air. 

The  four-element  theory  is  undoubtedly  the  oldest  and  most  enduring 
idea  which  has  appeared  in  the  whole  history  of  science.  We  must  be 
careful,  however,  not  to  confer  upon  it  a  too  limited  significance.  The 
elements,  fire,  air,  water,  and  earth,  were  not  regarded  in  their  strictly 
literal  sense  by  the  ancients,  but  rather  as  types  of  classes,  and  some  such 
rude  classification  must  of  necessity  exist  in  the  early  stages  of  physical 
inquiry.  With  fire  they  class  light,  heat,  flame,  incandescent  bodies, 
lightning,  and  all  visible  manifestations  of  electricity.  With  air,  steam, 
smoke,  and  everything  of  an  aeriform  nature.  All  liquids  were  classed 
with  the  element  water ;  and  all  solids  were  classed  with  earth.  Thus 
the  four  ancient  elements  were  types  of  great  classes,  which  in  their 
entirety  comprehended  the  universe;  they  typified  the  three  conditions 
of  matter,  solidity,  liquidity,  gaseity,  while  the  physical  force  exercising 
itself  upon  matter — the  something  more  ethereal  and  divine  than  matter 
—was  represented  by  fire.  The  ancients  feigned  that  Prometheus  had 
climbed  to  heaven  and  stolen  fire  therefrom  with  which  he  vivified  man- 
kind, and  the  function  of  fire  in  their  physical  systems  is  well  exem- 
plified by  this  story.  Fire  was  the  soul,  while  air,  water,  and  earth, 
together  constituted  the  body. 
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The  ancients,  we  repeat,  possessed  no  system  of  experimental  science, 
nor  did  they  ever  attempt  to  institute  or  develop  such  a  system.  Nature 
piped  unto  them  as  she  pipes  unto  us,  but  their  ears  were  not  attuned 
to  the  sounds.  Yet  they  watched  the  various  phenomena  of  the  universe 
as  we  watch  them  ;  the  ceaseless  round  of  change ;  the  ever  dying  of  the 
old  form,  the  ever  production  of  the  new.  They  traced  the  course  of 
the  stars,  and  created  great  systems  of  astrology  in  their  attempts  to 
associate  mundane  affairs  with  supra-mundane  influence.  They  listened 
to  the  surging  of  the  restless  sea,  and  sought  to  account  for  its  motions. 
They  followed  the  sinking  sun  with  their  eyes  and  minds,  and  when  the 
darkness  came  they  fell  down  and  prayed  for  the  return  of  the  vivifying 
light  and  heat ;  they  greeted  his  rising  with  their  morning  prayers,  and 
with  thanksgiving.  When  storms  came  they  besought  the  gods  of  the 
firmament  to  spare  their  lives,  and  rested  till  the  terror  was  overpast 
They  were  full  of  awe  of  the  powers  of  nature :  they  worshipped  fearing. 
Their  worship  of  nature  was  a  true  deisedaimonia. 

Physical  Science  during  the  Middle  Ages. 

Physical  Science,  in  common  with  all  other  subjects  requiring  an  exer- 
cise of  intellectual  power,  made  but  little  progress  during  the  Middle 
Ages.  The  system  of  Aristotle  was  almost  universally  received,  and 
with  it  the  four-element  theory.  There  was,  however,  one  notable  ex- 
ception to  this,  for  there  had  arisen  a  sect  of  men  whose  pursuits  led 
them  more  or  less  directly  to  study  the  intimate  nature  of  matter,  and 
the  conditions  of  its  change  under  varied  and  forced  conditions.  These 
were  the  Alchemists,  whose  principal  object  was  the  transmutation  of  the 
baser  metals  into  gold,  and  as  secondary  pursuits,  the  discovery  of  an 
universal  solvent,  and  of  an  elixir-vitae,  or  elixir  of  perpetual  life.  The 
alchemists  rejected  the  four-element  theory  and  adopted  three  principles 
which  they  called,  respectively,  Sal,  Sulphur,  Mercurius.  These  repre- 
sent perfectly  the  four  more  ancient  elements ;  but  as  the  alchemists 
delighted  in  mystery  they  ignored  the  terms  of  the  ancients,  and  intro- 
duced a  parallel  but  more  obscure  series  of  words.  The  sal,  sulphur, 
mercurius,  of  the  alchemists,  are  principles,  not  substances,  principia 
not  corpora  ;  the  words  are  not  to  be  taken  in  their  strict  sense,  they 
are  analogues,  representative  bodies,  and  like  the  four  elements  of  the 
ancients,  they  are  types  of  great  classes.  Under  the  term  sulphur,  the 
principle  of  combustibility,  they  included  fire  ;  air  and  water  (gaseity 
and  liquidity)  are  included  under  the  term  mercury,  while  earth  is  in- 
cluded under  the  term  salt,  the  principle  of  fixity  and  solidity. 

During  the  Middle  Ages  a  great  mass  of  superstition  and  false  science 
was  introduced  into  Europe  mainly  from  Eastern  nations,  and  for  many 
centuries  retarded  the  progress  of  science.  Alchemy  also  came  from  the 
East,  and  may  be  classed  with  the  other  great  delusions  which  in  all 
countries  are  found  at  some  period  or  other.  At  this  time  arose  many 
of  the  fifty-four  modes  of  divination  in  which  our  ancestors  put  faith 
less  than  two  centuries  ago,  and  in  some  of  which  a  not  inconsiderable 
number  of  our  contemporaries  believe.  Such  were  astrology,  necromancy, 
cheiromancy,  and  cephaleomancy.  Such  is  our  modern  spiritualism.  We 
have  traced  elsewhere  the  development  of  a  mystical  philosophy  of  the 
seventeenth  century,  in  which  will  be  found  many  superstitions  of  this 
nature.  Their  effect,  while  it  lasted,  was  extremely  detrimental  to  the 
advance  of  Physical  Science. 
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There  were  but  few  writers  on  Physical  Science  during  the  Middle  Ages. 
Among  them  may  be  mentioned :  Rhases  (6.  840),  who  shed  great  lustre 
in  the  Academy  of  Bagdad,  which  at  this  time  was  very  important,  and 
is  said  to  have  possessed  observatories,  laboratories,  and  libraries.  He 
was  the  author  of  a  great  number  of  treatises  on  Astronomy  and  Chemis- 
try, and  won  for  himself  the  title  of  "  the  Experimenter."  Many  of  his 
works  have  never  been  translated,  and  are  buried  in  Madrid  in  the  library 
of  El  E sco rial  with  so  much  else  that  would  enlighten  us  in  the  matter 
of  Middle  Age  lore.  Avicenna  (6.  980)  was  learned  in  the  mathematical 
works  of  the  ancients,  and  in  the  Almagestum  of  Ptolemy  the  astronomer, 
to  which  he  added  certain  astronimical  observations ;  he  also  wrote  on 
alchemy  and  chemistry.  Alfonso  X.  King  of  Castile  (6.  1223,  d.  1284) 
appears  to  have  been  a  most  exceptional  Middle  Age  monarch.  He  was 
devoted  to  astronomy,  and  the  celebrated  "  Alfonsine  Tables"  were  com- 
piled during  his  reign,  and  under  his  auspices.  In  the  eleventh  century 
Alhazen,  an  Arabian  mathematician,  wrote  a  treatise  on  Optics,  which 
was  translated  into  Latin  several  centuries  later.  Vitello,  a  Pole,  com- 
mented on  this  work,  in  a  treatise  written  in  1270,  and  added  many 
optical  observations  of  his  own ;  among  them  he  discussed  the  rainbow, 
and  the  nature  of  the  refraction  of  light.  Roger  Bacon  (6. 1214,  d.  1292) 
was  perhaps  the  greatest  experimenter  of  his  age,  and  one  of  the  very 
few  lights  of  science  of  the  Middle  Ages.  His  works  contain  an  account 
of  various  optical  and  chemical  experiments,  many  of  which  were  un- 
doubtedly acquired  from  Arabic  sources.  His  most  important  work, 
the  "Opus  Majus,"  was  not  published  till  1733;  it  is  free  from  the 
enigmatical  writing  which  characterizes  his  other  productions,  and  in  it 
he  discusses,  with  singular  clearness  and  force,  many  points  of  scientific 
method  which  were  afterwards  developed  in  the  Novum  Organum  of  his 
great  namesake  Francis  Bacon. 

Physical  Science  during  the  Sixteenth  Century. 

The  sixteenth  century  is  not  very  notable  in  the  history  of  Natural 
Philosophy.  The  labors  of  many  men  who  were  eminent  in  the  scientific 
world  during  the  succeeding  century  were,  however,  commenced  at  the 
end  of  this  century  ;  and  it  must  always  be  associated  with  the  names  of 
Copernicus  and  Tycho  Brahe.  The  former  was  born  at  Thorn  in 
Prussia  in  1473,  and  his  great  work  on  astronomy  (Astronomia  Inr 
staurata)  was  published  in  1543,  a  few  days  only  before  his  death. 
During  this  century  there  were  but  ten  supporters  of  the  Copernican 
theory  in  Europe.  Tycho  Brahe  applied  himself  to  astronomical  ob- 
servation, and  collected  together  a  great  mass  of  matter;  although 
unaided  by  the  telescope,  he  made  a  very  extensive  catalogue  of  stars, 
which  was  published  in  1002.  A  treatise  on  optics  by  Maurolycus  of 
Messina  appeared  in  1575,  which,  however,  scarcely  added  anything  to 
the  facts  described  by  Roger  Bacon  many  years  earlier.  Baptista  Porta, 
whose  Natural  Magic  was  published  in  1589,  invented  the  camera  ob- 
scura.  Towards  the  end  of  the  century  Guido  Ubaldi  (b.  1540)  pub- 
lished a  work  of  some  importance  on  mechanics,  and  Stevinus  of  Bruges 
(b.  1548)  added  to  our  knowledge  both  of  mechanics  and  hydrostatics; 
Jerome  Cardan  and  Nicolas  Tartaglia  also  wrote  on  mechanics.  Galileo, 
whose  name  we  meet  with  so  frequently  in  the  scientific  records  of  the 
next  century,  was  born  in  1564,  and  before  the  end  of  the  century  had 
discovered  the  isochronism  of  the  pendulum,  and  the  laws  of  falling 
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bodies.  The  most  important  work  on  physical  science  which  appeared 
in  England  during  this  period  was  Gilbert's  Be  Magnete,  the  birth-place 
of  the  sciences  of  electricity  and  magnetism. 

Of  a  Mystical  Philosophy  of  the  Seventeenth  Century. 

During  the  fifteenth  and  sixteenth  centuries  several  unimportant  sys- 
tems of  Physical  Philosophy  arose,  in  all  of  which  mystical  lore,  collected 
from  various  sources,  was  blended  with  Aristotelianism.  It  will  be  a 
matter  of  interest  to  discuss  in  some  detail  one  of  these  systems,  because 
the  progress  of  Physical  Science  was  retarded  to  an  unknown  extent  by 
these  false  philosophies.  We  have  chosen  for  this  purpose  the  philos- 
ophy of  Robert  Fludd  (6.  1574,  d.  1637),  which  was  one  of  the  last 
efforts  of  eastern  mysticism  to  unite  itself  with  modern  thought.  At 
the  time  when  Fludd  wrote,  Galileo  was  making  the  most  brilliant  dis- 
coveries and  laying  the  foundation  for  exact  experimental  investigation, 
while  Francis  Bacon  was  writing  those  noble  works  which  have  guided 
us  in  the  pursuit  of  science  to  this  day.  The  philosophy  of  Robert 
Fludd  is  not  typical  of  the  period  in  which  he  lived ;  it  rather  typifies 
the  thought  of  times  long  past.  Fludd  was  not  a  very  staunch  conserva- 
tive, but  he  was  far  too  conservative  for  that  age  of  progress ;  in  a  very 
few  respects  he  was  ahead  of  his  contemporaries,  in  some  he  kept  pace 
with  them,  but  in  many  he  lagged  far  behind  them.  He  was  not  one  of  the 
great  thinkers  of  his  day,  but  he  was  a  man  of  the  most  varied  learning, 
and  unwearied  in  his  labors ;  he  was  called  the  searcher  in  that  he  was 
ever  prying  into  the  secrets  of  nature,  and  he  was  accounted  "  strangely 
profound  in  obscure  matters."  Briicker  (" Institution es  Historic  Phil- 
osophicse")  says  of  him,  "Cum  imaginationis  vehementia  fureret,  et 
Paracelsica,  Cabbalistica,  Magica,  Vetera,  nova,  in  unum  confunderet, 
quibus  tamen  haud  paucos  erudita,  et  a  naturali  experientia  desumta 
admiscuit." 

According  to  Fludd,  God  is  the  beginning,  the  end,  and  the  summa- 
tion of  all  things.  The  act  of  creation  is  the  separation  of  the  active 
principle  (  Voluntas  Divina)  represented  by  light,  from  the  passive  prin- 
ciple (Noluntas  Divina)  represented  by  darkness.  By  the  interaction  of 
these  principles  everything  is  produced.  The  universe  is  composed  of 
four  worlds :  the  archetypal  world  in  which  the  Deity  specially  manifests 
himself;  the  angelic,  inhabited  by  angels,  who  are  the  direct  communi- 
cators of  the  Divine  will;  the  stellar,  containing  the  planets  and  all  the 
heavenly  bodies,  and,  lastly,  the  earth  and  the  creatures  which  inhabit 
it.  These  four  worlds  may  be  reduced  to  three — viz.,  the  archetypal 
world,  the  macrocosm,  and  the  microcosm,  or  God,  the  world,  man.  The 
archetypal  world  is  formed  of  three  manifestations  of  the  Deity  repre- 
sented by  the  three  Persons  of  the  Trinity.  God  in  this  threefold  char- 
acter presents  the  image  of  a  circle  (which  has  ever  been  the  symbol  of 
perfection),  "cujus  centrum  est  in  omnibus,  circumferentia  extra  omni- 
bus." The  greater  world  or  macrocosm  (juaxpo*  xoofioi)  is  an  emanation 
from  God,  and  is  divided  into  three  regions  corresponding  to  the  three 
Persons  of  the  Trinity — viz.,  the  empyreal  region  occupied  by  angels  ; 
the  ethereal  region  or  heaven  of  fixed  stars ;  and  the  elementary  region 
occupied  by  the  earth.  The  lesser  world  or  microcosm  (ptxpo*  xoonos)  is 
man,  because  he  presents  a  counterpart  of  all  the  parts  of  the  macrocosm. 
The  head  corresponds  to  the  empyreal  heaven,  the  breast  to  the  ethereal 
heaven,  and  the  stomach  to  the  elementary  region.    The  different  parts 
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of  the  macrocosm  have  representatives  in  the  microcosm,  and  these  cor- 
respond by  the  law  of  sympathy,  and  necessarily  are  influenced  the  one 
by  the  other.  This  system  of  the  world  was  revealed,  according  to 
Fludd,  by  the  Deity  to  the  first  man,  and  by  him  transmitted  to  the 
Patriarchs  and  Moses.  The  three  great  philosophers  of  antiquity — 
Pythagoras,  Plato,  and  Hermes  Trismegistus — adopted  it  from  the  Bible, 
but  made  many  alterations  in  reproducing  it.  Aristotle,  on  the  other 
hand,  was  not  acquainted  with  the  sacred  writings ;  his  books  are  full 
of  follies  and  errors,  and  he  has  been  the  cause  of  infinite  heresies. 

It  will  be  noticed  above  that  Fludd  speaks  of  Hermes  Trismegistus  as 
one  of  the  three  greatest  philosophers  of  antiquity ;  and  from  the  fre- 
quency with  which  he  quotes  him  we  should  be  inclined  to  think  that  he 
is  considered  the  greatest  of  the  three.  Hermes  Trismegistus  is  often 
confounded  with  the  Egyptian  God  Thoth,  the  inventor  of  numbers  and 
letters,  but  they  are  distinct.  According  to  Clemens  Alexandrinus, 
Hermes  was  an  Egyptian,  and  the  author  of  forty-two  books  which  his 
countrymen  treated  with  the  most  profound  respect,  and  were  wont  to 
carry  in  their  religions  processions.  Thirty-six  of  these  (including  four 
on  astrology)  contained  all  the  philosophy  of  Egypt,  while  the  remaining 
six  treated  of  medicine,  anatomy,  and  the  cure  of  diseases.  In  the 
temple  of  Hermes  at  Pselcis  he  is  represented  with  a  staff  having  a  snake 
turned  round  it,  from  which  emblem  the  Caduceus  of  Mercury  may  have 
been  derived.  Some  make  Hermes  a  priest  and  philosopher,  who  lived  a 
little  after  the  time  of  Moses ;  others,  a  contemporary  of  Osiris.  How- 
ever all  this  may  be,  it  is  certain  that  several  books  appeared  during  the 
Middle  Ages  which  claimed  Hermes  Trismegistus  as  their  author,  and  it 
is  equally  certain  that  thej'  were  written  by  Neo-Platonists  and  Gnostics 
during  the  early  centuries  of  the  Christian  Era.  Fludd  has  drawn 
largely  upon  the  supposed  works  of  Hermes ;  his  cosmogony  is  nearly 
the  same  as  that  of  Hermes ;  and  much  of  the  supernatural  machinery 
which  he  introduces  is  derived  from  the  same  source.  From  this  cause 
the  philosophy  of  Fludd  is  strongly  tinctured  with  Neo-Platonism. 

We  are  inclined  to  regard  as  Fludd's  principal  work  Historia  Macro- 
cosmi,  which  was  published  at  Oppenheim  in  1617  and  1618,  and  which  we 
will  consider  somewhat  in  detail.  It  is  entitled, "  Utriusque  Cosmi  majo- 
ris  scilicet  et  minoris  metaphysics  physica,  at  que  technica  historia,"  and 
is  in  the  form  of  a  closely-printed  folio  full  of  copper-plates.  It  is  dedi- 
cated to  God,  as  was  not  uncommon  at  a  somewhat  earlier  period — "  Deo 
optimo  raaximo,  Creatori  meo,  incomprehcnsibiii,  sit  gloria,  laus,  honor, 
benedictio,  et  victoria  triumphalis,  in  secula  seculorum.  Amen."  Then 
follows  a  declaration  to  James  I.  in  language  which  must  have  been 
rather  too  laudatory  even  for  that  vainest  of  monarchs.  After  this  we 
have  one  of  the  large  emblematical  designs  in  which  mystical  writers 
took  so  much  delight ;  a  design  in  which  the  earth  forms  the  centre  of  a 
circle,  while  cherubim  and  all  the  host  of  heaven  form  the  circumference. 
Immediately  around  the  earth  we  observe  three  circles  within  which  ap- 
pear respectively  typical  products  of  the  animal,  vegetable,  and  mineral 
kingdoms  as  adapted  by  art  to  the  uses  of  mankind ;  a  fourth  circle 
contains  types  of  the  liberal  arts,  a  fifth  of  the  mineral  kingdom,  a  sixth 
of  the  vegetable  kingdom,  a  seventh  of  the  animal  kingdom.  The  eighth 
circle  represents  the  sphere  of  air,  the  ninth  that  of  fire,  the  tenth  to 
the  sixteenth  the  circles  of  the  Moon,  Mercury,  Venus,  the  Sun,  Mars, 
Jupiter,  and  Saturn.  The  seventeenth  circle  incloses  a  quantity  of  stars, 
and  is  called  Caelum  Stellarum,  and  the  three  outer  circles  are  fringed 
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with  tongues  of  flame  and  contain  cherubim  and  seraphim.  At  the  limit 
of  the  outermost  circle  the  hand  of  God  is  seen  projecting  from  a  cloud, 
and  leading  by  a  chain,  Nature,  personated  by  a  human  form  bearing  the 
sun  and  moon,  and  girt  with  stars,  while  from  her  hand  depends  a  chain 
by  which  she  leads  an  ape  seated  upon  the  earth.  The  ape  personates 
Art,  for  Fludd  elsewhere  says,  "Natura^  et  ejus  simia  quam  artem  appel- 
lamus."  It  can  well  be  understood,  in  reference  to  this  emblematical 
figure,  that  although  the  world  is  not  more  than  an  inch  in  diameter  the 
whole  figure  terminated  by  the  circle  of  cherubim  extends  over  more 
than  a  foot.  It  is  in  good  truth  a  wonderful  mass  of  uncouth  symbolism, 
and  many  such  are  found  in  the  writings  of  Fludd  and  of  the  mystics 
of  his  school.  After  the  symbolic  design,  the  work  begins  in  good 
earnest  with  an  account  of  the  creation,  and  of  the  construction  of  the 
macrocosm,  the  nature  of  the  empyrean,  and  the  form  of  the  elements. 
The  third  book  (or  chapter,  as  we  should  call  it  now-a-days),  De  Musica 
Mundana,  is  essentially  Pythagorean  in  character ;  in  it  Fludd  endeav- 
ors to  prove  that  unity  and  rhythm  prevail  in  all  things,  and  we  may  be 
sure  a  chapter  on  the  music  of  the  spheres  is  introduced.  Book  IY. 
treats  "of  the  creatures  of  the  Empyrean,"  and  in  this  the  nature  of 
demons  is  fully  discussed.  In  the  paragraph  relating  to  bad  demons  we 
find  such  sentences  as  the  following:  "  Accusing  and  calumniating  de- 
mons occupy  the  eighth  mansion,  whose  prince  is  called  Ashtaroth,  who, 
active  and  filled  with  joy,  exaggerates  our  sins  before  God." 

Book  Y.  treats  "  of  the  creatures  of  the  ethereal  heavens,"  and  we  find 
herein  Fludd's  ideas  regarding  the  origin  of  the  sun,  and  the  cause  of 
the  "  circular  movement  of  the  heavens,"  as  the  apparent  motion  of  the 
sun  was  then  called.  He  also  devotes  some  space  to  the  refutation  of  the 
Copernican  theory,  which  had  a  few  years  before  been  adopted  by  Gilbert 
of  Colchester  (of  "  De  Magnete"  fame),  to  his  honor.  The  remarks 
which  follow  in  the  next  chapters  about  thunder  and  lightning  and 
meteors,  appear  to  be  taken  from  Lucretius  and  Pliny,  and  certainly  lack 
any  originality.  The  second  part  of  the  Historia  is  devoted  to  a  tech- 
nical history  of  the  macrocosm,  which  is  considered  in  the  following 
order:  "  Of  Universal  Arithmetic,"  153  pp.;  "Of  Music,"  100  pp.;  "Of 
Geometry,"  31  pp. ;  "  Of  Optics,"  23  pp. ;  "  Of  the  Art  of  Drawing,"  24 
pp.;  "Of  the  Military  Art,"  89  pp.;  "Of  Motion,"  68  pp.  (containing 
an  account  of  various  machines  and  pieces  of  mechanism,  in  the  design- 
ing of  which  Fludd  was  said  to  be  proficient)  ;  "  Of  Time,"  25  pp. ;  "Of 
Cosmography,"  28  pp. ;  a  Of  Astrology,"  156  pp.;  and  "  Of  Geomancy," 
73  pp.  Note  the  significancy  of  the  extent  of  the  two  last-named  sul>- 
jecta.  Taking  the  whole  work  of  more  than  900  folio  pages,  we  find 
nearly  one-sixth  of  the  space  given  to  astrology ;  or,  taking  together  the 
astrology  and  geomancy  (divination  by  figures  drawn  on  the  earth,  yij 
pa»*fta),  nearly  one-fourth  of  the  work  is  thus  occupied.  In  round 
numbers,  one-fifth  of  the  work  is  devoted  to  the  physical  and  meta- 
physical history  of  the  macrocosm,  and  four-fifths  to  its  technical  his- 
tory; and,  of  the  latter  branch,  about  one-ninth  of  the  work  is  occupied 
by  music,  one-eleventh  by  military  matters,  about  one-sixth  by  arithme- 
tic, and  one- fortieth  by  optics. 

The  other  writings  of  Fludd,  although  numerous,  need  occupy  but  little 
of  our  attention.  In  1619  the  complement  of  the  "  Historia  Macrocosmi" 
was  published  at  Oppenheim,  under  the  title  of  u  Tom  us  Secundus  de 
supernatural  i,  naturali,  pneternaturali,  et  contranaturali  microcosmi  his- 
toria, in  tractatus  tres  diatribua."    In  this  work  we  find  at  the  commence- 
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ment  an  oratio  gratulabunda,  of  considerable  length,  addressed  to  the 
Deity,  and  much  occupied  by  quotations  from  the  Psalms  and  from  Her- 
mes Trismegistus.  It  rises  here  and  there  to  a  certain  tone  approaching 
sublimit}'.  Among  the  last  works  which  Fludd  published  were  three  large 
folios  entitled  a  Medecina  Catholica,  seu  mysticum  artis  medicandi  sacra- 
rium."  Tljese  were  published  in  Frankfort  in  1629-30  and  31,  and  the 
motto  of  the  books  is  Non  est  vivere  std  valere,  vita.  In  this  work,  more 
perhaps  than  in  any  other,  does  Fludd  employ  hieroglyphics,  such  as  the 
astrologers  delighted  in.  We  not  unfrequently  find  sentences  which  con- 
sist of  two-thirds  symbols,  and  one-third  words,  and  the  latter  are  often 
much  contracted.  At  the  beginning  of  the  first  volume  of  the  "  Medicina 
Catholica"  (which  is  dedicated  to  the  then  Archbishop  of  Canterbury), 
there  is  another  of  the  emblematical  figures  of  which  Fludd  was  so  fond. 
In  it  a  healthy  man  ("  homo  sanus")  is  seen  kneeling  in  the  midst  of  a 
kiud  of  a  citadel,  the  four  comers  of  which  are  guarded  by  Raphael,  Uriel, 
Michael,  and  Gabriel,  each  with  a  drawn  sword.  From  the  north  is  let 
loose  upon  him  the  demon  Mahazael,  riding  upon  a  gigantic  frog,  and 
poising  an  arrow  aloft  in  his  hand  ;  from  the  south  appears  Azazel,  a 
demon  riding  upon  a  dragon;  from  the  east,  Sammael  (the  messenger  of 
death),  astride  upon  a  winged  dragon,  and  holding  a  torch  in  his  hands ; 
while  from  the  west  comes  Azael,  riding  upon  a  dolphin.  The  first  vol- 
ume contains  a  great  collection  of  medical  facts ;  but  as  we  pass  on  to  the 
second  and  third,  the  matter  becomes  weaker  and  weaker  until  it  culmi- 
nates in  the  most  arrant  puerility.  In  the  chapter  "  De  nomandia  sive 
onomantia,"  rules  are  given  in  great  detail  for  finding  out  the  prioritj'  of 
death  in  the  case  of  two  relations,  and  some  of  these  rules  are  as  arbitrary 
as,  and  somewhat  of  the  nature  of,  the  divination  we  practise  when  we 
count  our  cherry  stones,  and  say, "  This  year,  next  year,  sometime,  never." 
Again,  what  shall  we  say  to  93  pages  devoted  to  divination  by  feeling 
the  pulse  under  different  planetary  conditions  ?  But  the  crowning  point 
of  folly  and  superstition  remains.  Will  it  be  credited  that  any  man,  much 
less  a  man  of  Fludd's  capability,  could  devote  180  folio  pages  to  "Ouro- 
mantia  hoc  est  divinatio  per — ovpo*  V9  Imagine  a  vast  system  of  vaticina- 
tion, based  upon  the  observation  of  ovpo*  under  various  stellar  and  other 
conditions.  Can  anything  be  more  infinitely  pitiful  than  this  ?  Did  any 
act  attributed  to  the  Laputan  philosophers  exceed  this  for  folly? 

It  is  of  course  impossible  here  to  attempt  any  detailed  analysis  of  the 
authorship  of  the  prominent  tenets  of  Fludd's  philosophy.  His  cos- 
mogony is  closely  related  to  that  described  as  Chaldaean  in  the  writings 
of  Psellus,  Sextus  Empiricus,  Porphyry,  Jamblichus,  and  Proclus,  and 
in  the  works  of  the  same  period  which  bear  the  name  of  Hermes  Trisme- 
gistus. His  astrology  is  mainly  compiled  from  middle  age  works  on  the 
subject,  which  are  themselves  based  on  Arabic  works;  the  various  views 
of  the  Rosicriicians  also  find  expression.  His  Ialromathematics  is  obvi- 
ously taken  from  one  of  the  works  attributed  to  Hermes  Trismegistus, 
under  whose  name  was  published,  in  1532,  a  treatise  entitled  Iarpopa0i?pa- 

*&  rtxa  17  rtapa  xaraxXtacaf  voaovrfw*  rtpoyptAottxa  tx  tr^  naOf^ixartx^  iftiorrjfittf.      His 

anatomy  is  taken  mainly  from  Vesalius,  and  his  medicine  from  Paracelsus 
and  his  followers,  but  it  is  probable  that  a  careful  and  unwearied  observer 
like  Fludd  added  a  good  deal  of  new  matter  in  this  direction,  since  it  was 
the  subject  of  his  profession.  His  geometry  comes  mainly  from  Euclid, 
music  from  Guido  of  Arezzo,  optics  apparently  chiefly  from  Baptista 
Porta,  but  undoubtedly  also  from  Yitello,  and  from  various  Arabic 
sources.     Fludd  was  neither  a  Copernican  nor  an  Aristotelian,  nor  does 
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he  appear  to  have  been  impressed  by  any  of  the  discoveries  which  were 
being  made  around  him  by  Gilbert  and  Galileo,  or  by  the  writings  of 
Bacon.  As  to  his  natural  science,  he  not  unfrequently  shows  considera- 
ble aptitude  for  such  studies,  and  great  minuteness  of  observation.  Of 
the  old  experiment,  in  which  a  candle  is  burned  in  a  closed  vessel  stand- 
ing over  water,  which  latter,  on  the  extinction  of  the  flame,  ascends  some* 
what  into  the  vessel,  he  saj's :  "Aer  enim  nutrit  ignem,  et  nutriendo  con- 
8umilur9"  but  he  denied  the  possibility  of  a  vacuum.  Again,  in  the 
u  Anatomise  Amphitheatrum,"  we  find  a  chapter  entitled  "  l)e  anatomia 
sanguinis  humani  chimia  artificiali  dissecti  ;"  this  he  recommends  to  be 
done  by  submitting  the  blood  to  a  gradually  increasing  degree  of  heat 
in  a  retort,  and  collecting  the  products  at  various  stages ;  in  other  words, 
a  u  fractional  distillation,"  of  necessity  rough,  for  thermometers  were 
then  unknown.  As  to  Fludd's  astrology,  perhaps  the  most  rational 
thing  to  which  he  attempts  to  apply  it  is  the  prognostication  of  tempests, 
but  the  casting  of  horoscopes  is  a  favorite  subject,  and  one  part  treats  of 
the  discovery  of  a  thief.  "  The  truth  of  this  portion  of  the  science,"  he 
says,  "  is  not  alone  supplied  by  others,  for  I  also  have  confirmed  it  by 
practice  and  experience  ;"  he  then  tells  us  how  to  discover  who  the  thief 
is,  "  if  the  Lord  of  the  Sixth  House  is  found  in  the  Second  House,  or  in 
company  with  the  Lord  of  the  Second  House,  the  thief  is  one  of  the  family, 
either  parent,  or  brother,  or  sister,"  and  so  on.  Then  we  have  no  less  than 
eighteen  rules  to  enable  us  to  discover  the  form  of  the  thief.  If  Mercury 
is  in  the  sign  of  the  Scorpion,  he  will  be  bald,  while  another  planetary 
condition  gives  him  height,  and  crisp  yellow  hair;  some  signs  show  him 
to  be  stout,  others  a  monster  of  a  deformed  body,  others  strong  and 
patient,  while  Saturn  or  Mars,  in  certain  positions,  sbow  that  he  is  blood- 
thirsty, and  about  to  perish  by  a  violent  death,  which  at  once  relieves 
the  astrologer  from  further  anxiety,  except  as  to  his  stolen  goods.  And 
this  was  dignified  by  the  name  of  judicial  astrology^  and  called  an  art! 
Enough  has  been  said,  we  think,  to  show  how  utterly  trivial  were  many 
of  the  applications  of  this  rankly  superstitious  practice;  at  the  same  time, 
it  is  impossible  for  us,  in  the  present  day,  to  fully  realize  the  extent  of  the 
belief  in  the  influence  of  supernatural  causes  in  the  time  of  Fludd.  It 
was,  in  every  way,  a  superstitious  age ;  let  us  remember  that  the  belief 
in  witches  and  demons,  spells,  conjurations,  philtres,  and  raisings  of  the 
devil,  was  as  firm  then  amongst  all  classes  of  society  as  it  is  now  in  many 
a  lone  hamlet  of  Cornwall,  many  a  green  village  of  Galway,  or  of  Wales. 
A  word,  in  conclusion,  as  to  the  general  character  of  the  philosophy 
of  Fludd.  Eminently  a  syncretist,  he  endeavored  to  unite  the  dominant 
tenets  of  many  and  diverse  philosophies  by  means  of  a  cement  furnished 
by  his  own  active  and  comprehensive  intellect.  His  philosophy  is  tinc- 
tured with  somewhat  of  almost  every  system  which  had  gone  before. 
The  basis  of  his  system  is  sunk  deep  in  Eastern  soil,  the  summit  is 
obscured  by  mists  of  Middle  Age  origin.  Chaldaic  astrology  and  divina- 
tion, Arabic  geomancy  and  magic,  the  theurgy  and  theosophy  of  the 
Neo-Platonists,  the  aphorisms  and  tenets  of  the  supposed  Hermes  Tris- 
megistus,  with  the  paraphrases  of  Cornelius  Agrippa,  the  traditions  and 
the  dreams  of  the  Kabbalists  and  Talmud ists,  Alchemical  and  Paracel- 
sian  visions  and  dogmas,  and  a  spice  of  the  learning  of  the  ancient 
Greeks;  let  all  these  be  united,  with  much  show  of  relevancy,  by  an 
indubitably  fertile  and  astute  intellect,  and  let  the  whole  be  pervaded 
by  a  strong  undercurrent  of  Christian  tenets,  and  you  have  the  philoso- 
phy of  Robert  Fludd.    A  philosophy  which  is  utterly  undefiuable;  a 
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wondrous  blending  of  the  ancient  thought  of  the  Eastern  world  with  the 
modern  thought  of  the  Western  world ;  a  union  of  Christian  with  barbaric 
lore,  of  the  wisdom  of  the  ancients  and  the  reveries  of  the  East,  with  the 
unfledged  crudities  of  the  Renaissance.  A  mixture  of  infinitely  grand 
ideas,  with  the  wildest  vagaries  ever  conceived  by  the  mind  of  man; 
reverential  here,  almost  blasphemous  there  ;  pantheistic  and  materialis- 
tic, sublime  in  one  place,  ridiculous  in  another.  A  philosophy  in  which 
wisdom  and  folly  are  seated  at  the  same  table,  while  Flndd  acts  as  their 
host,  and  endeavors  to  reconcile  them;  a  philosophy  based  on  supra- 
mundane  influence  ;  all  symbolical,  all  theosophical,  all  occult ;  in  which 
an  assumed  influence  becomes  the  arbiter  of  destinies,  and  the  philoso- 
pher himself  a  thaumaturgus. 

Such  a  philosophy  could  not  exist  in  the  face  of  the  great  intellectual 
movement  which,  in  regard  to  all  matters  of  philosophy  and  science, 
glorified  the  seventeenth  century.  It  could  not  endure  side  by  side  with 
the  works  of  Bacon  and  Galileo,  of  Descartes,  Pascal,  Hobbes,  Boyle, 
and  of  the  many  great  thinkers  which  distinguished  this  epoch.  With 
it  perished  a  great  mass  of  mystic  lore.  The  philosophy  of  Robert  Fludd 
was  as  a  lurid  flame  upon  an  altar,  hidden  in  the  recesses  of  a  darksome 
cave,  the  abode  of  demons  and  unearthly  forms  ;  the  philosophy  of  his 
contemporary,  Francis  Bacon,  was  as  a  pure  light  set  upon  an  eminence, 
which,  like  the  diamond  in  the  old  story,  diffused  its  luminous  influence 
far  and  wide.  It  still  diffuses  it;  while  the  altar  has  been  overthrown, 
the  cave  is  desolate,  and  the  lurid  flame  has  died  out  for  ever. 

Physical  Science  during  the  Seventeenth  Century. 

At  the  same  time  that  this  curious  mass  of  false  philosophy  was 
given  to  the  world,  Galileo  was  engaged  in  the  application  of  the  tele- 
scope. Galileo  was  born  in  1564,  at  the  age  of  seventeen  was  sent  to 
study  medicine  at  the  University  of  Pisa.  During  his  residence  at  Pisa 
he  discovered  the  isochronism  of  the  pendulum.  In  1586  he  wrote  an 
Essay  on  the  Hydrostatic  Balance,  which,  however,  was  not  published 
till  1615.  In  1588  his  work  on  the  Centre  of  Gravity  of  Bodies  was 
written,  and  in  the  following  year  he  became  professor  of  mathematics 
at  Pisa,  and  made  his  celebrated  experiments  on  falling  bodies  during 
three  following  years.  In  1609  Galileo  invented  the  telescope,  and  in 
the  following  year  discovered  the  satellites  of  Jupiter,  Saturn's  Ring,  and 
the  phases  of  Venus.  In  March,  1611,  he  detected  the  solar  spots.  His 
important  "  Dialogue  on  the  Ptolemaic  and  Copemician  Systems  "  was 
published  in  1632;  the  general  results  of  the  publication  of  this  work, 
are  too  well  known  to  need  any  discussion  here.  The  seventeenth  cen- 
tury was  altogether  so  brilliant  in  scientific  discovery,  that  it  may  safety 
be  said  that  no  former  or  succeeding  century  has  given  birth  to  so  many 
results.  Neither  in  any  single  century  have  there  been  such  a  multitude 
of  great  scientific  men:  Francis  Bacon,  Galileo,  Torricelli,  Pascal,  Boyle, 
Huyghens,  Hooke,  Descartes,  Newton,  Halley,  Marriotte,  Gassendi, 
Wren.  Wallis,  Otto  von  Guericke,  Sturm,  and  Mayow,  all  belong  to 
this  period. 

The  century  is  further  notable  for  the  establishment  of  scientific  socie- 
ties. The  first  scientific  society  was  established  in  the  middle  of  the 
fifteenth  century,  and  was  called  the  "Academy  of  the  Secrets  of  Nature." 
It  consisted  solely  of  men  who  had  made  some  discovery  in  physical 
science.    From  the  name  of  the  society,  it  came  to  be  believed  that  magic 
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and  illicit  arte  were  practised  at  the  meetings  of  the  members,  and  it  was 
dissolved  by  P.  Paul  111.  The  Accademia  del  Cimento  was  founded 
in  1657  in  Florence  by  Duke  Leopold  of  Tuscany.  It  was  the  first 
scientific  society  of  importance,  and  had  for  its  object  the  trial  of  experi- 
ments, to  the  exclusion  of  theoretical  matter.  It  unfortunately  lasted 
only  ten  years,  but  during  that  time  a  number  of  important  experiments 
(chiefly  relating  to  pneumatics)  were  made,  and  the  academy  has  left  us 
a  volume  of  "  Natural  Experiments,"  which  is  of  much  interest  even  in 
the  present  day,  and  has  been  more  than  once  reprinted.  The  Royal 
Society  of  London  was  founded  in  1660,  and  the  Academie  des  Sciences 
of  Paris  in  1666. 

The  discoveries  of  this  century,  and  of  the  succeeding  and  present 
periods,  will  be  found  in  the  following  pages,  and  we  may  here  end  our 
brief  and  somewhat  desultory  survey  of  the  science  of  earlier  ages  The 
investigations  of  the  natural  philosophers  of  the  seventeenth  century 
form  in  many  instances  the  basis  of  the  several  sciences  discussed  here- 
after; and  we  recognize  several  of  the  names  mentioned  above,  even  in 
the  direct  form  of  headings  to  articles,  such  as  "  Boyle's  Lawf  "New- 
ton's Ringsj'  etc 

It  may  be  interesting,  in  concluding  this  section,  to  glance  at  the  two 
first  complete  text-books  of  experimental  science  which  appeared  in 
Europe.  They  were  published  during  the  first  half  of  the  eighteenth 
century,  and  were  both  written  by  Leyden  professors.  The  first  is  the 
Phy sices  Elementa  Mathematica  Experiments  Confirmaia  of  G.  J. 
s'Oravesande ;  the  second  the  Elementa  Chemim  of  Hermann  Boerhaave. 
The  former  was  published  in  1720,  and  in  1742  had  reached  a  third 
edition  (fc4duplo  auctior").  It  consists  of  two  quarto  volumes,  contain- 
ing 1073  pages  and  127  full-page  plates.  The  following  amounts  of  space 
are  given  to  the  various  sciences:  statics  and  dynamics,  399  pages; 
hydrostatics,  47;  hydrodynamics,  121;  pneumatics,  57;  acoustics,  24; 
heat,  31 ;  electricity,  14 ;  light,  228 ;  and  astronomy,  140  pages.  The 
plates  are  admirable,  and  clearly  indicate  that  the  apparatus  of  the  period 
was  of  a  very  elaborate  character.  The  Elementa  Chemise  was  published 
in  1732,  and  was  by  far  the  most  extensive  and  complete  work  on  chemistry 
which  had,  up  to  that  time,  appeared.  It  is  divided  into  u  The  History 
of  Chemistry ;"  u  The  Theory  of  Chemistry ;"  "  The  Processes  or  Opera- 
tions of  the  Art."  In  that  portion  of  the  work,  to  which  the  general 
title  of  theory  of  chemistry  is  given,  we  find  as  full  an  account  as  was 
then  possible  of  the  metals,  of  salts,  of  acids,  of  fire,  water,  air,  earth, 
of  various  solvents,  etc.  Thus  the  first  two  great  scientific  text-books 
were  the  work  of  Leyden  professors,  and  the  University  soon  acquired 
such  renown  that  students  flocked  to  it  from  all  parts  of  Europe.  From 
the  time  of  its  foundation  it  has  been  one  of  the  principle  homes  of 
science,  and  a  number  of  important  discoveries  have  been  made  by  its 
members.  Niebuhr  has  well  remarked  that  perhaps  no  locality  in  Europe 
is  so  memorable  in  the  history  of  physical  science  as  Leyden. 

Of  the  age  of  the  various  Physical  Sciences. 

Astronomy  is  undoubtedly  the  most  ancient  of  the  sciences.  An 
observational  must  ever  precede  an  experimental  science ;  and  when,  as 
in  this  case,  observation  is  stimulated  by  the  beauty  and  ever-presence 
of  the  objects  of  study,  and  by  the  desire  to  comprehend  the  nature  of 
the  mysterious  and  the  unknown,  we  can  quite  understand  why  the  con- 
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world.  He  must  therefore  examine  an  experiment  with  extreme  scrupu- 
losity before  be  admits  it  as  absolute ;  his  mind  must  be  fortified  by 
legitimate  modes  of  operation  suitable  for  such  studies  ;  and  every  influ- 
encing cause  must  be  eliminated  before  the  commencement  of  a  precise 
deduction.  He  may  use  theory  for  marshalling  troops  of  experimental 
results,  but  it  is  to  be  remembered  that  a  bad  general  may  cause  the  best 
soldiers  to  lose  a  battle.  The  true  student  of  science  is  penetrated  by 
au  intense  desire  for  truth,  by  a  fervid  spirit  of  inquiry.  He  knows  not 
whither  he  is  going,  but  be  sees  before  him  dimly  and  in  the  distance  a 
clear  and  divine  light — the  "lumen  siccumac  purum  notiorum  verarum." 
To  attain  this  he  directs  all  his  efforts,  devotes  all  bis  life.  The  search 
for  it  induces  the  Astronomer  to  "  outwatch  the  Bear,"  to  pass  a  lifetime 
in  tracking  stars  through  the  boundless  space;  and  the  Physicist  to 
devise  exquisite  tortures  to  bend  stubborn  matter  to  his  will,  and  compel 
it  to  disclose  its  inmost  secrets. 

The  tendency  of  the  earlier  systems  of  physical  philosophy  was  to 
super-naturalize  natural  actions;  the  tendency  of  modern  physical  phi- 
losophy is  to  force  into  the  phenomenal  world  that  which  must  ever  be 
ultra-  phenomenal. 

The  older  writers  on  Physical  Science  delighted  in  symbolical  designs, 
in  which  the  forces  of  Nature  were  represented  each  at  his  appointed  work, 
and  above  all  they  placed  a  cloud,  from  which  issued  the  hand  of  God 
directing  the  several  agents  of  the  universe, and  introducing  harmony  into 
their  various  actions.  Thus,  too,  the  true  son  of  science,  while  he  is  filled 
with  awe  and  wonder  at  the  glory  and  the  immensity  of  creation,  should 
ever  bethink  turn  of  the  great  First  Cause. 

G.  F.  RODWELL. 


Sir  baao  Hmrtofc 


DICTIONAKY  OF  SCIENCE. 


ABERRATION. 

Aberration.  {Ah,  from;  and  m»,  to  wander.)  A  term  employed  In  optica 
to  designate  the  unequal  deviation  of  rays  of  light  when  refracted  by  a  lens,  of 
reflected  from  a  concave  mirror.  There  are  two  kinds  of  aberration,  viz.,  Chromatic 
Aberration,  {x^iux,  color),  or  aberration  of  refrangibility,  and  Spherical  Aberra- 
tion. There  is  also  in  astronomy  the  Aberration  of  the  celestial  bodies,  commonly 
(but  less  correctly)  termed  the  Aberration  of  light. 

Aberration,  Chromatic :  or,  Aberration  of  refrangibility.  A  convex  lens 
may  be  regarded  as  a  number  of  prisma  having  their  bases  in  contact  Hence, 
when  a  sheaf  of  rays  of  whit*  light  passes  through  it,  tho  rays  not  only  undergo 
refraction,  but  also  decomposition,  and  since  the  variously  colored  rays  into  which 
white  liprbt  is  split  op  by  a  prism,  possess  different  refrangibilities,  it  follows  that 
when  light  is  converged  a;  a  convex  lens  it  is  refracted  to  different  foci.  The  violet 
rays,  being  the  most  refrangible,  form  a  focus  nearest  to  the  lens  ;  while  the  red  rays, 
be'in  j;  the  least  refrangible,  for*  a  focus  furthest  from  the  lens.  Thug  in  place  of 
one  focus  there  are,  in  reality,  an  almost  infinite  number,  viz.,  one  for  each  of  the 
differently  refracted  rays,  and  in  the  order  of  violet,  indigo,  bine,  green,  yellow, 
orange,  red.  Hence  the  rays  do  not  meet  at  the  same  focus  of  the  lens ;  and  this 
deviation  of  the  foci  is  called  the  chromatic  aberration  of  a  lens.    See  also  Bit- 

Aberration  of  the  Celestial  Bodies,  commonly  (bat  less  correctly)  termed  the 
Aberration  of  hight.  In  astronomy,  an  apparent  displacement  of  a  celestial  object, 
due  to  the  progressive  motion  of  lignt  Aberration  is  caused  in  two  ways — first  by 
the  orbital  motion  of  the  earth,  and,  secondly,  by  the  motion  of  the  observed  celes- 
tial objects. 

Aberration  of  the  former  kind  was  first  recognized  by  Molyneui  and  Bradley, 

a  (in 
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and  first  interpreted  by  the  latter  astronomer.  In  1725  these  astronomers  com- 
menced a  series  of  observations  of  the  star  y  Draconis  for  the  purpose  of  detecting 
signs  of  an  apparent  displacement  due  to  the  earth's  orbital  motion.  They  presently 
began  to  recognize  a  displacement  different  in  character  from  that  which  tney  were 
searchiug  for,  and  further  remarkable  on  account  of  its  extent.  They  found  that  in 
March  the  star  was  no  less  than  a  third  of  a  minute  of  arc,  south  of  its  mean  place, 
and  in  September  as  far  to  the  north.  After  several  fruitless  attempts  to  solve  the 
meaning  of  this  peculiarity,  Bradley  began  a  series  of  independent  researches  upon 
other  stars.  He  recognized  before  long  this  general  rule,  that  each  star  is  most  dis- 
placed towards  the  north  when  it  crosses  the  meridian  at  about  six  o'clock  in  the 
evening,  and  most  displaced  towards  the  south  when  it  crosses  the  meridian  at  about 
six  o'clock  in  the  morning.  The  explanation  of  this  phenomenon  remained  for  some 
time  unrecognized  by  Bradley.  But  he  noticed,  one  day,  while  in  a  small  vessel 
which  was  sailing  up  and  down  a  sheet  of  water,  that  a  vane  at  the  mast-head  con- 
stantly varied  in  its  indications  as  the  ship  changed  her  course.  He  presently  recog- 
nized the  cause  of  this,  in  the  circumstance  that  the.  motion  of  the  ship  on  one  or 
another  course  affected  the  direction  from  which  the  wind  seemed  to  blow,  causing 
the  wind,  in  fact,  to  seem  always  to  come  from  a  point  -nearer  that  towards  which 
the  ship  was  steering  than  was  actually  the  case.  He  was  thus  led  to  associate  the 
phenomenon  with  that  which  he  had  observed  among  the  stars.  Regarding  the  earth 
as  in  a  sense  resembling  the  moving  vessel,  and  the  light  from  the  stars  as  compar- 
able with  the  wind,  he  reasoned  that  if  only  the  earth's  motion  bears  an  appreciable 
relation  to  the  velocity  of  light,  we  ought  to  expect  that  the  rays  from  a  star  would 
seem  to  come  from  a  point  nearer  than  is  actually  the  case  to  that  point  on  the 
heavens  towards  which  the  earth's  course  is  directed.  The  phenomenon  he  had  ob- 
served corresponded  exactly  with  this  explanation.  The  change  of  place  due  to  the 
velocity  of  light  estimated  from  the  eclipses  of  Jupiter's  satellites,  corresponded 
within  the  limits  of  observational  error,  with  the  observed  changes  in  the  apparent 
positions  of  the  fixed  stars. 

It  follows  from  a  consideration  of  the  earth's  path  that  each  star  appears  to  de- 
scribe a  small  ellipse  about  its  true  place.  This  fact  is  of  great  importance  in  its 
direct  bearing  on  observational  astronomy ;  but  it  is  perhaps  even  more  important 
on  account  of  the  evidence  it  supplies  as  to  the  motion  of  the  earth.  Every  star 
becomes  an  independent  witness  or  the  truth  of  the  Copernican  theory. 

Since  the  aberration  of  the  celestial  bodies  depends  on  the  ratio  between  the 
velocity  of  light  and  the  earth's  motion,  its  effects  only  vary  according  to  the 
position  of  the  observed  object,  not  according  to  the  distance  or  motions  of  that  object. 
The  moon  is  the  only  celestial  body  which  is  not  affected  by  this  form  of  aberration. 

The  maximum  effect  of  aberration,  or  as  it  is  called,  the  constant  of  aberration, 
is  a  displacement  by  about  20£  seconds  of  arc.  This  is  the  displacement  of  a  celes- 
tial object  when  the  earth's  motion  takes  place  in  a  direction  at  right  angles  to  the 
line  of  sight.  As  the  earth  must  twice  in  the  year  move  at  right  angles  to  the  line 
of  sight  to  any  star,  however  that  star  be  placed,  every  star,  twice  in  the  year, 
exhibits  a  displacement  by  this  amount.  A  star  at  the  pole  of  the  ecliptic  exhibits 
this  displacement  at  all  times,  and  thus  appears  to  describe  a  small  circle  around  its 
true  place.  A  star  on  the  ecliptic  appears  twice  in  the  year  in  its  true  place,  viz., 
when  the  earth  is  moving  exactly  from  or  towards  it.  Such  a  star  appears  to  travel 
backwards  and  forwards  along  a  straight  line  40  §  seconds  in  length,  All  other  stars 
appear  to  describe  ellipses  having  a  major  axis  of  this  length. 

Aberration  of  the  second  class  depends  on  the  distances  and  motions  of  the  ob- 
served objects.  We  see  each  celestial  object  not  m  it  is  at  the  moment,  but  as  it 
was  when  the  light  by  which  we  see  it  first  set  out.  Thus  we  see  the  moon  at  any 
moment  in  the  position  she  really  occupied  1J  seconds  before;  and  we  see  a  fixed 
star  in  the  position  it  really  occupied  several  years  before.  In  the  one  instance 
there  is  a  small  displacement,  in  the  other  it  is  one  which  (though  apparently  small) 
must  be  estimated  in  reality  by  hundreds  of  millions  of  miles.  Between  these  limits 
lie  the  displacements  of  the  planets.  The  sun  alone  is'  unaffected  by  this  sort  of 
aberration. 

There  is  a  small  apparent  displacement  of  all  celestial  objects  due  to  the  earth's 
rotation  on  her  axis.     It  is  called  the  diurnal  aberration. 

There  is  an  aberration  of  the  fixed  stars  due  to  the  sun's  proper  motion  in  space, 
since  this  motion  bears  an  appreciable  relation  to  the  velocity  of  light.    Sir  John 
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Herschel  has  pointed  oat  that  by  observing  the  gradual  change  of  this  form  of 
aberration  (which,  while  constant,  is  wholly  undistinguishable),  it  may  one  day  be 
possible  not  only  to  supply  a  new  proof  of  the  sun's  proper  motion,  but  to  determine 
the  shape  of  the  orbit  in  which  the  sun  is  travelling. 

Aberration,  Spherical.  Lenses  and  mirrors  are  usually  ground  with  spherical 
surfaces,  and  so  long  as  the  aperture  does  not  exceed  8  or  10  degrees,  the  rays 
of  homogeneous  light  refracted  or  reflected  by  different  parts  of  them  meet  prac- 
tically at  the  same  focus  of  the  lens  or  mirror.  But  as  the  aperture  of  a  sphe- 
rical mirror  increases,  the  rays  reflected  from  the  edges  cross  each  other  at  a  point 
on  the  axis  nearer  to  the  mirror  than  those  which  are  reflected  from  portions  oi  the 
mirror  near  its  centre.  Thus  the  rays  are  deviated  from  the  true  focus  of  the  mirror. 
Again,  with  regard  to  spherical  lenses  of  large  aperture,  the  rays  which  pass  through 
the  lens,  near  its  circumference,  are  refracted  to  a  point  nearer  to  the  lens  than 
those  which  pass  through  its  central  portion.  In  the  case  of  mirrors  this  deviation 
of  light  from  the  focus  is  called  spherical  aberration  by  reflection  ;  while  in  the 
case  of  lenses  it  is  called  spherical  aberration  by  refraction.  It  may  be  remedied 
by  giving  lenses  and  mirrors  parabolic  surfaces,  a  plan  which  is  almost  invariably 
followed  in  the  construction  of  specula  for  astronomical  purposes. 

Abslnthin.  The  bitter  principle  of  wormwood  {Artemisia  absinthium),  For- 
mula Ol6Ha05.  It  forms  a  nard  crystalline  mass,  having  an  extremely  bitter  taste ; 
it  is  very  soluble  in  alcohol,  and  but  slightly  so  in  water. 

Absolute  Brightness.  An  expression  used  by  astronomers  to  distinguish  be- 
tween the  total  amount  of  light  received  from  a  celestial  body  and  the  intrinsic 
lustre  of  the  body's  surface.  Thus  the  absolute  brightness  of  Jupiter  would  be 
spoken  of  as  nearly  equalling  that  of  Venus  and  surpassing  that  of  Sirius,  though 
the  intrinsic  brilliancy  of  Jupiter's  light  is  far  less  than  that  of  Venus,  and  not 
comparable  with  the  sun-like  intrinsic  brilliancy  of  the  light  of  Sirius. 

AoSOlnte  Photometer.     See  Photometry. 

Absolute  Temperatures.  (Absolut us  ;  perfect,  complete.)  Temperatures  taken 
from  the  absolute  zero  of  temperature  are  termed  absolute  temperatures,  and  are  ob- 
tained by  adding  458  to  the  temperature  on  the  Fahrenheit  scale,  and  273  to  the 
temperature  on  the  Centigrade  scale. 

Absolute  Zero  of  Temperature.  When  gases  are  heated  they  expand  T|5th 
of  their  volume  for  one  degree  Fahrenheit,  and  y+jd  of  their  volume  for  one  decree 
Centigrade  at  zero.  It  has  been  surmised  by  many  physicists — among  them 
Clerk  Maxwell,  and  Clausius — that  as  heat  increases  the  elasticity  of  gases,  it 
actually  produces  that  elasticity;  that,  in  a  word,  it  is  the  motion  we  call  heat, 
associated,  with  the  molecules  of  a  gas,  which  causes  the  gas  to  exert  pressure ; 
and  as  the  molecules  vibrate  backwards  and  forwards,  striking  the  sides  of  the 
containing  envelope,  they  produce  pressure,  which  increases  with  the  increase  of 
their  own  motion  by  additional  increments  of  heat.  The  absolute  zero  of  tempera- 
ture is  the  absolute  zero  of  gaseous  tension,  at  which  a  gas,  if  it  could  then  exist  as 
such,  would  possess  no  elastic  force,  exert  no  pressure,  have  no  molecular  motion 
whatever.  As  1°  C.  of  heat  added,  increases  tne  elasticity  of  a  gas  by  ^s^  °f  *t8 
Tolume,  and  each  degree  C.  abstracted  diminishes  the  volume  by  7jy,  it  is  obvious 
that  if  the  law  be  true  at  all  temperatures,  at  — 273°  C.  no  further  contraction  is 
possible,  and  hence  no  more  heat  could  be  abstracted ;  in  fact,  the  volume  of  a  gas 
would  cease  to  exist.  Hence,  if  we  could  continue  to  withdraw  heat  until  we  reached 
273P  C.  (or  490°  F.)  below  the  freezing  temperature  of  water,  we  should  arrive  at 
the  absolute  zero,  at  which  matter  would  be  lifeless  and  inert,  and  incapable  of 
responding  to,  or  assimilating,  any  form  of  motion  which,  under  other  conditions, 
would  influence  its  molecules.  We  have  never  been  able  to  produce  a  degree  of 
cold  approaching  the  absolute  zero  of  gaseous  tension.    See  also  Temperature. 

Absorption  of  Color.    See  Color,  Absorption  of. 

Absorption,  Elective.    See  Elective  Absorption  of  Light. 

Absorption  of  Oases  by  Solids  and  Liquids.    See  Gases,  Absorption  of 

Absorption  of  Heat.  (Ab,  from ;  sorbeo,  to  suck  in.)  In  the  seventeenth  cen- 
tury Mariotte  and  Hooke  discovered  that  glass  absorbs  a  certain  amount  of  radiant 
heat.  M.  de  la  Roche,  in  1812,  found  that  radiant  heat,  which  has  passed  through 
glass,  has  lost  the  rays  which  glass  most  readily  intercepts,  and  that  as  the  tem- 
perature of  the  radiating  source  rises,  the  heat  emitted  passes  through  glass  with 
greater  facility.    Kobili  and  Melloni  worked  together  on  the  subject  of  radiant 
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heat.  The  former  invented  the  thermopile,  while  the  latteT  adapted  it  for  purposes 
of  investigation,  and  made  the  important  discovery  that  rock-salt  scarcely  exercises 
any  absorptive  power  upon  any  kind  of  heat.  His  results  were  published  in  a  treatise 
entitled,  "  La  Thermochrose,  on  la  Coloration  Calorifiqne,"  which  has  formed  the 
basis  of  exact  investigations  connected  with  radiant  heat.  Under  the  heading, 
Diathermancy j  we  have  given  a  table  of  some  of  Melloni's  results,  which  shows  the 
transmission  of  radiant  heat  by  certain  solids.  The  absorption  is  given  by  subtract- 
ing the  transmission  from  100.  A  selective  absorption  is  exercised  by  bodies  for 
heat,  that  is  to  say,  certain  heat  rays  are  absorbed  while  others  are  transmitted ; 
certain  substances  absorb  nearly  all  the  heat  which  falls  upon  them,  and  others,  like 
rock-salt,  absorb  scarcely  any.  In  the  case  of  liquids  the  variation  is  nearly  as  great 
as  in  that  of  solids :  thus,  according  to  Mclloni,  bisulphide  of  carbon  transmits  63  per 
cent  of  the  heat  of  an  Argand  burner,  while  olive  oil  transmits  30  per  cent.,  and 
water  11.  Bodies  which  absorb  radiant  heat  actually  stop  the  heat  waves,  and 
assimilate  the  motion  which  they  convey ;  thus  the  temperature  of  the  absorbing 
body  is  raised. 

In  examining  the  absorption  of  heat  by  liquids,  Melloni  employed  an  Argand  lamp, 
with  a  glass  chimney,  as  a  source  of  heat,  and  placed  the  liquids  to  be  examined  m 
glass  cells.  But  glass  absorbs  a  great  number  of  heat  rays,  particularly  of  those 
emitted  by  a  non-luminous  source;  hence  Melloni's  results  cannot  be  considered 
accurate.  Tyndall,  in  repeating  some  of  these  experiments,  employed  cells  of  rock- 
salt  to  contain  the  liquids,  and  a  spiral  of  platinum  wire  raised  to  a  red  heat  by  an 
electric  current  as  the  source  of  heat.  The  following  are  some  of  his  results,  with 
different  thicknesses  of  various  liquids : — 


Absorption  op  Heat  by  Liquids  ( Tyndall). 

of  Liquidi. 

Thickvbu  of  Liquids  nr  pasts  of  ah 

Ikch. 

5nn 

0.02 

0.04 

0.07 

0.14 

0.27 

Bisulphide  of  carbon 
Benxol  . 

...... 

66 
16  6 

43.4 
63.3 

8.4 
25.0 
46.6 
60.7 
65.7 
65.2 
73  5 
740 
76.3 
78.6 
86.1 

.2.5 
85.0 
63.3 
60.0 
62.6 
73.6 
76  1 
78.0 
79.0 
83.6 
88. 8 

lo.S 

40.0 
65.2 
690 
71.5 
77.7 
786 
82.0 
84  0 
&S.3 
91.0 

17  3 
44  8 
68.6 
71.5 
73  8 
82.3 

Acetlo  ether . 

Alcohol . 
Water  . 

•  •  ■  • 

67.3 
SO.  7 

85  2 
86.1 
87.0 
89.1 
91.0 

These  numbers  express  the  percentage  of  absorbed  rays ;  thus,  a  layer  of  bisulphide 
of  carbon  of  0.14  incn  thickness  absorbs  15.2,  and  transmits  84.8  of  every  100  incident 
rays,  while  benzol,  in  a  layer  of  the  same  thickness,  absorbs  71.5,  and  transmits  28.5 
per  cent  Water  is  seen  to  absorb  more  heat  than  any  substance  in  the  table.  The 
absorption  of  heat  by  the  vapors  of  these  same  liquids  was  next  tried,  and  the  order 
of  absorption  was  found  to  be  the  same  when  the  source  of  heat  was  the  same,  and 
the  quantitv  of  matter  in  each  condition  equal.  "  We  may,"  writes  Tyndall,  "  safely 
infer  that  the  position  of  a  vapor,  as  an  absorber  or  radiator,  is  determined  by  that 
of  the  liquid  from  which  it  is  derived." 

Until  recently,  it  was  believed  that  gases  and  vapors  exercise  no  absorptive  power 
upon  radiant  heat.  It  was  thought,  as  the  molecules  which  compose  matter  in  the 
gaseous  condition  are  so  infinitely  further  apart  than  those  of  solids  and  liquids,  that 
no  hindrance  could  be  offered  to  the  passage  of  the  motion  of  the  ether  known  as 
radiant  heat.  This,  however,  has  been  disproved,  and  Tyndall  (to  whom  we  owe 
nearly  the  entire  treatment  of  this  branch  of  the  subject),  has  shown  that  gases  and 
vapors  exercise  very  considerable  power  upon  radiant  heat.  It  will  be  well,  before 
we  speak  of  the  results  obtained,  to  indicate  the  general  nature  of  the  apparatus 
employed,  but  as  it  is  somewhat  complex,  those  who  are  specially  interested  in  the 
subject,  may  preferably  read  the  detailed  description  given  in  the  "  Philosophical 
Transactions/1  or  in  Professor  Tyndall's  book  on  "  Heat  considered  as  a  Mode  of 
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Motion."  The  main  features  of  the  apparatus  are,  a  tube  of  brass  or  glass,  called 
the  experimented  tube,  capable  of  being  exhausted,  and  in  connection  with  a 
barometer  tube,  so  that  a  gas  or  vapor  of  any  known  pressure  may  be  introduced. 
This  tube  is  closed  air-tight  with  plates  of  polished  rock-salt.  In  front  of  one  end 
of  the  tube,  a  cube  containing  boiling  water  is  placed,  and  at  the  other  extremity  a 
thermo-electric  pile  fitted  with  two  cones,  one  being  exactly  opposite  the  rock-salt 
plate  which  closes  that  end  of  tube,  and  the  other  opposite  a  second  cube  filled  with 
water  kept  boiling.  Thus  there  are  two  equal  sources  of  heat  which  radiate  heat 
upon  the  opposite  faces  of  the  thermopile,  the  rays  from  one  of  which  pass  through 
the  experimental  tube,  containing  the  gas  or  vapor  to  be  examined,  before  falling 
upon  tne  pile.  These  sources  of  heat  are  arranged  in  such  a  manner  that  they 
exactly  neutralize  each  other,  and  the  needle  of  the  galvanometer  which  indicates 
the  amount  of  heating,  stands  at  zero.  If  now  a  gas  be  admitted  into  the  tube,  an 
inequality  will  be  produced ;  if  it  absorbs  some  of  the  heat  radiated  from  the  cube 
Dearest  to  it,  it  is  obvious  that  the  other  source  of  heat  will  predominate,  and  a 
deflection  of  the  needle  of  the  galvanometer  will  result,  showing  an  unequal  heating 
of  the  opposite  faces  of  the  thermopile.  By  experiments  on  olefiant  gas  at  small 
pressures,  Tyndall  found  that  "  when  very  small  quantities  of  gas  are  employed,  the 
absorption  is  sensibly  proportional  to  the  density."  The  following  table  shows  the 
relative  absorptions  of  various  gases,  at  the  ordinary  atmospheric  pressure  (30 
inches  of  mercury),  and  at  one-thirtieth  of  that  pressure  (1  inch  of  mercury).  In 
the  case  of  gases  which  readily  absorb  heat,  nearly  the  whole  absorption  takes  place 
in  the  portion  of  gas  which  first  enters  the  experimental  tube ;  hence,  by  diminishing 
the  pressure  of  gas,  the  relative  absorptions  present  wide  differences,  as  we  see  in  the 
second  column. 

Absorption  of  Heat  by  Gases  ( TyndaXT). 


BlLATIYS  ABSORPTION. 

Relative  Absoxptiow 

Hams  of  Gas. 

Kami  of  Gas. 

At  SO  Inches 

At  1  Inch 

At  30  inches 

At  1  Inch 

pressure. 

preatmre. 

pressure. 

pressure. 

Air        .... 

Oxygen 
Hitrogen       • 
Hydrogen 
Chlorine 

Hydrochloric  acid 
Carbonic  oxide    . 

1 
1 
1 
1 

39 
62 
90 

1 
1 
1 
1 

GO 
160 
700 

Carbonic  acid     . 
Nitrous  oxide 
Sulphide  of  hydrogen 
Sulphurous  acid . 
Oleflant  gas 
Ammonia    . 

90 
355 
300 
710 
970 
1195 

972 
1860 
2100 
6480 
6030 
6460 

We  thus  see  that  ammonia  absorbs  no  less  than  54G0  times  as  much  heat  as  air, 
at  a  pressure  of  one  inch  of  mercury.  The  first  four  gases  absorb  scarcely  any  heat ; 
in  fact,  as  Tyndall  expresses  it,  they  act  practically  as  a  vacuum  towards  radiant 
heat ;  their  action  is  almost  a  vanishing  quantity.  The  comparison  of  simple  with 
compound  bodies  presents  curious  results;  the  absorption  of  chlorine  is  60  times  that 
of  hydrogen  at  1-inch  pressure,  but  the  absorption  of  hydrochloric  acid  (which  is 
composed  of  equal  volumes  of  hydrogen  and  chlorine  chemically  combined)  is  160; 
therefore  the  compound  molecule  intercepts  more  heat,  or  stops  more  motion,  than 
either  of  the  single  molecules. 

In  the  case  of  vapors  the  experimental  tube  was  exhausted,  and  a  small  flask 
containing  the  volatile  liquid  was  then  placed  in  communication  with  the  tube,  until 
the  desired  pressure  was  obtained.  In  the  following  table  the  pressures  were  respec- 
tively 0.1, 0.5,  and  1  inch  of  mercury,  and  the  numbers  are  referred  to  the  absorption 
of  30  inches  (1  atmosphere)  of  dry  air ;  thus  y^th  of  an  inch  of  bisulphide  of  carbon 
vapor  absorbs  fifteen  times  as  much  heat  as  air  at  the  ordinary  pressure ;  while  i  an 
inch  of  chloroform  absorb^  182  times  as  much,  and  1  inch  of  acetic  ether  no  less  than 
1195  times  as  much. 
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Absorption  op  Heat  bt  Vapors  ( TyndaH). 


PBK8SUEE8. 

Nambs  of  Vapom. 

PhBWUKM 

. 

Nambs  of  Vapom. 

0.1  In. 

0.5  in. 

1.0  in. 

0.1  In. 

0.5  in. 

1.0  in. 

Blftnlphlde  of  cfirboa   . 
Iodide  of  methyl      .    . 

Mfithylic  alcohol .    .    . 

Iff 
85 
66 
85 
109 
182 

47 
147 
182 
182 
390 
635 

62 
242 
267 
236 
690 
623 

{  Snlphnric  ether .    .    . 

Formic  ether .... 
Acetic  ether  .... 
Propionate  of  ethyl    . 
Boracicacid  .... 

300 
325 

480 
090 
696 
620 

710 
622 
870 
980 
970 

•  •  • 

870 

...» 
1075 
1195 

•  •  •  • 

•  ••• 

Tyndall  also  tried  the  absorptive  power  of  various  perfumes  for  radiant  heat,  and 
found,  among  other  results,  that  an  iufinitely  small  amount  of  the  vapor  of  otto  of 
roses  absorbs  36  times  as  much  heat  as  air,  while  spikenard  absorbs  355  times  as 
much.  The  action  of  ozone  upon  radiant  heat  is  very  marked  ;  it  absorbs  powerfully, 
and  is  to  be  placed  beside  olefiant  gas  and  the  other  substances,  near  the  bottom  of 
the  tables  given  above. 

According  to  Tyndall  aqueous  vapor  is  a  powerful  absorber  of  heat.  The  aqueous 
vapor  in  the  atmosphere  was  found  to  absorb  72  times  as  much  heat  as  dry  air, 
itself,  and  in  an  atmosphere  in  which  many  persons  are  breathing,  it  is  at  least  80. 
"Looking  at  the  single  atoms,"  writes  Tyndall,  "for  every  200  of  oxygen  and 
nitrogen  there  is  about  1  of  aqueous  vapor.  This  1  is  80  times  more  powerful  than 
the  200,  and  hence,  comparing  a  single  atom  of  oxygen  or  nitrogen  with  a  single 
atom  of  aqueous  vapor,  we  may  infer  that  the  action  of  the  latter  is  16,000  times 
that  of  the  former/'  The  effects  of  this  result  on  certain  meteorological  phenomena 
will  be  noticed  elsewhere.  See  also  Diathermancy  ;  Dynamic  Heating  of  Gases, 
"^Absorption  of  Light.  All  transparent  bodies  absorb  light  in  a  more  or  less 
degree.  It  is  very  seldom  that  all  colors  are  absorbed  uniformly.  A  selective 
absorption  usually  takes  place.  Thus  considerable  thicknesses  of  the  purest  water 
show  a  greenish  color;  glass  6hows  a  bluish-green  color;  air,  a  reddish  color. 
Colored  glasses  absorb  certain  portions  of  the  spectrum  and  allow  others  to  pass. 
The  incandescent  atmosphere  surrounding  the  sun  and  fixed  stars  absorbs  an  innu- 
merable numbers  of  rays  of  light,  forming  what  are  called  the  fixed  lines  of  the 
spectrum.  The  varying  absorptive  actions  which  bodies  exert  upon  light  cause 
variations  of  transparency  aud  opacity.  See  Atmospheric  Lines  of  the  Spectrum  ; 
Color,  Absorption  of;  Colors  of  Bodies;  Blood,  Absorption  Lines  in  ;  Spectrum. 

Absorption  of  Light  by  Double  Refracting  Crystals.    See  Dichroism. 

Absorption  Lines  of  Spectra.  Certain  transparent  substances  are  opaque  to 
certain  colored  rays  of  light,  and  when  they  are  interposed  in  the  path  of  a  ray  of 
white  light  which  is  afterwards  submitted  to  prismatic  analysis,  this  opacity  causes 
gaps  to  be  observed  in  the  spectrum.  Some  minerals,  such  as  the  jargon,  parisite ; 
some  crystallized  bodies,  such  as  salts  of  didymium,  erbium,  uranium,  etc. ;  many 
metallic  solutions,  and  a  few  gases  and  vapors,  produce  absorption  lines  of  great 
sharpness,  forming  systems  of  more  or  less  complexity.  Other  substances  do  not 
produce  sharply  defined  black  lines  across  the  spectrum,  but  carve  out  bands  having 
an  indistinct  outline.  The  absorption  bands  of  blood  and  many  organic  coloring 
matters  are  of  this  class.  See  Absorption  Lines  of  Opals;  Absorption  Spectra; 
Blood,  Absorption  Lines  in  ;  Spectrum. 

Absorption  Lines  of  Opals.  When  opals  are  examined  in  the  spectroscope 
or  spectrum  microscope  they  occasionally  show  absorption  bands  crossing  tlie 
spectrum  diagonally  or  in  zigzag  paths.  Examined  in  the  binocular  spectrum 
microscope  the  bands  sometimes  have  a  spiral  structure  in  relief,  moving  along  the 
spectrum  and  rolling  over  on  the  axis  as  the  opal  is  moved  across  the  field  of  view. 
The  explanation  of  these  phenomena  is  probably  as  follows :  In  the  case  of  the  moving 
line,  the  lightemitting  plane  in  the  opal  is  somewhat  broad  and  has  the  property  or 
giving  out  at  one  end,  along  its  whole  height,  and  for  a  width  equal  to  the  breadth 
of  the  band,  say,  red  light ;  this  merges  gradually  into  a  space  emitting  orange,  and 
so  on  throughout  the  entire  length  of  the  spectrum,  or  through  that  portion  of  it 
which  is  traversed  by  the  moving  line  in  the  instrument ;  the  successive  pencils  (or 
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rather  ribbons)  of  emitting  light  passing  through  all  degrees  of  refrangibility.  It 
is  evident  that  if  this  opal  is  slowly  passed  across  the  slit  of  the  spectrum  microscope 
the  slit  will  be  successively  illuminated  with  light  of  gradually  increasing  refrangi- 
bility,  and  the  appearance  of  a  moving  luminous  line  will  be  produced;  and  if 
transmitted  light  is  used  for  illumination  the  reversal  of  the  phenomena  will  cause 
the  production  of  a  black  ^ine  moving  along  a  colored  field.  A  diagonal  line  will  be 
produced  if  an  opal  of  this  character  is  examined  in  a  sloping  position.  See  Opals, 
Optical  Phenomena  of;  also  Proceedings  of  the  Royal  Society,  1869,  p.  448. 

Absorption  Spectra.  The  system  of  lines  which  certain  substances  produce  when 
the  spectrum  is  viewed  through  them  is  called  the  absorption  spectrum.  In  many 
caaes  these  systems  are  suHcicntly  marked  to  be  used  as  a  test  for  recognizing  the 
presence  of  these  substances.  See  Absorption  of  Light ;  Spectrum;  Spectrum 
Analysis. 

Acceleration.  (Acceleration  from  ad  and  eelero,  to  hasten;  xtXKftv,  to  drive, 
move.)  The  rate  of  variation  of  the  velocity  of  a  moving  point  or  body.  It  may 
be  uniform  or  variable.  When  the  velocity  receives  equal  increments  in  equal 
times  the  acceleration  is  said  to  be  uniform,  and  is  then  the  increase  of  velocity  in  a 
second  of  time.  Suppose,  for  example,  that  a  body  is  in  motion  under  the  action  of  a 
force  producing  a  uniform  acceleration,  and  suppose  that  the  velocity  at  one  instant 
be  found  to  be  30  feet  per  second,  and  one  second  later  45  feet  per  second,  the  increase 
of  velocity,  or  15  feet  per  second,  is  the  acceleration. 

Acceleration  is  variable  when  the  velocity  does  not  receive  equal  increments  in 
equal  times.  The  acceleration  at  any  instant  is  then  measured  by  the  velocity  which 
would  be  generated  in  a  second  if  the  acceleration  remained  constant  during  the 
second.  I£  for  instance,  a  body  be  moving  at  the  rate  of  30  feet  per  second,  and  its 
velocity  be  increasing  at  that  instant  so  that  if  the  rate  of  increase  be  preserved  for 
a  second  the  velocity  will  be  45  feet  per  second,  then  the  acceleration  is  15  feet  per 
second.  There  may  be  forces  in  action  which  will  increase  or  diminish  the  rate  of 
variation  of  the  velocity,  so  that  at  the  end  of  the  second  it  will  not  really  be  45 
feet ;  nevertheless  the  acceleration  at  the  particular  instant  considered  is  15  feet  per 
second. 

It  is  frequently  convenient  to  consider  the  whole  velocity  as  made  up  of  two  com- 
ponent velocities,  and  in  the  same  way  the  whole  acceleration  may  be  supposed  to 
result  from  two  component  accelerations.  When,  for  instance,  a  body  moves  in  a 
curved  path,  it  is  frequently  convenient  to  cousider  the  acceleration  along  the  radius 
vector  and  perpendicular  to  it;  or  along  the  normal  and  along  the  tangent.  When  a 
point  moves  in  a  circle,  the  normal  acceleration  is  found  by  dividing  the  square  of 
the  velocity  by  the  radius  of  the  circle.  From  the  second  and  third  laws  of  motion 
when  pressure  produces  the  motion  of  a  body  the  greater  the  pressure  the  greater 
the  acceleration,  and  the  greater  the  mass  moved  the  less  the  acceleration.  The 
simplest  case  of  a  force  producing  a  uniform  acceleration  is  that  afforded  by  the 
action  of  the  earth  on  falling  bodies.  (See  Fallina  Bodies.)  The  increase  of 
velocity  in  this  case  is  proportional  to  the  time  and  nearly  equal  to  32.2  feet  per 
second. 

Acceleration  of  the  Fixed  Stars.  The  rate  of  the  stars'  apparent  diurnal  motion 
is  slightly  greater  than  that  of  the  sun's,  because  the  sun's  apparent  yearly  motion 
takes  place  (though  much  more  slowly)  in  a  direction  contrary  to  that  of  his  appa- 
rent daily  motion.  Compared  with  the  sun  the  stars  thus  seem  to  gain  about  3m. 
568.  each  day,  coming  by  that  interval  earlier  and  earlier  each  successive  day,  to 
the  meridian.    This  apparent  gain  is  called  their  acceleration. 

Acceleration  Of  tne  Moon;  or,  Acceleration  of  the  Moon* s  Mean  Motion. 
One  of  the  most  interesting  peculiarities  of  the  lunar  motions.  It  was  noticed1 
by  Halley,  that  when  ancient  eclipses  are  compared  with  modern  lunar  observations, 
the  moon  is  found  to  be  moving  faster  now  on  her  course  round  the  earth  than  in 
former  times.  The  explanation  of  this  peculiarity  was  for  a  long  time  sought  for 
unsuccessfully  by  the  leading  professors  of  the  Newtonian  system  of  astronomy ;  indeed 
it  may  be  said  even  now,  that  the  acceleration  of  the  moon  is  a  problem  but  partially 
solved.  We  owe  to  Laplace  the  first  successful  attempt  to  resolve  the  difficulty. 
He  showed  that  the  moon's  motion  undergoes  an  acceleration  through  the  slow 
process  of  diminution  which  the  eccentricity  of  the  earth's  orbit  is  undergoing.  Owing 
to  this  change,  there  results  (on  the  whole)  a  slight  diminution  of  the  sun's  influence 
upon  the  moon's  motions.    The  influence  of  the  earth  being  thus  iucreased,  the  same 


24  #      ACCIDENTAL. ACETATES. 

effect  accrues  as  would  follow  from  a  slight  increase  in  the  earth's  mass ;  in  other 
words,  a  slight  decrease  in  the  moon's  period  of  revolution.  It  has  recently  been 
shown  by  Fro  feasor  Adams,  that  Laplace  overestimated  the  effect  of  this  variation 
in  the  figure  of  the  earth's  orbit ;  ana  that,  instead  of  accounting  for  the  acceleration 
actually  observed,  as  Laplace  supposed,  it  accounts  for  barely  one  half  of  that 
acceleration.  It  is  the  remaining  half  which  remains  unexplained.  Delaunay  refers 
it  to  a  retardation  of  the  earth's  motion  of  rotation,  caused  by  the  influence  of  the 
tidal  wave  raised  by  the  moon ;  but  no  satisfactory  answer  has  yet  been  given  to  the 
question  how  far  this  cause  is  capable  of  accounting  for  the  actual  value  of  the 
outstanding  balances  of  retardation. 

Accidental  Colon.  When  the  eye  has  looked  at  an  intense  color  for  some 
time,  it  appears  to  become  tired  and  incapable  of  appreciating  that  particular 
color  as  readily  as  it  can  do  other  colors.  Thus,  if  a  red  wafer  is  looked  at  steadily 
for  a  few  minutes,  and  the  eye  is  then  suddenly  turned  to  a  sheet  of  white  paper, 
the  portion  of  the  retina  on  which  the  red  image  formerly  fell  being  partially  tired 
by  the  red  rays,  will  not  appreciate  that  componeut  of  the  white  light  reflected  from 
the  paper  so  easily  as  it  will  the  other  colors.  A  greenish  patch  will  therefore  be 
observed  on  the  paper.  This  is  called  an  accidental  color,  and  the  image  is  called 
an  ocular  spectrum.  The  accidental  color  of  the  ocular  spectrum  is  always  comple- 
mentary to  the  real  color.     See  Ocular  Spectrum. 

Accumulated  Force.  (Accumulo,  to  heap  up;  Cumulus,  a  heap.)  The 
power  of  a  moving  body  to  overcome  resistance.  When  a  force  acts  on  a  body 
so  as  to  produce  its  motion,  the  force  must  be  in  excess  of  the  resistances  to  the 
motion,  consequently  power  is  imparted  to  the  body  at  each  instant,  which  is  not 
absorbed  by  the  resistances ;  this  power  is  called  the  accumulated  force.  The  mea- 
sure of  the  power  thus  developed  is  the  measure  of  the  capacity  of  the  moving  mass 
to  overcome  any  additional  resistance  which  may  be  opposed  to  it ;  thus  the  accu- 
mulated force  at  any  instant  is  measured  by  the  momentum  of  the  moving  body. 
The  efficacy  of  hammers,  pile-driving  machines,  fly-wheels,  and  similar  contrivances, 
depends  on  accumulated  force.    See  Momentum. 

Aoetal.  A  colorless  liquid,  having  an  agreeable  and  refreshing  odor,  prepared 
by  the  imperfect  oxidation  of  alcohol  by  means  of  platinum  black ;  or  by  distillation 
with  sulphuric  acid  and  oxide  of  manganese.  Its  formula  is  C6Hu02 ;  its  specific 
gravity  is  0.821 ;  it  boils  at  105°  C.  (221°  F.),  and  does  not  alter  by  exposure  to  the 
air.    Vapor  density  =4.141. 

Acetates.  Combinations  of  acetic  acid  with  a  base  are  called  acetates.  They 
are  all  soluble  in  water,  and  for  the  most  part  crystallize  readily.  The  following 
are  the  most  important  acetates :  Acetate  of  Aluminium. — This  salt  only  exists  in 
solution,  being  decomposed  by  evaporation;  it  is  supposed  to  have  the  formula 
(C,H30A,.A12.    It  is  largely  used  in  dyeing  and  calico  printing  as  a  mordant,  and  is 

Srepared  by  precipitating  alum  with  acetate  of  lead,  sulphate  of  lead  being  thrown 
own,  and  a  mixture  of  acetate  of  aluminium  and  sulphate  of  potassium  remaining 
in  solution.  Acetate  of  Ammonium. — The  neutral  acetate  is  a  white  crystalline 
salt  of  the  formula  C2H302.NH4.  It  is  readily  soluble  in  water  and  alcohol,  and 
evolves  ammonia  on  evaporation,  so  that  it  is  difficult  to  obtain  pure  and  crystalline ; 
its  solution  is  known  in  pharmacy  as  Spiritus  Minder eri.  Acetate  of  Copper. — 
Copper  forms  several  acetates ;  the  normal  salt  is  known  as  crystallized  verdigris. 
It  forms  dark  bluish-green  prismatic  crystals,  which  are  efflorescent  and  very  poison- 
ous ;  its  formula  is  C2H3OaCu.  There  are  three  basic  acetates  of  copper,  named 
respectively  the  sesqui-basic,  of  the  formula  (C-Hs02Cu)4.CutO ;  the  di-basic 
(C^H302Cu)rCu„0 ;  the  tri-basic  CJH302Cu.Cu20.  These  are  all  contained  in  com- 
mon  verdigris,  which  is  largely  used  both  as  a  pigment  and  as  a  mordant  in  dyeing  •; 
it  is  obtained  by  submitting  metallic  copper  to  the  joint  action  of  air  and  the  vapors  of 
acetic  acid.  Blue  verdigris  is  almost  pure  di-basic  acetate  of  copper,  and  green 
verdigris  consists  almost  entirely  of  sesqui-basic  acetate  of  copper.  Aceto-arsenite 
of  Copper. — A  beautiful,  but  very  poisonous  green  pigment,  known  in  commerce  as 
Arsenic  green,  Schweinfurt  green  and  Imperial  green  ;  its  formula  is  CjHjO.Co. 
3  As  OjCu.  It  is  prepared  by  boiling  verdigris  and  arsenious  acid  together.  It  is 
insoluble  in  water.  Acetate  of  Iron. — Iron  forms  two  acetates ;  the  only  one  of 
interest,  however,  is  the  ferric  acetate,  which  is  generally  prepared  by  mixing  per- 
sulphate of  iron  with  acetate  of  lead.  It  has  not  been  obtained  in  the  crystalline 
state,  but  forms  a  red-brown  solution,  which  decomposes  on  ebullition.    A  very 
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credo  mixture  of  the  ferrous  and  the  ferric  acetate,  known  as  pyrolignite  of  iron,  ia 
largely  used  as  a  mordant  in  dyeing  black.  Acetate  of  Lead. — Lead  forms  a  nor- 
mal, and  several  basic  acetates.  Normal  acetate  of  lead  (known  also  as  sugar  of 
lead)  ia  a  white  crystalline  salt,  having  a  sweet  astringent  taste,  and  being  very 
poisonous.  Its  formnla  is  C,H,0,Pb.  When  oxide  of  lead  is  digested  with  a  solu- 
tion of  the  normal  acetate,  the  tri-basic  acetate  is  formed  in  long  silky  needles.  A 
solution  of  this  salt  is  frequently  used  on  account  of  its  property  of  precipitating' 
many  vegetable  substances,  such  as  gums  and  coloring  matters.  It  is  used  in  medi- 
cine under  the  name  of  Goulard  Water.  Acetate  of  Potassium  ((I,H,07K),  is  a 
very  difficultly  crystalline  Bait,  deliquescent  and  melting  to  a  limpid  liquid  below 
redness.  It  exists  in  the  juices  of  many  plants,  and  is  prepared  artificially  by  neu- 
tralizing acetic  acid  with  carbonate  of  potassium.  Acetate  of  Silver.— This  salt  ia 
the  least  soluble  of  the  normal  acetates,  requiring  100  parts  of  cold  water  to  dis- 
solve it ;  it  can  therefore  be  prepared  by  adding  nitrate  of  silver  to  acetate  of  potas- 
sium, both  in  strong  solution ;  it  then  falls  down  as  a  white  crystalline  precipitate. 
Its  formula  ia  C,H,0- Ag.  Acetate  of  Sodium  ((J,H,0,Na),  an  efflorescent  crys- 
talline salt,  prepared  by  saturating  acetic  acid  with  carbonate  of  sodium.  On  eva- 
poration it  separates  in  large  transparent  prisms. 

Acetdo  Add.  (Acetum,  vinegar.)  An  acid  which  exists  naturally  in  the 
juices  of  several  trees.  It  is,  however,  almost  always  prepared  artificially  either  by 
fermentation  of  spirit,  or  by  the  destructive  distillation  of  wood.  In  the  former 
case  the  alcohol  absorbs  atmospheric  oxygen  under  the  influence  of  a  ferment,  and  ia 
converted  into  acetic  acid.  In  this  state  it  is  called  vinegar ;  distilled  vinegar  being 
the  same  liquid  deprived  of  its  non-volatile  and  coloring  matters.  Acetic  acid  ia 
generally  prepared  from  the  sour  liquid,  obtained  when  wood  is  submitted  to  distil- 
lation, known  as  pyroligneous  acid.  The  crude  liquid  is  purified  by  saturation  with 
a  base  and  re-distillation  with  an  acid.  The  pure  acetic  acid  when  free  from  water 
has  the  composition  C,HtO,,  its  specific  gravity  is  1.0635.  At  ordinary  temperature 
it  ia  solid  and  crystalline,  and  is  known  as  glacial  acetic  acid.  It  solidifies  at  about 
60°  F.,  and  boils  at  246°  F.  It  has  a  very  pungent  sour  taste  and  odor,  and  blisters 
the  skin.  Its  vapor  is  inflammable.  It  saturates  bases,  forming  salts  which  are 
generally  well  crystallized.     (See  Acetates.) 

Acetic  Ether :  or,  Acetate  of  Ethyl.  A  colorless  liquid  having  a  pleasant  ethe- 
real odor  strongly  resembling  that  of  apples ;  its  specific  gravity  is  0.932,  it  boils 
at  166°  F.  Its  composition  is  C,H,Oj.C,Ils.  It  is  formed  by  distilling  acetate 
of  sodium,  alcohol,  and  sulphuric  acid.  It  ia  analogous  to  a  metallic  acetate,  the 
metal  of  which  ia  replaced  by  ethyl. 
•Acetone,  A  colorless. 
an  acetate.  Its'  formula  ii 
and  teste  resembling  that  of  peppermint;  it  evaporates  quickly,  producing  great 
reduction  of  temperature.  Its  specific  gravity  is  0.792.  The  term  Acetone  or 
Ketone  ia  one  applied  to  a  class  of  bodies  composed  of  an  acid-radical  united  with 
an  alcohol-radical ;  thus  ordinary  acetone  is  methyl-acetyi.  The  following  is  a  list 
of  the  Acetones  or  Ketones  at  present  known  j- 


Methyl-acetyl  (acetone), 

Methyl-bntyryl 

Ethyl -prop  ionyl  (propione), 
Ethyl-butyryl,    .... 

Methyl-valyl 

Trityl-butyry!  (butyrone),  . 
Hethyl-cenanthy],    '  . 
Tetryl-valyl  (valerone), 
Amyi-capronyl  (capronone), 
Heptyl-capryl  (caprylone), . 
Octyl-pelargonyl  (pelargonone), . 

Louronc, 

Hyristone, 

Falmitone  or  margarone,    . 
Stearone, 


CH,.Cjr,0 
CH.C.H.O 
C.H..C,H.O 

r;n,  ,Cj  i.o 

CIIX.II.,0 
C,II,.C.H.O 

cii,.c,ii„o 

C.H..C.H0 

C.II11.C,H110 
C-Hls.C„Hl,0 

c,h17.c.ii,:o 

CuH_.CJrLO 

C,.H„.C„lCO 

c.,n„.cirir;o 

C„H14.CM,HltO 


Aeetyline.     A  gaseous  hydro-carbon  of  the  composition  C,ITr    It  is  a  con- 
■tituent  of  coal-gas,  and  may  be  formed  amongst  other  ways  by  the  direct  union  of 
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carbon  and  hydrogen  at  the  high  temperature  of  the  electric  spark.  It  is  a  color- 
less gas,  slightly  soluble  in  water,  burning  with  a  bright  smoky  flame.  Its  specific 
gravity  is  0.92.  When  passed  into  ammoniaeal  solutions  containing  copper  or  silver, 
it  unites  with  these  metals,  forming  insoluble  acetylides,  which  when  dry  explode 
violently  on  the  application  of  heat. 

Achernar.  (Arabic.)  A  fine  star  in  the  southern  heavens,  the  chief  brilliant 
of  the  constellation  Eridanus.    It  does  not  rise  above  the  horizon  of  London. 

Achromatic  Prism.  Under  the  head  of  achromatism  we  have  explained  how 
it  is  possible  to  obtain  refraction  without  dispersion  by  placing  together  two  lenses 
of  different  kinds  of  glass.  By  taking  prisms  of  flint  and  crown  glass  of  such 
angles  that  the  dispersions  are  alike,  and  then  placing  them  together  reversed,  the 
pencil  of  light  refracted  and  dispersed  in  one  direction  by  the  flint  glass  will  be 
refracted  and  dispersed  in  the  opposite  direction  by  the  crown  glass.  The  disper- 
sions being  equal  in  amount  will  neutralize  each  other,  but  the  refractions  being 
different  there  will  be  a  balance  of  one  over  the  other,  and  the  result  will  be  refrac- 
tion without  any  prismatic  decomposition  of  light.     (See  Achromatism.) 

Achromatic  Telescope.  A  telescope,  the  object-glass  of  which  is  rendered  achro- 
matic (see  Achromatism).  Achromatic  telescopes  are  now  universally  employed, 
except  when  reflecting  specula  are  used.  One  of  the  best  treatises  on  the  gene* 
ral  principles  of  the  achromatic  telescope  is  by  William  Simms,  F.R.S.  (The 
Achromatic  Telescope,  London.)  See  also  articles  on  this  subject  in  NichoFs 
Physical  Sciences.  We  have  made  use  of  these  in  the  following  details :  In  the 
larger  sized  telescopes  for  astronomical  purposes  the  body  is  usually  of  one  tube.  In 
the  smaller  ones  it  is  formed  of  several  tubes  sliding  within  each  other  for  the  sake 
of  portability ;  this  form  is  applicable  only  to  pocket  telescopes  used  for  terrestrial 
purposes,  in  which  small  deviations  from  straightness  will  not  sensibly  impair  the 
performance  of  the  instrument;  but  such  a  construction  is  wholly  inapplicable 
to  more  powerful  telescopes,  for  which  the  tubes  cannot  be  too  rigid,  flexure  derang- 
ing the  concentric  positions  of  the  included  lenses,  and  therefore  injuring  the  effect. 
Several  rings  or  stops  are  placed  within  the  body  of  the  telescope ;  they  serve  the 
twofold  purpose  of  strengthening  the  tube,  and  of  cutting  off  all  extraneous  light 
which,  if  admitted,  would  diffuse  a  foggy  or  nebulous  appearance  over  the  whole 
field  of  view,  and  interfere  greatly  with  distinctness.  These  stops  have  holes  of 
such  diameters,  and  are  arranged  at  such  distances,  that  the  light  is  limited  to  the 
cone  of  rays  converged  by  the  object-glass.  Care,  however,  must  be  taken  that  the 
effective  aperture  of  the  object-glass  is  not  lessened  by  them,  or  the  advantage  of 
the  larger  instrument  will  be  lost.  This  may  be  proved  by  looking  through  from 
the  eye-end  of  the  telescope,  without  an  eye-piece,  the  eye  being  in  or  near  the  focus 
of  the  object-glass,  under  which  circumstances  the  whole  of  the  object-glass  should 
be  seen,  but  all  parts  of  the  intervening  tube  should  be  concealed.  The  stops,  and 
also  the  inside  of  the  tube,  as  far  as  practicable  at  all  events,  near  the  object-end 
should  be  covered  with  a  dull  black  pigment,  in  order  that  no  light  may  be  reflected 
in  any  direction  within  the  tube.  Ihe  performance  of  a  telescope  depends,  in  no 
small  degree,  on  the  accuracy  of  every  part  of  the  work ;  the  tubes  should  be 
straight,  and  the  joints  and  cells  very  carefully  turned  and  fitted ;  for  if  these  pre- 
cautions be  not  used,  the  lenses  will  not  have  a  common  axis,  a  condition  indispen- 
sable to  anything  like  a  satisfactory  effect.  The  fitting  and  fixing  of  an  object-glass 
within  its  cell  is  an  operation  which  requires  a  great  deal  of  experience.  The 
lenses  must  not  be  so  loosely  held  as  to  be  at  liberty  to  change  their  positions, 
neither  must  they  be  so  tightly  fixed  as  to  incur  the  smallest  risk  of  being  beut  or 
pinched,  either  by  the  screwing  of  the  object-cell  into  the  object-end  of  the  tube,  by 
contraction  of  the  cell  in  cold  weather,  or  by  any  other  cause.  The  effect  of  con- 
traction of  the  cell  in  cold  weather,  for  example,  is  a  circumstance  which  requires  a 
special  provision  in  telescopes  of  large  aperture ;  for  if  the  cell  were  made  so  large, 
that  it  could  not  pinch  the  glass  in  extreme  cold,  it  would  be  improperly  loose  pt 
the  temperature  01  our  warmest  seasons.  It  is  necessary  to  warn  tne  inexperienced 
observer,  who  may  find  himself  under  the  necessity  of  removing  his  object-glass 
from  the  cell  for  the  purpose  of  cleaning,  that  care  must  be  taken  to  replace  the 
lenses  in  all  respects  as  they  were  left  by  the  optician.  The  same  sides  of  tne  lenses 
must  be  in  contact  with  each  other,  and  the  same  face  turned  toward  the  object : — 
an  error  in  either  of  these  respects  will  totally  spoil  the  performance  of  the  object- 
glass.    Except  in  cases  of  necessity  an  object-glass  should  never  be  removed  from 
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its  cell.  The  only  reasonable  excuse  for  doing  bo  is,  the  removal  of  moisture  which 
may  have  accidentally  penetrated  between  the  glasses ;  and  when  this  has  really 
occurred,  inasmuch  as  its  effect  will  be  to  produce  a  permanent  stain,  and,  in  some 
degree,  to  impair  the  brilliancy  of  the  instrument,  the  sooner  it  is  wiped  off  the 
better.  The  heavy  flint-glass,  which  has  a  large  quantity  of  lead  in  its  composition, 
is  peculiarly  susceptible  in  this  respect,  so  much  so  in  some  specimens,  that  exposure 
for  a  short  time  to  a  moist  atmosphere,  more  especially  if  it  be  charged  with  any 
appreciable  quantity  of  sulphuretted  hydrogen,  produces  rapid  decomposition  of  the 
polished  surface.  A  soft  silk  handkerchief,  or  a  carefully-chosen  piece  of  chamois 
leather,  may,  perhaps,  be  most  safely  used  for  wiping  the  surfaces  of  an  object-glass ; 
and  the  application  of  a  few  drops  of  alcohol  will  assist  in  removing  any  impurities 
that  adhere  to  the  surfaces  of  the  lenses.  When  nothing  but  loose  particles  of  dust 
require  to  be  removed,  a  soft  camel's  hair  brush  is  by  far  the  best  instrument  for  the 
purpose.  Necessary,  however,  as  an  observer  may  find  it,  in  the  event  of  an  acci- 
aeut,  to  meddle  with  his  object-glass,  it  is  much  better,  if  possible,  to  avoid  doing  so 
altogether,  and  to  this  end  the  utmost  care  should  be  taken  to  keep  it  out  of  the 
reach  of  dust  or  moisture.  A  telescope  used  at  night  in  the  open  air  should  be 
furnished  with  a  dew-cap,  which  is  a  cylinder  of  metal,  black  within  and  bright 
without,  and  made  to  fit  upon  the  objected  of  the  telescope,  its  length  varying  from 
8  to  18  inches,  according  to  the  aperture  of  the  glass.  This,  under  ordinary  circum- 
stances, will  prove  a  sufficient  defence  In  testing  the  quality  of  an  object-glass  the 
considerations  especially  to  be  attended  to  are  the  purity  of  the  material  and  the 
correction  of  the  two  kinds  of  aberration,  the  spherical  and  the  chromatic.  It  will, 
of  course,  be  obvious  that  in  addition  to  these  matters,  good  workmanship  in  the 
formation  of  the  curves,  and  judicious  mounting  and  adjustment  within  the  cell,  are 
conditions  indispensable  to  fine  peformance ;  for  even  with  good  materials,  and  due 
attention  to  theory,  it  is  impossible  to  produce  a  good  object-glass  without  a  com- 
petent degree  of  practical  skill  in  working  and  mounting  the  lenses  of  which  it  is 
composed.  Some  judgment  as  to  the  purity  of  the  glass  may  be  formed  in  the  fol- 
lowing manner :  Direct  the  telescope  to  the  moon's  limb,  or  to  the  planet  Jupiter. 
Take  out  the  eye-piece,  and  place  the  eye  in  or  near  the  focus  of  the  object-glass. 
Then  if  the  eye  be  moved  about  so  that  the  patch  of  light,  with  which  the  object- 
glass  appears  partly  filled,  be  made  to  pass  and  repass  slowly  across  its  surface,  any 
irregular  refractions,  and  especially  the  presence  of  veins,  will  be  immediately 
detected.  With  regard  to  the  spherical  and  chromatic  aberrations,  the  extent  to 
which  the  first  has  been  eliminated,  will  be  shown  by  the  permanence  of  the  focus, 
whether  the  image  be  formed  by  the  centre  or  by  the  circumference  of  the  object-glass ; 
and  the  last  by  the  absence  of  the  more  brilliant  colors  of  the  spectrum ;  for  a 
perfect  reunion  of  all  the  colors  is  in  general  unattainable.  For  the  adjustment  of 
an  object-glass,  an  artificial  star,  formed  by  the  sun's  image  reflected  from  a  polished 
hemisphere  of  dark  colored  glass,  or  the  ball  of  a  broken  thermometer  tube  placed 
at  any  convenient  distance,  say  from  thirty  to  sixty  yards,  is  an  excellent  ooject ; 
so  likewise  is  a  small  circular  white  disk  upon  a  black  ground.  The  image  should 
appear  sharp  and  well  defined,  and  if  on  being  put  a  little  out  of  focus,  the  enlarged 
disc  does  not  expand  equally  all  round,  but  presents  an  elongated  figure  in  one 
direction,  the  defect  is  generally  attributable  to  the  mounting — not  to  the  glass* — 
and  arises  from  the  object-end  being  tilted  upon  the  tube.  The  performance  of  a 
telescope  depends  more  upon  the  eye-piece  than  is  ordinarily  imagined.  A  bad  eye- 
piece will  undo  the  work  of  a  good  object-glass,  and  consequently  too  much  care 
cannot  be  used  in  making  a  selection.  The  loss  of  light  by  reflection  and  absorp- 
tion in  an  eye-piece  consisting  of  two  or  more  lenses  has  induced  some  observers  to 
give  the  preference  to  a  single  lens,  either  convex  or  concave ;  and  if  such  a  lens  be 
made  achromatic  one  very  serious  objection  to  its  use  is  to  a  great  extent  removed. 
There  will  remain,  however,  the  inconvenience  of  having  so  small  a  field  of  view  that 
the  working  of  a  telescope  with  such  an  eye-glass,  especially  if  it  have  any  high 
degree  of  magnifying  power,  is  troublesome  and  embarrassing  in  the  extreme.  The 
eye-piece  most  in  use,  and  altogether  best  adapted  for  astronomical  purposes,  is  the 
Huygenian  or  NegcUive  eye-piece  (which  see).  Eamsderis  or  the  Positive  eye- 
piece is  sometimes  used  for  micrometric  work,  and  the  Erecting  eye-piece  is  used 
for  terrestrial  telescopes.  The  way  in  which  a  telescope  is  mounted  is  by  no 
means  a  matter  of  indifference.  Many  first-rate  instruments  are  little  used  or 
used  to  no  good  purpose  for  want  of  being  firmly  supported  aud  fitted  with  such 
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mechanical  means  as  would  enable  the  observer  to  find  an  object  and  examine 
it  at  his  leisure.  The  different  forms  of  stand  arc :  The  pillar  and  claw  stand, 
for  telescopes  of  from  30  to  45  inches  focal  length.  This  stand  is  sometimes 
furnished  with  vertical  and  horizontal  rack -movements  giviug  slow  motions,  by 
means  of  which  the  observer  mav  follow  a  star  much  more  perfectly  and  with  greater 
facility  than  he  would  by  merely  pressing  the  telescope  forward  by  hand.  Larger 
telescopes  are  generally  mounted  equatorially,  or  as  meridian  instruments.  See 
Achromatism;  Eye-piece;  Negative  Eye-piece;  Positive  Eye-piece;  Object" 
glass:  Telescope;  Telescope,  Magnifying  power  of . 

Acnromatism.  (a,  without ;  gp^a,  color.)  It  has  been  found  that  prisms  of 
different  kinds  of  glass  cut  to  produce  spectra  of  the  same  length  refract  them 
differently ;  and  vice  versa,  when  cut  at  such  an  angle  that  they  have  the  same 
mean  refraction,  the  length  of  the  spectrum  or  dispersion  will  be  different  Now, 
if  a  prism  of  flint  glass  be  taken  it  will  produce  a  certain  amount  of  refraction  and 
of  dispersion,  and  if  a  similar  shaped  prism  of  the  same  glass  be  placed  behind  it, 
in  the  reverse  position,  the  refraction  and  dispersion  in  one  direction  by  the  first 

Srism  will  be  exactly  neutralized  by  the  refraction  and  dispersion  in  the  opposite 
irection  by  the  second  prism,  and  as  a  result  there  will  be  no  refraction  and  no 
color.  But  suppose  a  prism  of  crown  glass,  having  the  same  dispersion  as  the  one 
of  flint  glass,  be  placed  behind  the  latter  in  the  reverse  position,  the  two  dispersions 
being  opposite  and  equal  will  neutralize  each  other,  and  the  result  will  be  white 
light ;  but  the  mean  refractions  being  different  these  will  not  neutralize  each  other,  and 
the  beam  of  light  will  pass  through  free  from  color,  or  achromatic,  but  refracted 
more  or  less.  As  a  lens  may  be  looked  upon  as  a  combination  of  prisms  with  curved 
surfaces,  achromatic  lenses  may  be  produced  in  the  same  way  as  achromatic  prisms. 
Absolute  achromatism  is  impossible,  owing  to  the  spectra  from  different  dispersive 
media  not  having  an  exact  proportionality  to  one  another.  This  is  called  irration- 
ality of  dispersion.  It  may  fee  cured  in  some  degree  by  introducing  a  third  lens  of 
plate-glass  in  addition  to  the  flint  and  crown-glass  lenses.  An  under-corrected  lens 
is  one  in  which  the  correcting  lens  of  flint-glass  does  not  quite  accomplish  the  purpose, 
and  in  this  case  the  violet  ray  will  come  to  a  focus  a  little  within  the  red.  In  an  over- 
corrected  lens  the  error  is  of  the  opposite  kind,  and  the  order  of  colors  will  be  inverted. 

Aoid.  (Acidus,  sour.)  A  class  of  chemical  compounds  which  have  certain 
properties  in  common.  They  may  be  considered  as  salts,  of  the  metal  hydrogenium, 
or  hydrogen.  The  general  properties  of  the  most  important  acids  are,  solubility  in 
water ;  sour  taste ;  power  of  reddening  litmus ;  the  power  of  decomposing  carbonates 
with  effervescence;  the  power  of  neutralizing  alkalies  and  bases,  forming  salts. 
The  progress  of  modern  chemistry  is  gradually  rendering  the  term  acids  less  definite, 
and  it  is  not  improbable  that  it  will  be  dropped  altogether  in  strictly  scientific 
writing,  although  in  ordinary  chemical  language  it  will  be  retained  as  a  convenient 
term  for  expressing  a  very  wide  class  of  substances.  All  the  above  characteristics 
are  seldom  possessed  together,  many  acids  having  only  one  or  two  of  these  pro- 
perties, and  some  substances  which  are  not  acids  possessing  all  of  them.  Thus 
silicic  acid  is  not  soluble  in  water,  has  no  sour  taste,  and  does  not  redden  litmus. 
Perhaps  the  most  correct  definition  of  an  acid  is  that  of  a  salt  of  hydrogen,  capable 
of  forming  salts  with  other  bases ;  this,  however,  only  removes  the  difficulty  of 
defining  what  an  acid  is  to  the  equally  great  one  of  defining  what  is  a  salt  and  what 
is  a  base. 

Acidimetry.  (Acidust  fittptui,  to  measure.)  The  determination,  either  by  volu- 
metric analysis,  or  by  direct  weighing,  of  the  amount  of  real  acid  contained  in  acid 
solutions.  Suppose,  for  example,  we  require  dilute  sulphuric  acid ;  before  the  solu- 
tion can  be  used  with  any  certainty  in  many  processes,  it  is  necessary  to  know  the 
actual  amount  of  SO,  in  100  parts  of  the  hydrated  acid. 

Aclinic  Line.  (a  without;  xxu*>,  to  incline.)  Referring  to  Terrestrial  Mag- 
netism, the  aclinic  line  is  the  line  passing  through  all  the  points  on  the  earth's 
Burface  which  have  zero  magnetic  inclination  or  dip.  That  is  to  say,  the  points  at 
which  a  dipping  needle  assumes  a  horizontal  position.  (See  Dip,  Maqnetic.)  This 
line  is  also  called  the  Magnetic  Equator.  It  is  a  somewhat  sinuous  line ;  differing 
not  much  from  a  great  circle  of  the  earth ;  and  cutting  the  geographical  equator 
into  two  parts,  one  of  which  is  in  the  Atlantic  Ocean  near  the  west  coast  of  Africa, 
and  the  other  nearly  180°  distant  from  the  first.  At  these  points  the  aclinic  line  is 
inclined  to  the  geographical  equator  at  an  angle  of  about  12°,  lying  in  the  Eastern 
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hemisphere  to  the  north,  and  in  the  Western  to  the  south  of  it.    (See  Magnetism, 
Terrestrial.) 

Aoonitine.  The  active  principle  of  the  monkshood  (Aconitum  Napellus).  It 
is  difficult  to  obtain  crystalline,  but  generally  forms  a  white  pulverulent  or  compact 
vitreous  mass,  possessing  no  odor,  but  a  strong  bitter  taste ;  it  is  very  soluble  in 
alcohol,  less  so  in  water;  it  melts  at  176°  F.  The  solution  has  an  alkaline  reaction, 
and  neutralizes  acids,  forming  salts,  which  are  not  easy  to  crystallize.  Aconitine 
and  its  salts  are  intensely  poisonous. 

Acoustics,  (oxolu.  to  hear.)  Properly  the  science  of  hearing,  but  at  present  no 
distinction  is  made  between  the  science  of  sound  and  acoustics.    See  Sound. 

Acrolein.  A  colorless  mobile  liquid  lighter  than  water,  and  boiling  at  52°  0. 
(126  F.j.  It  possesses  a  highly  irritating  action  upon  the  eyes,  which  renders  working 
with  this  substance  almost  insupportable.  Formula,  C.H40.  It  is  readily  inflammable, 
dissolves  slightly  in  water,  and  is  a  product  of  the  destructive  distillation  of  fatty 
substances,  being  produced  from  the  glycerine  which  they  contain.  Oxidation  con- 
verts it  into  acrylic  acid,  C3H4Or 

Acronycal.  (oxpoj,  at  the  summit,  and  w|,  night.)  Sometimes,  but  incorrectly, 
written  achronical.  A  celestial  object  is  said  to  be  acronycal  when  it  is  oppo- 
site the  sun,  and  so  culminates  at  midnight.  When  a  star  rises  as  the  sun  sets,  it 
is  said  to  rise  acronycal ly ;  and  conversely,  to  set  acronycally,  when  it  sets  as  the 
sun  rises.  In  ancient  astronomy  three  different  modes  in  which  a  star's  rising  or 
setting  might  be  related  to  the  sun's,  were  recognized,  viz.,  the  acronycal,  the  cosmical, 
and  the  heliacal. 

Acrylic  Acid.    See  Acrolein. 

Actinic  Intensity  Of  Daylight.    See  Daylight,  Actinic  intensity  of. 

Actinism,  (forty,  a  ray.)  A  term  first  employed  by  Robert  Hunt,  to  exprers 
the  chemically  active  or  photographic  rays  of  light  When  a  solar  spectrum  is 
examined  by  appropriate  means  it  is  found  that  the  visible  portion  by  no  means 
constitutes  the  whole  of  it.  Beyond  the  red  end  the  heat  rays  extend,  whilst 
beyond  the  violet  the  spectrum  is  extended  for  a  considerable  distance,  consisting 
of  what  are  termed  the  actinic,  ultra-violet,  fluorescent,  photographic,  or  chemical  rays 
of  light.  When  a  solar  spectrum  of  considerable  purity  is  allowed  to  fall  on  a  sensitive 
photographic  plate  containing  iodide  of  silver,  no  effect  is  produced  by  the  ultra-red, 
the  red,  orange,  yellow,  green,  or  blue  rays ;  the  action  commences  at  about  the  fixed 
line  G,  and  continues  under  favorable  circumstances  of  atmospheric  transparency  to 
a  distance  exceeding  by  about  seven  times  the  visible  limits  of  the  solar  spectrum. 
This  photographic  impression  is  seen  to  be  furrowed  across  with  a  great  number  of 
lines  of  all  degrees  of  width,  sharpness,  and  intensity,  showing  that  the  fixed  lines 
of  the  spectrum  are  not  confined  to  the  visible  portion.  These  lines  can  also  be 
rendered  visible  by  receiving  the  spectrum  on  a  screen  of  some  fluorescent  substance 
(see  Fluorescence) ,  such  as  uranium-glass,  or  a  card  washed  over  with  sulphate  of 
quinine  solution.  There  is  no  sharp  distinction  between  these  actinic  rays  and  the 
risible  rays ;  in  fact,  the  violet  and  indigo  may  be  considered  both  light  and  actinism, 
in  the  same  way  as  the  extreme  red  rays  may  be  considered  as  light  and  heat. 
Although,  therefore,  the  term  actinism  is  not  accurate,  as  applied  to  a  portion  of 
the  spectrum,  it  is  a  very  convenient  expression  for  a  property  of  that  portion. 
(8ee  Spectrum;  Fluorescence.) 

Actwometer.  (oxftV,  a  ray,  and  ftftpao,  to  measure.)  An  instrument  for 
measuring  the  amount  or  intensity  of  the  actinic  or  chemical  rays  of  light.  Several 
contrivances  have  been  proposed  to  effect  this  object ;  thus  a  sensitive  surface  of 
chloride  of  silver  is  found  to  darken,  when  exposed  to  light,  in  proportion  to  the 
intensity  of  the  light  and  the  duration  of  exposure,  and  since  this  darkening  is 
produced  entirely  by  the  actinic  rays,  the  depth  of  tint  produced  by  (say)  five 
minutes9  exposure  will  give  an  approximate  idea  of  the  intensity  of  the  actinism 
present.  The  difficulty  in  this  case  is  to  prepare  chloride  of  silver  paper  which  shall 
always  have  the  same  amount  of  sensitiveness.  The  chemical  photometer  of  Pro- 
fessors Bunsen  and  Roscoe  (Phil.  Trans.,  1863,  p.  139),  is  based  upon  this  principle. 
Dr.  Draper  employed  for  this  purpose  the  reaction  originally  observed  by  Uay-Lussac 
and  Thtnard,  that  chlorine  and  hydrogen  when  mixed  in  equal  volumes  do  not  com- 
bine in  the  dark,  whilst  they  unite  to  form  hydrochloric  acid  when  exposed  to  the 
actinic  rays  of  light.  Draper  discovered  the  important  law  that  this  action  varies  in 
direct  proportion  to  the  actinic  intensity  of  the  light,  and  to  the  time  of  the  exposure. 
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Professors  Bunsen  and  Roscoe  have  devised  an  instrument,  which  they  call  the 
•'  Chlorine  and  Hydrogen  Chemical  Photometer,"  based  upon  this  principle,  and  by 
ascertaining  the  conditions  necessary  for  giving  accuracy,  they  nave  placed  the 
subject  of  the  measurement  of  the  chemical  action  of  light  upon  an  exact  scientific 
basis.  For  further  particulars  see  the  original  memoirs  of  these  chemists  (PhiL 
Trans.,  1857,  pp.  355,  381,  601 ;  1859,  p.  879 ;  1862,  p.  139).  Other  actinometers 
have  also  been  proposed,  based  upon  other  chemical  reactions ;  thus  a  solution  of 
chloride  of  gold  and  oxalic  acid  will  remain  clear  in  the  dark,  but  precipitates 
metallic  gold  when  exposed  to  the  actinic  rays.  Several  other  reactions  of  this 
kind  are  known  in  chemistry,  and  might  possibly  be  utilized.  (See  Actinism; 
Photometer.) 

The  term  actinometer  has  also  been  applied  to  a  thermometer  for  measuring  the 
heating  effect  of  direct  solar  rays.  One  of  these  consists  of  an  ordinary  mercurial 
thermometer,  with  a  large  bulb  and  an  open  scak  ;  observations  are  made  by  placing 
it  alternately  in  shade  and  in  sunshine  for  equal  intervals,  and  noticing  the  difference 
between  the  readings.  The  Rev.  G.  C.  Hodgkinson  has  described  (Pro.  R.  S.,  Jan. 
1867)  an  instrument  of  this  kind.  It  cannot  be  too  much  regretted  that  a  name 
whicn,  by  universal  consent,  has  hitherto  been  used  in  reference  to  the  chemical 
rays  of  light  should  be  applied  to  an  ordinary  thermometer. 

An  instrument  invented  in  1825  by  Sir  John  Herschel  for  measuring  the  intensity 
of  the  sun's  heat  was  the  first  to  receive  the  name  of  actinometer.  It  differs  from 
the  pyrheliometer  of  Pouillet,  in  the  mode  of  indicating  the  absorbed  heat,  the 
amount  of  which  is  shown  by  the  expansion  of  a  solution  of  ammonio-sulphate  of 
copper,  produced  by  the  action  of  the  sun's  rays  on  a  known  area  of  the  vessel 
containing  the  expanding  liquids.  The  results  obtained  by  Herschel  and  Pouillet, 
with  their  different  instruments,  agree  very  closely.  (See  also  Heat,  Sources  of; 
Pyrheliometer.) 

Action  and  Reaction.  In  mechanics,  the  effort  exerted  by  a  power  on  the 
body  on  which  it  acts.  Action  may  be  exerted  for  an  appreciable  tune,  as  in  the 
case  of  pressure,  or  for  an  indefinitely  short  instant  of  time,  as  in  the  case  of  percus- 
sion. Action  is  always  met  by  a  resistance  termed  a  reaction,  and  it  is  an  axiom  of 
mechanics  that  action  and  reaction  are  equal  and  opposite.  This  is  Newton'B  third 
law,  and  was  proved  by  him  by  many  experiments.  The  following  are  illustrations  of 
the  axiom :  When  a  weight  rests  on  a  table,  the  table  presses  against  the  weight  with 
a  force  equal  to  the  pressure  exerted  by  the  weight  on  the  table.  When  one  ball 
strikes  another,  the  force  with  which  the  second  tends  to  stop  the  first  is  equal  to 
that  with  which  the  first  tends  to  move  the  second. 

Adara.     (Arabic.)     The  star  <  of  the  constellation. Canis  Major. 

Adhesion.  (Adhcereo,  from  ad,  to,  and  hcereo,  to  stick.)  The  force  which  keeps 
the  particles  oi  unlike  bodies  in  the  same  relative  positions  with  regard  to  each 
other.  It  is  applied  to  the  union  of  dissimilar  bodies  only,  and  is  therefore  opposed 
to  cohesion,  which  is  the  force  existing  between  .particles  of  like  nature.  Thus  it  is 
the  force  of  cohesion  which  keeps  together  the  particles  of  a  piece  of  lead,  but  the 
force  of  adhesion  which  causes  two  plates  of  lead  and  tin  to  remain  together  after 
being  subjected  to  pressure.  When  solids  immersed  in  liquids  are  wetted  by  them, 
it  is  because  the  force  of  adhesion  between  the  solid  and  liquid  is  greater  than  the 
force  of  cohesion  between  the  particles  of  the  liquid  themselves.  Glass  plunged  into 
mercury  is  not  wetted,  there  being  no  force  of  adhesion  between  the  two  substances. 
When  the  adhering  liquid  solidifies  the  adhesion  is  greatly  strengthened.  This  is  the 
case  with  cements,  which  frequently  adhere  to  a  body  with  greater  force  than  the  force 
of  cohesion  with  which  the  particles  keep  together.  The  substances  used  as  cement 
present  various  gradations  of  adhesive  power,  and  are  usually  so  chosen  that  the 
forces  of  adhesion  and  cohesion  are  nearly  equal ;  thus,  glue  is  used  for  wood,  resinous 
materials  for  glass  or  china,  calcareous  matter  for  stone  or  brick.  Adhesion  between 
solids  is  one  of  the  causes  of  the  passive  resistance  known  as  friction.   (See  Friction.) 

Adhesion  is  promoted  by  liquidity,  so  that  very  many  liquids  freely  mix  with  oj 
dissolve  one  another.  In  the  case  of  the  more  viscous  liquids,  which  are  but  sparingly 
dissolved  by  water,  the  struggle  between  their  adhesion  to  water  and  the  cohesion 
of  their  particles  gives  rise  to  the  phenomena  known  as  Cohesion  Figures.  (See 
Cohesion  Figure*.}  Various  manifestations  of  adhesion  appear  in  capillary  attrac- 
tion, diffusion  of  liquids,  osmosis,  diffusion  of  gases,  etc.  (See  articles  on  those 
subjects — also  Cohesion,  Aggregation.) 
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Adhesion  between  Liquids  and  Solids.    It  is  observed  that,  when  certain 

solids,  such  as  clean  glass,  are  plunged  into  water,  the  horizontal  surface  of  the  water 
is  raised  in  the  neighborhood  of  the  glass,  and  reaches  some  distance  up  its  sides, 
forming  a  concave  curved  surface.  If  the  glass  be  coated  with  grease  before  being 
plunged  in  the  water,  the  water  is  no  longer  level  in  the  neighborhood  of  the  solid, 
it  curves  downwards  as  it  approaches  the  grease,  forming  a  convex  surface.  Again, 
if  a  piece  of  clean  platinum  be  plunged  into  mercury,  the  mercury  rises  up  the  side 
of  the  platinum  as  water  rises  up  the  side  of  the  glass.  And  if  glass  be  plunged 
into  mercury,  the  mercury  is  depressed  in  its  neighborhood,  as  was  the  water  in  that 
of  the  grease.  Accordingly,  whether  the  surface  of  the  liquid  in  the  neighborhood 
of  the  solid  be  convex  or  concave,  depends  upon  the  nature  of  the  liquid  and  of  the 
solid  which  are  in  contact.  Whenever  the  concave  surface  is  produced,  the  solid, 
when  withdrawn,  is  found  to  be  wetted  with  the  liquid.  Whenever  the  convex 
surface  is  observed,  the  solid,  when  withdrawn,  is  found  to  be  free  from  the  liquid. 
This  already  points  in  the  latter  case  of  the  superiority  of  the  cohesion  of  the  liquid 
over  the  adhesion  between  the  liquid  and  fcolid,  and,  in  the  former  case,  of  the 
superiority  of  the  mutual  adhesion  over  the  liquid's  cohesion.  This  is  clear  if  we 
consider  the  forces  at  work.  Imagine  the  liquid  to  be  horizontal.  The  cohesion  of 
the  liquid  will  tend  to  urge  it  to  assume  a  spherical  form,  that  is,  to  acquire  a 
rounded  edge,  to  assume  which  shape  it  must  leave  the  solid.  This  force  may  be 
represented  by  a  single  force,  C,  bisecting  the  angle  contaiued  between  the  surface 
of  liquid  and  the  immersed  wall  of  solid.  There  will  be  adhesion  in  the  region 
of  contact  which  will  be  exercised  with  equal  force,  A,  in  two  directions,  the  one 
bisecting  the  angle  between  the  projecting  surface  of  the  solid  and  the  continuation 
of  the  liquid  surface  (into  the  solid) ;  the  other,  at  right  angles  to  this,  bisecting  the 
continuation  of  the  liquid  surface  and  the  submerged  wall  of  solid.  The  vertically 
upward  and  downward  tendencies  of  the  two  forces,  A,  will  be  equal  and  opposite, 
and  they  therefore  may  be  neglected.  The  resultant  will  be  2  A  cos.  45^.  The 
horizontal  tendency  of  the  force  0  is  0  cos.  45°.  Therefore,  the  proportion  between 
the  tendency  towards  the  wall  (due  to  adhesion),  and  the  tendency  away  from  the 
wall  (due  to  cohesion),  is  that  or  2  A  to  C.  If,  therefore,  the  cohesion  is  more  than 
twice  as  great  as  the  adhesion,  the  former  will  prevail,  and  the  liquid  will  rise  up 
the  side  ol  the  containing  vessel.  If  the  cohesion  is  less  than  twice  as  great  as  the 
adhesion,  the  latter  will  prevail,  and  the  liquid*  in  the  neighborhood  of  contact  will 
be  rounded.  If  the  two  are  equal  (2  A=C),  a  perfectly  flat  liquid  surface  will  be 
preserved  up  to  the  solid.     (See  Capillarity.) 

Adipooere.  (Adeps,  fat,  and  cera,  wax.)  A  peculiar  fatty  substance,  resulting 
from  the  slow  decomposition  of  animal  matter  in  a  moist  locality.  It  consists  chiefly 
of  solid  fatty  acids.  Fourcroy  gave  an  account  in  1789  before  the  Academie  des 
Sciences  of  the  opening  of  a  grave  in  one  of  the  Paris  cemeteries,  in  which  he  found 
a  shrunk  body  in  various  parts  of  which  were  lumps  of  adipoccre. 

Adjusting  Screw.     (Adjustare,  from  ad,  and  Justus,  just,  right.)    See  Clamp. 

Adjutage.    A  tube  through  which  the  water  of  a  fountain  is  discharged. 

JRInpilfl.  (JEolus,  god  of  the  winds,  and  pilaf  a  ball.)  A  hollow  sphere  of 
metal,  furnished  with  a  tube  terminating  in  a  small  orifice.  When  water  is  intro- 
duced into  the  sphere,  and  it  is  placed  over  a  fire,  steam  is  formed,  and  rushes 
from  the  mouth  of  the  tube,  producing  a  more  or  less  violent  blast.  The  ancients, 
to  whom  the  selopile  was  well  known,  considered  that  the  water  was  converted  into 
air,  and  were  wont  to  illustrate  the  production  of  winds  by  the  above  means.  The 
ttlopile  was  much  used  during  the  early  period  of  scientific  research,  and  is  not 
unfrequently  mentioned  by  Robert  Boyle  (17th  century).  Perhaps  the  earliest 
mention  of  it  is  in  the  nvtv^atixa  of  Hero  of  Alexander. 

JEolian  Harp-  A  musical  instrument,  named  from  ^Eolus,  the  heathen  god  of 
winds,  in  consequence  of  its  music  being  produced  by  the  action  of  the  wind.  It 
consists  of  a  box  of  thin  deal,  of  a  length  equal  to  the  width  of  the  window  in  which 
it  is  to  be  placed,  its  depth  five  or  six  inches,  and  width  seven  or  eighth  inches. 
Along  the  top  of  the  box  a  variable  number  of  catgut  strings  are  fixed,  passing  over 
two  bridges  placed  transversely,  and  attached  to  pegs  at  each  end  of  the  box.  Thus 
the  strings  can  be  tuned  to  any  required  note ;  and  generally  all  are  tuned  to  the 
same  note.  When  the  instrument  is  placed  with  the  strings  outward  in  the  window 
to  which  it  is  fitted,  and  the  wind  blows  on  the  window,  sounds  resembling  the 
singing  of  a  distant  choir  are  produced,  varying  in  intensity  with  the  strength  of 
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the  wind.  The  number  of  strings  is  usually  seven,  ten,  or  fifteen ;  and  occasionally 
the  two  extreme  strings  are  tuned  to  two  octaves  below  the  others. 

JRpinuB  Condenser  (constructed  by  JSpinus  about  1753),  is  an  instrument  for 
collecting  electricity.  Its  principle  depends  upon  induction,  and  the  apparatus  is 
much  used  to  illustrate  the  phenomena  of  induction,  and  to  explain  the  principle  of 
the  Leyden  jar.     (See  Condenser.) 

JEpinns'  Theory  explains  the  phenomena  of  magnetism  by  supposing  a  fluid  which 
pervades  magnetic  bodies,  such  as  iron,  cobalt,  and  nickel.  The  particles  of  this  fluid 
are  assumed  to  repel  each  other,  but  to  attract  the  particles  of  the  iron,  nickel,  etc 
He,  moreover,  supposes  the  particles  of  the  iron  or  nickel  to  repel  each  other,  and 
explained  on  this  assumption  the  well-known  laws  of  magnetic  attraction  and 
repulsion. 

Aero-dynamics,  (oujp,  the  air,  and  $woju$,  power.)  The  science  which  treats  of 
the  motion  of  the  air,  or  of  the  mechanical  effects  of  air  put  in  motion. 

Aerolite,  (o^p,  air,  and  uO<h,  a  stone.J  The  name  given  to  those  stony  and 
metallic  masses  which  reach  the  earth's  surrace  from  the  interplanetary  spaces,  after 
passing,  with  or  without  explosion,  through  the  atmosphere.  The  interpretation  of 
the  phenomena  presented  in  common  by  aerolites,  bolides,  and  shooting-stars,  is  dealt 
with  under  the  head,  Meteors,  Luminous.  Here,  therefore,  we  shall  cousider  only 
the  peculiarities  distinguishing  this  particular  class  of  bodies  from  their  fellow 
travellers  amid  the  interplanetary  spaces. 

From  the  earliest  ages  we  find  records  of  the  fall  of  aerolites.  "  It  is  a  fact,"  says 
Sir  John  Herschel, "  established  by  the  most  indisputable  evidence,  that  stony  masses 
and  lumps  of  iron  do  occasionally,  and,  indeed,  by  no  means  uufrequently,  fall  upon 
the  eartn  from  the  higher  regions  of  our  atmosphere  (where  it  is  obviously  impossible 
that  they  can  have  been  generated),  and  that  they  have  done  so  from  the  earliest  times 
of  history.  Four  instances  are  recorded  of  persons  being  killed  by  their  fall."  In 
the  year  B.C.  465,  a  stone  fell  at  JEgoa  Potamos,  which  is  described  as  being  equal 
to  two  mill-stones  in  volume.  Four  centuries  after  its  fall  this  stone  continued  to  be 
an  object  of  interest,  but  afterwards  it  appears  to  have  been  lost  sight  of.  Humboldt 
recommends  that  travellers  in  Thrace  should  search  for  it  On  November  7, 1492, 
an  aerolite  fell  at  Ensisheim  in  Alsace.  It  was  preserved  as  a  relic  in  the  cathedral 
of  Ensisheim  until  the  French  revolution.  At  present  it  is  preserved  in  the  public 
library  of  Colmar.  The  Emperor  Jehangire  had  a  sword  forged  for  him  from  a  mass 
of  meteoric  iron  which  fell  at  Jahiinder  in  1620.  Amongst  many  other  modern 
instances  may  be  mentioned  the  fall  of  aerolites  at  L'Aigle  in  Normandy,  in  April, 
1803.  In  this  instance  it  would  seem  that  a  mass  of  vast  size  had  exploded  in  the 
upper  regions  of  air,  for  the  fall  was  preceded  by  the  appearance  of  a  small  black 
cloud,  which  suddenly  broke  up  with  a  violent  explosion.  Upwards  of  2000  fragments 
were  collected  from  different  parts  of  a  region  measuring  seven  miles  in  length  and 
three  in  breadth.  Some  of  tnese  weighed  only  a  few  drachms ;  the  heaviest  about 
17 i  lbB.  There  are  sixteen  well-authenticated  instances  of  the  fall  of  aerolites  in 
England  and  Scotland,  while  four  have  been  recorded  as  having  fallen  in  Ireland, 
and  two  meteoric  stones  have  been  found  in  Scotland. 

Professor  Shepherd  (of  America)  asserts  that  the  fall  of  aerolites  "  is  confined 

Erincipally  to  two  zones,  one  belonging  to  America,  bounded  by  33°  and  44°  north 
itituae,  and  about  25°  in  length.  Its  direction,"  he  adds,  "  is  more  or  less  from 
northeast  and  southwest,  following  the  general  line  of  the  Atlantic  coast.  Of  all 
known  occurrences  of  this  phenomenon,  during  the  last  fifty  years,  92.8  per  cent,  have 
taken  place  within  these  limits,  and  mostly  in  the  neighborhood  of  the  sea.  The  zone 
of  the  eastern  continent— with  the  exception  that  it  extends  ten  degrees  more  to  the 
north — lies  between  the  same  degrees  of  latitude,  and  follows  a  similar  northeast 
direction,  but  is  more  than  twice  the  length  of  the  American  zone.  Of  all  the 
observed  falls  of  aerolites  90.9  per  cent,  have  taken  place  within  this  area,  and  were 
also  concentrated  in  that  half  of  the  zone  which  extends  along  the  Atlantic."  The 
results  here  mentioned  are  interesting,  but  not  for  the  reasons  stated.  It  has  been 
well  remarked  by  Mr.  Townsend  Hall  that  the  zones  referred  to  by  Professor  Shepherd 
are  simply  those  zones  which  are  most  thickly  peopled.  But  it  is  worthy  of  notice, 
as  a  legitimate  conclusion  from  these  figures,  that  we  must  largely  add  to  the  number 
of  recorded  falls,  if  we  wish  to  estimate  justly  the  total  number  of  aerolites  which 
fall  in  a  given  time  upon  the  earth. 
The  mass  of  many  aerolites  affords  striking  evidence  that  within  the  interplanetary 


AERONAUTICS-  33 

spaces  there  must  exist  a  large  amount  of  material  travelling  as  yet  freely  around 
the  soil  In  the  Imperial  Museum  at  St  Petersburgh  there  is  a  mass  of  meteoric 
iron  weighing  no  less  than  1680  lbs.  ;•  while  it  has  been  estimated  that  an  nnweighed 
aerolite  which  lies  on  the  plain  of  Tucuman,  near  Otumpa,  in  South  America, 
cannot  fall  short  of  15  tons  in  weight.  In  the  British  Museum  there  is  an  aerolite 
which  weighs  more  than  5  tons. 

The  composition  of  aerolites  is  exceedingly  diverse.  Iron  is  almost  always  present, 
as  also  a  percentage  of  nickel  and  cobalt  Copper,  chromium,  manganese,  tin,  and 
molybdenum  have  also  been  found  in  aerolites.  Carbon  is  sometimes,  though  but 
rarely,  found.  Such  minerals  as  hornblende,  augite,  and  olivine  are  commonly  met 
with.  Twenty-two  elements,  not  one  of  which  is  new,  have  been  recognized  in 
aerolites.  But  though  we  find  no  new  elements  in  these  bodies,  we  see,  not  only  in 
the  way  in  which  they  are  compounded,  but  also  in  their  structure,  the  clearest  signs 
of  a  non-terrestrial  origin.  The  proportion  of  iron  commonly  found  in  aerolites  is, 
for  example,  wholly  in  excess  of  tnat  recognized  in  terrestrial  substances ;  while  we 
learn  foam  the  researches  of  Sorby,  D'Aubree,  and  others,  that  aerolites  have  been 
subject  to  the  action  of  a  heat  so  intense,  and  to  processes  of  crystallization  so 
energetic,  that  no  appliances  known  to  our  chemists  could  produce  corresponding 
effects. 

Reasoning  from  probability,  it  is  difficult  not  to  conclude,  that  for  every  aerolite, 
which  has  fallen  upon  the  earth  within  historic  times,  there  must  be  millions  which 
have  reached  the  earth  during  the  eras  recognized  by  geologists,  and  that  the  total 
mass  thus  added  to  the  earth  from  without  must  amount,  at  least,  to  many  millions 
of  tons.  Again  it  is  clear  that  not  our  earth  alone,  but  all  the  planets  of  the  solar 
system,  our  moon  and  the  other  satellites,  every  orb,  in  fact,  which  obeys  the  attrac- 
tion of  the  sun,  must  be  liable  to  encounter,  at  longer  or  shorter  intervals,  these 
wandering  masses,  to  which  Humboldt  has  given  the  expressive  name  of  "pocket 
planets."  Nor  can  we  recognize  as  just,  in  the  face  of  all  this  evidence  to  the  con- 
trary, the  view  expressed  by  one  of  our  leading  astronomers  that  the  united  weight 
of  all  the  bodies  of  the  solar  system,  other  than  the  sun,  planets,  asteroids,  satellites, 
and  Saturn's  ring,  must  be  weighed  rather  by  grains  than  by  tons. 

Much  useful  information  on  the  subject  of  aerolites  will  be  found  in  Dr.  Phipson's 
treatise  on  meteors,  aerolites,  and  falling  stars. 

Aeronautics.  (<%,  air,  and  vavftxo;,  pertaining  to  ships.)  The  art  of  navigating 
the  air.  The  term  is  commonly  applied  to  balloon- voyages  (see  Balloon),  but  should 
properly  be  limited  to  the,  as  yet,  unlearnt  art  of  guiding  aerial  vessels. 

It  seems  to  have  been  abundantly  demonstrated  that  balloons  cannot  be  guided 
through  the  air,  their  very  buoyancy  placing  them  beyond  the  control  of  those 
whom  they  support  above  the  level  of  the  earth.  Many  have,  indeed,  been  led  to 
regard  this  circumstance  as  opposing  an  insurmountable  obstacle  to  aerial  voyaging, 
since  it  appears  as  though  the  very  means  by  which  alone  men  can  be  supported 
above  the  ground  must  prevent  them  from  urging  their  way  at  will  through  the  air. 
But  recent  inquiries  have  tended  to  show  that  the  art  of  aerial  voyaging  is  not  so 
hopelessly  unattainable  as  had  been  supposed.  In  fact  the  true  principles  on  which 
aerial  flight  may  be  said  to  depend  have  only  of  late  years  been  fairly  recognized. 
The  formation  of  a  society,  called  the  Aeronautical  Society  of  Great  Britain,  pre- 
sided over  by  the  Duke  of  Argyll,  and  including  in  its  ranks  several  of  our  ablest 
men  of  science,  has  attracted  a  large  share  of  attention  to  a  subject  hitherto  com- 
monly regarded  as  little  worthy  of  consideration ;  and  it  seems  far  from  improbable 
that  results  of  considerable  importance  will  follow  from  the  inquiries  which  have 
recently  been  made  into  the  principles  of  flight. 

It  has  been  shown,  in  the  first  place,  that  the  extent  of  supporting  surface  need 
not  be  proportioned  to  the  weight  to  be  carried.  M.  de  Lucy  has  made  a  careful 
study  of  numerous  birds  and  insects,  with  the  object  of  determining  the  relation 
between  weight  and  supporting  surface.  We  quote  some  of  his  results  from  a 
valuable  paper  on  flying  machines,  by  Mr.  Brearey,  honorary  secretary  to  the  above- 
named  society :  *'  M.  de  Lucy  asserts  that  there  is  an  unchangeable  law  to  which 
he  has  never  found  any  exception  amongst  the  considerable  number  of  birds  and 
insects,  whose  weight  and  measurement  he  has  taken,  viz.,  that  the  smaller  and 
lighter  the  winged  animal  is,  the  greater  is  the  comparative  surface.  Thus  in  com- 
paring insects  with  one  another ;  the  gnat,  which  weighs  460  times  less  than  the 
stag-beetle,  has  14  times  greater  relative  surface.  The  lady-bird,  which  weighs  150 
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times  less  than  the  stag-beetle,  possesses  5  times  more  relative  surface,  &c  It  is 
the  same  with  birds.  The  sparrow,  which  weighs  about  10  times  less  than  the 
pigeon,  has  twice  as  much  relative  surface.  •  The  pigeon,  which  weighs  abont  8 
times  less  than  the  stork,  has  twice  as  much  relative  surface.  The  sparrow,  which 
weighs  339  times  less  than  the  Austrian  crane,  possesses  7  times  more  relative 
surface,  &c.  If  we  now  compare  the  insects  and  the  birds,  the  gradation  will 
become  even  more  striking.  The  gnat,  for  instance,  which  weighs  97,000  times  less 
than  the  pigeon,  has  40  times  more  relative  surface;  it  weighs  3,000,000  times  lees 
than  the  crane  of  Australia,  and  possesses,  relatively,  140  times  more  surface  than 
the  latter,  which  is  the  heaviest  bird  this  author  had  weighed,  and  it  was  that 
which  had  the  smallest  amount  of  surface,  the  weight  being  20  lbs.  15  oz.  2\  dr. 
avoirdupois,  and  the  surface  139  square  inches  per  kilogramme  (somewhat  more 
than  63  square  inches  per  lb.);  yet,  of  all  travelling  birds,  they  undertake  the 
longest  and  most  remote  journeys,  and,  with  the  exception  of  the  eagle,  elevate 
themselves  highest,  and  maintain  flight  the  longest." 

M.  de  Lucy  does  not  notice  the  tendency  in  these  numbers  towards  a  somewhat 
remarkable  relation.  It  would  appear  almost  as  though  the  supporting  surface 
increased  as  the  cube  root  of  the  weight ;  for  though  this  relation  is  not  exactly 
presented  in  all  the  above  instances,  it  is  approximated  to  in  most  of  them.  Taking 
also  the  widest  range,  aud  comparing  the  numbers  3,000,000  and  140,  we  see  that 
the  relation  is  approximated  to  in  a  very  significant  manner,  considering  the  wide 
diversity  between  the  characteristics  of  the  gnat  and  the  Australian  crane. 

It  would  appear,  then,  that  the  supporting  surface  necessary  to  sustain  a  man 
would  be  very  much  less  than  has  been  hitherto  supposed.  And  what  is  more  to 
the  purpose,  a  properly  devised  aerial  machine,  intended  to  convey  many  persons 
at  once,  need  by  no  means  have  that  enormous  extent  of  supporting  surface  which 
has  been  hitherto  proposed  for  such  machines. 

But  another  circumstance  of  considerable  importance  has  been  noticed  during 
recent  inquiries.  It  has  been  shown  that  propulsive  velocity  is  a  very  important 
element  in  the  question.  When  a  bird  beats  his  wings  up  and  down,  for  example, 
it  might  be  thought  that  the  movement  was  intended  to  raise  the  body  of  the  bird ; 
in  reality,  however,  the  object  of  the  movement  is  commonly  to  secure  a  motion  * 
directly,  or  almost  directly,  forwards.  Support  is  secured,  not  by  the  greater 
effectiveness  of  the  downward  beat,  as  compared  with  the  upward  motion  of  the 
wing,  but  by  the  rapid  transference  of  the  bird's  body  over  continually  new  regions 
of  air.  It  has  been  shown,  indeed,  by  Dr.  Pettigrew,  that  the  action  of  a  bird's 
wing  in  moving  both  upwards  and  downwards,  resembles  that  of  a  screw  propeller. 
The  present  writer  has  been  much  struck  by  the  singular  horizontality  of  a  pigeon's 
motion  on  first  leaving  level  ground,  the  wings  beating  sharply  upwards  and  down- 
wards, but  the  bird's  body  advancing  in  a  straight  line. 

It  is  probable  that  we  may  find,  in  the  circumstance  just  considered,  the  explana- 
tion of  the  relation  before  dealt  with  which  subsists  between  weight  and  supporting 
snrface;  for  the  larger  birds  and  insects  can  propel  themselves  more  rapidly  than 
the  smaller,  and  so  gain  support  from  a  greater  range  of  air. 

It  would  seem  only  possible,  therefore,  to  master  the  difficulties  of  aerial  voyag- 
ing, by  securing  powerful  propulsive  appliances,  and  it  may  not  unsafely  be  pre- 
dicted that  if  ever  the  problem  is  mastered,  the  means  will  at  the  same  time  be 
discovered  of  voyaging  most  rapidly  from  place  to  place. 

For  an  interesting  account  of  various  attempts  which  have  been  made  to  voyage 
through  the  air,  the  reader  should  consult  Hatton  Tumor's  Astra  Castra. 

Aerostation.  A  term  commonly  used  to  signify  the  art  of  guiding  aerial  vessels. 
(See  Aeronautics.) 

JEsculin.  A  crystallized  substance  extracted  from  the  bark  of  the  horse-chest- 
nut  (cesculus  hippocastanum).  It  forms  colorless  needle-shaped  crystals,  which 
have  a  bitter  taste ;  formula  C21HM01V  It  is  interesting,  because  its  aqueous  solu- 
tion is  highly  fluorescent,  with  a  beautiful  sky-blue  color.     (See  Fluorescence.) 

JBthriosOOpe.  (at0po$,  clear,  and  oxortit*,  to  view.)  An  instrument  for  measuring 
the  radiation  towards  the  sky.  It  was  invented  by  Sir  John  Leslie,  who,  however, 
was  not  able  satisfactorily  to  interpret  its  indications.  It  consists  of  a  differential 
thermometer,  one  bulb  of  which  is  placed  in  the  focus  of  a  metallic  cup,  which 
protects  it  from  terrestrial  radiation,  but,  when  uncovered,  permits  it  to  radiate  jts 
teat  freely  towards  the  sky.    The  other  bulb  is  protected  in  such  a  way  that  its 
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temperature  is  the  same  as  the  air  throughout  the  experimental  use  of  the  instru- 
ment. If  now  the  metallic  cup  is  uncovered,  the  exposed  bulb  will  lose  heat  by 
radiation  towards  the  sky,  ana  as  the  other  will  keep  its  temperature  unchanged, 
the  motion  of  the  column  of  liquid  in  the  tube  of  the  differential  thermometer  will 
indicate  how  much  heat  is  lost  by  radiation  from  the  exposed  bulb.  Leslie  was 
perplexed  by  finding  that  the  loss  of  heat  was  not  proportional  to  the  apparent 
clearness  of  the  sky.  He  found  indeed  that  even  a  passing  cloud  seemed  to  check 
the  loss  of  heat;  but  "sometimes,"  he  says,  " under  a  fine  blue  sky  the  sethrioscope 
will  indicate  a  cold  of  50  millesimal  degrees,  while,  on  other  days,  when  the  air 
seems  equally  bright,  the  effect  is  hardly  30°."  The  difference  is  due  to  the  presence, 
on  the  last-named  days,  of  invisible  aqueous  vapor  in  the  air,  and  to  the  fact  that 
such  vapor  checks  the  radiation  of  heat  from  the  sethrioscope. 

Affinity,  in  chemistry,  means  the  tendency  of  different  kinds  of  matter  to  unite ; 
although  it  is  customary  in  modern  chemistry  to  object  to  the  term  on  the  ground 
that,  in  ordinary  non-technical  language,  it  means  "  resemblance,"  whereas  bodies 
that  least  resemble  each  other — such  as  copper  and  sulphur,  iodine  and  phosphorus 
— unite  with  the  greatest  energy ;  while  bodies  that  most  resemble  each  other,  such 
as  chlorine,  bromine,  and  iodine,  have  but  little  chemical  affinity  for  each  other. 
But  the  word  affinity  also  means  "  relationship"  and  "  ties  of  family,"  and  it  is  in 
this  sense  that  the  metaphor  is  properly  used  in  chemistry,  indicating  not  a  "  resem- 
blance," but  "a  disposition  to  unite."  In  this  sense  the  term  was  first  brought  into 
use  by  Boerhaave  as  early  as  1732.  Others  give  the  credit  to  GeoflToy,  wno  pub- 
lished his  Tables  of  Affinity  in  1718.  The  influence  of  Newton  in  this  country,  and 
the  jealous  feeling  entertained  towards  France,  led  our  philosophers  to  prefer  the 
term  "chemical  attraction,"  which  introduced  a  mechanical  idea  into  chemical  work, 
and  thus  produced  confusion  of  thought,  which,  as  stated  above,  still  prevails. 

Affinity  is  exerted  within  incommensurable  limits,  amounting  to  what  is  popularly 
called  "  contact."  Tartaric  acid  and  sodic  carbonate,  for  example,  exert  no  action 
if  mingled  together  in  the  form  of  dry  powders  ;  but,  by  the  addition  of  water,  they 
enter  into  solution  and  thus  exercise  that  close  adhesion  which  insures  energetic 
chemical  action. 

Geofrroy's  Tables,  already  referred  to,  indicate  the  order  in  which  bodies  displace 
each  other,  and  thus  mark  to  some  extent  the  force  of  affinity.  For  example,  in 
the  following  table  certain  bases  are  arranged  in  the  order  in  which  they  displace 
each  other  from  the  salts  which  they  form  respectively  with  sulphuric  acid  : — 

Ammonia. 
Zincic  Oxide. 

Affinity  produces  an  entire  change  in  the  properties  of  the  bodies  brought 
together,  thereby  distinguishing  affinity  from  mechanical  action.  Thus,  magnesia, 
mixed  with  water,  produces  scarcely  any  chemical  change,  for,  by  passing  the  mix- 
ture through  a  filter,  nearly  the  whole  of  the  magnesia  can  be  separated ;  but  if  to 
the  mixture  a  little  sulphuric  acid  be  added,  a  true  chemical  combination  takes  place 
by  virtue  of  the  affinity  existing  between  magnesia  and  dilute  sulphuric  acid.  We 
get  a  new  compound,  with  properties  different  from  those  of  the  components.  The 
acid  is  sour  and  caustic,  the  earth  is  insipid  and  alkaline ;  the  compound  is  bitter, 
forming  the  well-known  Epsom  salts. 

Hence  there  is  a  specific  difference  between  a  mechanical  or  physical  phenomenon 
and  a  chemical.  In  one  we  get  the  mean  of  the  properties  of  the  component  parts, 
in  the  other  we  get  different  properties — a  new  body  in  fact. 

In  the  exercise  of  affinity  there  is  no  destruction  of  matter.  There  may  be,  and 
often  is,  change  of  state,  as  from  the  solid  to  the  liquid  or  gaseous,  and  the  gases 
may  escape  unnoticed  by  the  unskilled  eve,  but  the  chemist  knows  how  to  collect 
and  account  for  all  the  results  of  chemical  change. 

Under  the  influence  of  affinity  bodies  sometimes  unite  directly,  as  when  hydro- 
gen, burning  in  air,  unites  with  oxygen  and  forms  water ;  or  by  substitution  or 
displacement,  as  when,  in  the  table  just  given,  baryta  displaces  any  one  of  the 
earths  below  it  from  union  with  sulphuric  acid. 

In  many  cases  affinity  requires  to  be  promoted  by  the  action  of  a  high  tempera- 
ture, as  in  the  case  of  charcoal,  which  must  be  ignited  before  oxygen  will  unite  with 


Sulphuric  Acid. 

Baryta.  . 
Potash. 

Soda. 
Lime. 
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it  Affinity  also  produces  a  change  in  temperature,  in  some  cases  greatly  above, 
in  others  below,  that  of  the  atmosphere. 

When  bodies  unite  by  virtue  of  affinity  they  do  so  in  definite  proportions,  and 
this  naturally  leads  us  to  refer  to  Atomic  Theory. 

For  the  electrical  theory  of  affinity  we  must  refer  to  Electro-negative  and  Electro- 
positive.  Those  who  would  account  for  affinity  entirely  on  electrical  grounds,  have 
failed  to  point  out  by  what  force  the  components  of  the  compound  are  held  together. 

Agate.  (a****^.)  A  mineral  consisting  of  quartz,  colored  by  various  substances, 
and  sometimes  blended  with  j  as  par  and  carnelian.  There  are  several  different  kinds 
known  as  Moss  agate,  Fortification  agate.  Ribbon  agate,  &c,  from  the  appearance 
of  the  interspersed  substances. 

Aggregation.  (Aggrego,  from  ad,  and  grego,  to  collect  into  a  flock  or  herd — 
from  grex,  a  flock  or  herd.) 

Material  particles  naturally  exist  in  three  different  conditions  or  states  of  aggre- 
gation— namely,  solid,  liquid,  and  gaseous.  In  the  solid  state,  cohesion  binds  the 
particles  so  closely  together  that  they  are  not  capable  of  freely  gliding  over  one 
another,  and  the  body  maintains  the  same  shape  until  some  external  force  acts  upon 
it  with  sufficient  intensity  to  separate  the  particles  violently  from  one  another,  and 
to  break,  crush,  stretch,  or  otherwise  alter  it.  Metals  and  rocks  are  examples  of 
solids. 

In  liquids,  the  forces  of  cohesion  and  repulsion  almost  equally  balance  each  other, 
the  particles  not  cohering  so  strongly  as  to  be  incapable  of  easily  gliding  over  one 
another,  and  not  tending  to  fly  off  from  each  other  by  the  influence  of  repulsion. 
Thus,  liquids  readily  accommodate  their  figures  to  the  shapes  of  the  vessels  in 
which  they  are  placed,  and  when  a  liquid  is  placed  on  a  plane,  it  spreads  out  evenly 
over  the  surface  of  the  plane. 

In  gases  there  is  not  only  an  absence  of  cohesion,  but  a  force  of  repulsion  amongst 
the  particles,  so  that  the  natural  tendency  of  gaseous  particles  is  to  separate  one 
from  another.    Thus  gases  are  capable  of  indefinite  expansion. 

All  bodies  are  supposed  to  be  capable  of  existing  at  various  times  in  all  these 
states.  Thus  water  may  be  changed  by  cold  into  ice,  and  by  heat  into  steam.  All 
known  liquids  can  be  converted  into  vapors,  and  very  many  gases  can  be  liquefied 
and  solidified  by  cold  and  pressure.  Wherever  liquids  or  gases  have  not  yet  been 
solidified,  it  is  assumed  by  analogy  that  such  a  condition  would  be  possible  if  we 
could  apply  a  sufficient  degree  of  cold.    (See  Attraction,  Repulsion,  Adhesion.) 

Agonic  Line,  (a,  without;  yorca,  an  angle.)  The  name  applied  in  terrestrial 
magnetism  to  the  line  which  joins  all  the  points  of  zero  magnetic  declination  on  the 
earth's  surface ;  that  is  places  at  which  tne  needle  of  the  compass  points  due  north 
and  south.  The  plane  of  the  maanetic  meridian  of  a  place,  whicn  is  the  vertical 
plane  passing  through  the  two  poles  of  a  magnetic  needle  freely  suspended  at  that 
place,  does  not  in  general  coincide  with  that  of  the  geographical  meridian,  a  vertical 
plane  passing  through  the  place,  and  the  north  and  south  terrestrial  poles.  The 
angle  between  these  planes  is  the  magnetic  declination.  But  at  certain  places 
these  planes  do  coincide,  and  such  places  are  called  places  of  no  declination.  The 
line  which  joins  all  these  places  is  called  the  line  of  no  declination  or  agonic  line. 
A  line  of  this  kind  passes  through  the  east  of  South  America  to  Hudson's  Bay, 
thence  through  the  North  Pole  to  the  White  Sea ;  passing  southward  it  cuts  Ara- 
bia, and  then  after  traversing  the  Indian  Ocean  and  the  eastern  portion  of  Aus- 
tralia, goes  through  the  South  Pole  to  join  itself  again.  (See  Magnetism,  Terres- 
trial.) 

Air.    See  Atmosphere. 

Air  Gun.  A  pneumatic  instrument  which  will  drive  a  bullet  by  means  of  com- 
pressed air.  (Figs.  1,  2,  and  3.)  It  consists  of  a  gun  barrel  communicating  with  a 
nollow  ball,  into  which  air  is  forced  by  means  of  a  condenser.  A  bullet  is  put  into 
the  barrel;  and  the  valve  which  confines  the  compressed  air  opened,  the  air  then  ex- 
pands and  forces  out  the  bullet.  Ac- 
Fig.  1.  Fig.  2.  cording  to  Boyle's  Law,  the  force  of 
<*  the  expanding  air  is  proportional  to 
vL*  k  the  pressure.  A  pressure  of  500 
J$£                     ^k~*-—$L^              atmospheres  has  been  attained  by 

means  of  a  powerful  condenser,  but 
this  is  only  about  half  the  elastic 
force  of  gunpowder. 


m%r-'^ 


AIE  PUMP. 

Fig.  3. 


Air  Pump.    Since  the  pressure  of  the  atmosphere  may  be  considered  to  be  About 
loins,  on  the  square  inch,  it  follows  that  if  we  have  a  cylinder  closed  at  one  end 
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and  open  at  the  other  and  have  an  air-tight  piston  on  the  bottom  of  the  cylinder, 
we  shall  require  (neglecting  friction  and  the  weight  of  the  piston)  to  exert  a  force 
as  many  times  151bs.  as  the  surface  of  the  piston  contains  square  inches,  in  order  to 
overcome  the  pressure  of  the  air  and  to  move  the  piston.  Between  the  piston  and 
the  bottom  of  the  cylinder,  there  will  then  be  formed  a  vacuum.  If  this  vacuum  be 
put  in  communication  with  a  vessel  full  of  ordinary  air,  that  is,  air  which  has  been 
compressed  by  the  atmospheric  pressure,  and  which  is  therefore  in  the  condition  of 
a  compressed  spring,  this  air  will  spread  itself  out  so  as  to  occupy  the  vacuous  space 
in  addition  to  the  original  volume  of  the  vessel ;  in  other  words,  it  will  become  uni- 
formly diminished  in  density,  and  its  new  density  will  be  to  its  original  density  in- 
versely as  its  new  volume  is  to  its  original  volume.  If  now  the  piston  be  pushed 
back,  the  air  will  resume  its  original  volume  and  density  when  the  piston  reaches 
the  bottom  of  the  cylinder.  But  if  communication  be  interrupted  between  the 
cylinder  and  the  vessel  when  the  piston  is  at  the  top  of  the  cylinder,  the  air  beneath 
the  piston  will  be  compressed  as  the  piston  descends,  until  it  acquires  the  ordinary 
atmospheric  tension.  Let  us  suppose  that  the  piston  is  provided  with  a  valve  A 
opening  upwards  (towards  the  air),  and  the  connecting  tube  between  the  cylinder 
and  the  vessel  which  is  being  exhausted,  has  a  valve  B  opening  into  the  former. 
Whenever  the  piston  is  pulled  up,  its  valve  A  is  closed  by  the  atmospheric  pressure, 
while  the  valve  B  is  opened  by  the  clastic  force  of  the  air  in  the  vessel.  When  the 
piston  is  pushed  down,  the  valve  B  closes  by  the  elastic  force  of  the  air  beneath  the 
piston,  and  at  a  certain  part  of  the  stroke,  namely,  when  the  tensions  of  the  atmos- 
phere above  and  the  air  below  are  equal,  the  valve  A  commences  to  open  so  that 
.  the  air  escapes.  Accordingly  at  every  up-stroke  the  density  of  the  air  in  the  vessel 
diminishes  according  to  the  relative  capacities  of  it,  and  of  the  cylinder,  The  valves 
in  the  air  pump  are  usually  made  of  oiled  silk  stretched  over  holes,  so  that  the  force 
required  to  lift  them  is  very  small.  It  is  usual  also  to  have  two  cylinders  and  pis- 
tons connected  by  racket  and  cog-wheels,  so  that  when  one  is  ascending  the  other  is 
descending.  The  vessel  from  which  the  air  is  withdrawn  is  called  the  receiver. 
For  many  experiments  it  has  the  form  of  a  strong  bell  jar,  the  edge  of  which  is 
ground  quite  flat,  and  rests  upon  a  flat  glass  or  brass  plate,  into  the  centre  of  which 
the  tube  connecting  it  with  the  cylinder  opens.  In  connection  with  this  connecting 
tube  is  a  long  straight  tube  dipping  into  mercury.  The  height  to  which  the  mer- 
cury is  raised  is  a  measure  of  the  completeness  of  the  exhaustion.  It  is  a  matter  of 
course  that  the  exhaustion  effected  by  such  a  machine  is  never  quite  perfect,  depend- 
ing as  it  does  upon  successive  distension. 
Air  Pomp,  Sprengel'g.     See  Sprengel  Pump. 

Air  Thermometer.  The  air  thermometer  is  an  instrument  which  consists  of  a 
vessel  containing  a  volume  of  air  shut  off  from  communication  with  the  external  air 
by  a  column  of  liquid  contained  in  a  tube  of  small  bore,  which  tube  is  open  at  one 
end,  and  connected  at  the  other  with  the  vessel  containing  the  inclosed  air.  The  first 
thermometer  (see  article  Thermometer)  was  an  air  thermometer,  and  many  modifica- 
tions have  been  since  devised.  The  air  thermometer  employed  by  Gay-Lussac  for 
determining  the  co-efficient  of  expansion  of  air,  consisted  of  a  capillary  tube  terminated 
by  a  glass  bulb ;  the  latter  contained  a  known  volume  of  perfectly  dry  air,  shut  off 
from  the  external  air  by  a  short  column  of  mercury  in  the  capillary  tube,  which  served 
as  an  index.  When  the  bulb  was  heated  the  air  within  it  expanded,  its  pressure  was 
consequently  greater  than  that  of  the  external  air,  and  the  mercury  in  the  capillary 
tube  was  forced  further  from  the  bulb ;  a  reverse  effect  took  place  on  cooling  the  bulb. 
With  such  thermometers,  a  correction  must  always  be  made  for  atmospheric  pres- 
sure, as,  unlike  mercurial  thermometers,  they  are  open  to  the  air.  Regnault  has 
compared  the  air  with  the  mercurial  thermometer,  with  the  following  results : — 
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Temperature  given  by  the  Temperature  given  by  the 

Air-Thermometer.  Mercurial  Thermometer. 

100°  0 100°.00 

120 119  .95 

140 139  .85 

160 159  .74 

180 179  .63 

200 199  .70 

240 239  .90 

260 260  .20 

280 280  .52 

300 301  .08 

340 343  .00 

350  . 354  .00 

From  this  we  see  that  the  agreement  is  tolerably  close  up  to  260°  C,  beyond 
which,  to  the  boiling  point  of  mercury  (350°  determined  by  the  air-thermometer), 
the  divergence  increases. 

Regnault  has  measured  the  high  temperatures  of  furnaces,  by  heating  a  weighed 
flask  of  platinum  or  porcelain  containing  mercury  in  the  furnace,  the  temperature 
of  which  is  to  be  ascertained.  The  mercury  boils  and  expels  all  the  air  from  the 
flask,  which  is  then  filled  with  the  vapor  of  mercury  at  the  temperature  of  the 
furnace  ;  it  is  now  closed,  withdrawn  from  the  furnace,  cooled,  and  weighed.  The 
various  data  now  at  command  enable  the  temperature  to  be  determined ;  the  volume 
of  the  flask  is  known,  the  weight  of  the  vapor  of  mercury  which  filled  it  at  the  tem- 
perature of  the  furnace,  and  the  density  of  that  vapor.  Deville  and  Troost  have 
employed  the  vapor  of  iodine  for  the  same  purpose.  (See  also  Thermometer ; 
Differential  Thermometer ;  Expansion;  Pyrometer.) 

Alabaster.    See  Sulphates  ;  Calcium. 

Albireo.  (Arabic.)  A  star  in  the  head  of  Cygnus.  It  is  a  well-known  and 
very  beautiful  double  star,  easily  resolved.  The  primary  is  orange,  the  smaller  star 
blue. 

Albumen.  (Albumen,  the  white  of  an  egg.)  A  substance  occurring  largely  in 
the  animal  kingdom,  and  to  a  less  extent  in  the  vegetable  kingdom.  Its  chief 
sources  are  white  of  egg,  and  the  serum  of  blood ;  it  exists  in  two  forms,  soluble  and 
insoluble ;  soluble  albumen  in  the  dry  state  is  a  pale  yellow  gummy-looking  mass, 
tasteless  and  inodorous,  of  specific  gravity  1.26.  It  dissolves  in  water  containing 
an  alkaline  salt,  and  when  this  solution  is  heated  to  60°  C.  (140°  F.),  the  albumen 

E  asses  into  the  insoluble  form,  and  is  precipitated  as  a  white  mass.  After  coagu- 
iting,  albumen  is  white,  translucent,  and  brittle,  when  dry;  and  opaque  and  elastic, 
in  the  presence  of  water.  Soluble  albumen  is  coagulated  by  many  acids.  It  acts 
chemically  like  a  weak  acid,  and  forms  compounds  with  bases  which  are  called 
albuminates ;  the  form  in  which  it  exists  in  white  of  egg  is  that  of  albuminate  of 
sodium.  The  albumen  extracted  from  vegetable  bodies  is  called  vegetable  albumen, 
although  it  appears  to  be  identical  with  animal  albumen ;  it  occurs  principally  in  the 
seed.  The  composition  of  albumen  is  not  well  ascertained ;  the  most  probable  formula 
fcCpHllsN.Ms6iy 

Aloor.  (Arabic.)  Flamstead's  star  80  of  the  constellation  Ursa  Major.  It  forms 
a  wide  naked-eye  double  with  the  star  Mizar,  the  middle  star  of  the  tail,  from  which 
it  is  separated  by  a  distance  equal  to  about  half  the  moon's  apparent  diameter. 
(See  Mizar.) 

Alcohol.  By  this  name,  when  standing  by  itself,  is  usually  understood  the  second 
term  of  the  series  of  ordinary  alcohols,  or  vinic  alcohol.  (See  Alcohols.)  It  is  a  trans- 
parent, colorless,  mobile  liquid,  of  a  specific  gravity  0.7939  at  60°  F. ;  it  boils  at 
74.4°  0.  (173.1°  F.) ;  its  vapor  density  is  1.613;  its  formula  is  C2H60 ;  it  is  the  spiritu- 
ous principle  of  wine,  beer,  and  spirits,  and  is  produced  by  the  fermentation  of  sugar, 
which  is  split  up  into  alcohol  and  carbonic  acid.  In  the  diluted  state,  alcohol  is 
sometimes  called  spirits  of  wine.  It  is  difficult  to  render  anhydrous;  distillation 
alone  will  not  produce  an  alcohol  containing  less  than  9  per  cent,  of  water,  and  this 
remaining  quantity  must  be  removed  by  adding  something  which  unites  with  the 
water  chemically,  such  as  quick-lime.  By  oxidation  it  is  converted  into  aldehyd.  and 
then  into  acetic  acid,  but  other  products  of  oxidation  arc  obtained  in  less  quantity ; 
these  are  formic  acid,  acetal,  acetic  ether,  saccharic  acid,  glyoxal,  glyoxylic  acid,  and 
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glycollic  acid,  the  final  products  being  water  and  carbonic  acid.  When  the  elements 
of  water  are  removed  from  al solute  alcohol,  ether  is  formed  (which  see). 

Alcohol  Phenylio.     See  Carbolic  Acid. 

Alcohols,  Series  of.  Ordinary  alcohol  is  the  second  term  of  a  series  of  homolo- 
gous bodies  which  differ  from  one  another  in  composition  by  CH„  and  exhibit  a 
regular  gradation  of  properties,  physical  and  chemical.  They  are  divided  into 
monatomic,  diatomic,  and  triatomic  alcohols,  according  as  they  are  built  upon  the 
type  of  one,  two,  or  three  molecules  of  water.  The  principal  monatomic  alcohols  at 
present  known  are : — 

Methylic  alcohol, CH40. 

Ethyfic  alcohol,  ........  CtH60. 

Propylic  alcohol, C3H80. 

Butylic  alcohol, C4H100. 

Amylic  alcohol,  . C6H120. 

Caproylic  alcohol, C6H140. 

(Enanthylic  alcohol, C7H1(lO. 

Caprylic  alcohol,         .        .        • CyH^O. 

Cetylic  alcohol, C16HM0. 

Cerotylic  alcohol, C„HM0. 

Melissic  alcohol, C^H^O. 

There  are  four  diatomic  alcohols  known.  These  are  called  Glycols.  They  are  as 
follows : — 

Enthylene  glycol, CjH6Or 

Propylene  glycol, C3H80P 

Butyiene  glycol, C4H,0OP 

Amylene  glycol, 06HllOP 

The  triatomic  alcohols  are  called  glycerins.  One  term  only  is  known,  namely 
ordinary  glycerin,  CsH8Os.  In  addition  to  these  alcohols  there  are  many  other 
series :  thus,  we  have  (to  give  one  instance  only  of  each  series)  Allyl  alcohol  CtH?0 ; 
Camphol,  C10H18O;  Benzyl  alcohol,  C7H80;  Phenyl  alcohol  (or  Carbolic  acid), 
C6H-0  ;  Cinnamic  alcohol,  C9H}00 ;  Saligenin,  C7H8Or 

Alcyone.     (Greek.)    The  brightest  of  the  star  group  called  the  Pleiades. 

Aldebaran.     (Arabic.)     The  chief  star  of  the  constellation  Taurus ;  a  red  star. 

Aldehyd.  A  liquid  obtained  by  the  removal  of  two  atoms  of  hydrogen  from 
alcohol,  whence  its  name,  alcohol  dehydrogenatus.  It  is  a  thin  transparent  colorless 
liquid,  of  a  strong  suffocating  odor;  it  boils  at  21°  C.  (69.5°  F.) ;  it  mixes  in  all 
proportions  with  water,  alcohol,  and  ether ;  its  formula  is  C,jH40.  It  forms  numerous 
compounds,  amongst  which  the  following  may  be  mentioned — aldehyd-ammonia, 
C,H40  N  H3,  formed  by  passing  ammonia  into  aldehyd  and  ether.  It  exists  as 
transparent,  white,  colorless  crystals,  very  brilliant,  melting  at  about  75°  C.  (167°  P.), 
and  distilling  at  100°  C.  (212°  F.)  Acids  separate  aldehyd  from  it.  Sulphite  of 
aldehyd-ammonia  is  a  white  crystalline  body,  soluble  in  water  and  alcohol,  formed  by 
mixing  sulphurous  acid  with  aldehyd-ammonia.  The  characteristic  reactions  of  the 
homologous  series  of  the  aldehydes  are  the  formation  of  definite  compounds  with  the 
acid  sulphites  of  alkali  metals,  and  the  reduction  of  silver  salts  to  the  metallic 
state. 

Aderamin.     (Arabic.)    The  star  a  of  the  constellation  Cepheus. 

Alembic.  (Arabic,  al,  the ;  ambeeg,  corrupted  from  apj3c£,  a  cup.  A  piece  of 
chemical  apparatus  somewhat  like  a  glass  retort,  but  having  the  head  and  neck 
removable  irom  the  body.  Alembics  were  formerly  much  used,  but  are  now  generally 
superseded  by  retorts,  except  in  some  manufacturing  processes. 

Alfonsine  Tables.  Astronomical  tables,  published  under  the  auspices  of  Alfonso 
X.,  king  of  Castile  and  Leon,  in  1252. 

Algeiba.  (Arabic.)  The  star  y  of  the  constellation  Leo.  It  is  a  fine  double,  a 
good  test  for  small  telescopes.    The  components  are  orange  and  green. 


ALGENIB. ALKALOID.  41 

Algenib.  (Arabic.)  The  y  of  the  constellation  Pagasus.  It  forms  one  of  a 
remarkable  square  of  stars,  called  by  astronomers  "  the  square  of  Pagasus,"  the 
other  three  stars  forming  the  square  being  a  and  /3  Pagasi,  and  a  Andromeda  (other- 
wise called,  respectively,  Markab,  Scheat,  and  Alpheratz). 

Algol.  (Arabic.)  The  star  /3  in  the  constellation  Perseus.  A  remarkable  vari- 
able.   (See  Stars,  Variable.) 

Alhena.   (Arabic.)    The  star  y  of  the  constellation  Gemini. 

Alidade.  (Arabic.)  A  rod  carrying  the  sights  of  a  quadrant,  and  serving  to 
indicate  how  many  degrees  or  minutes  the  observed  object  is  raised  above  the  hori- 
zon.   The  term  is  obsolete. 

Aliofh.     (Arabic.)    The  star  *  of  the  constellation  Ursa  Major. 

Alizarine.  The  coloring  matter  of  Madder.  It  is  a  brilliant  scarlet  substance 
which  crystallizes  in  prisms,  and  when  exposed  to  carefully  regulated  heat  sublimes, 
condensing  into  beautiful  tufts  of  scarlet  needles.  It  is  only  sparingly  soluble  in 
water,  but  dissolves  in  spirit  and  in  alkaline  solutions.  Its  tinctorial  power  is  at 
least  thirty-five  times  as  great  as  that  of  the  madder  itself.  Turkey  red,  madder 
pink,  and  all  the  finer  madder  colors  are  compounds  of  alizarine  and  fatty  acids 
with  bases.  The  discovery  of  the  method  of  preparing  alizarine  artificially  is  due 
to  two  continental  chemists,  Messrs.  Graebe  and  Liberman,  and  is  the  result  of  a 
scientific  investigation  on  the  properties  and  molecular  structure  of  alizarine,  con- 
ducted step  by  step  in  accordance  with  logical  deductions  from  the  known  laws  of 
synthetical  chemistry.  The  formula  of  alizarine  is  CMH804.  From  an  examination 
of  the  substances  obtained  when  alizarine  was  submitted  to  certain  chemical  opera- 
tions, it  had  been  ascertained  that  it  is  connected  with  the  hydro-carbon  group,  con- 
taining CI4H10,  and  by  heating  it  with  zinc-dust  the  above-named  chemists  actually 
obtained  from  it  the  hydro-carbon  CUH10.  This  was  seen  to  be  identical  with  one  of 
the  solid  crystalline  bodies  obtained  in  the  distillation  of  coal,  named  anthracene ; 
and  bv  a  somewhat  complicated  process  they  converted  this  into  anthraquinone ; 
then  into  bibrom-anthraquinone;  and  lastly  into  alizarine,  having  by  this  means 
added  04  and  removed  H,  from  the  anthracene.    (See  Madder.) 

AlkaicL  (Arabic.)  The  star  17  of  the  constellation  Ursa  Major.  It  is  the  last 
star  of  the  three  which  form  the  Bear's  tail. 

Alkalamides.    See  Amides. 

Alkali.  (Arabic,  al  Kali.)  A  name  applied  to  a  well-defined  class  of  bodies 
characterized  by  the  following  properties.  They  turn  red  litmus  paper  blue,  com- 
pletely neutralize  acids,  they  are  soluble  in  water,  and  their  solutions  exert  a  caustic 
action  upon  animal  matter.  The  alkalies  proper  are  the  oxides  of  potassium,  sodium, 
lithium,  rubidium,  and  caesium.  To  these  must  be  added  the  compound  alkali 
ammonia,  the  oxide  of  the  hypothetical  metal  ammonium,  which  used  to  be  called 
the  volatile  alkali,  in  contradistinction  to  potash  and  soda,  which  were  called  fixed 
alkalies.  The  alkaline  earths  are  the  oxides  of  barium,  strontium,  calcium,  and 
magnesium.  The  oxides  of  some  other  metals,  such  as  silver,  thallium,  and  lead, 
are  also  somewhat  soluble  in  water,  and  possess  slight  alkaline  properties. 

Alkalimetry.  The  method  of  estimating  the  amount  of  alkali  in  alkaline  liquids. 
It  is  usually  effected  by  the  volumetric  process  of  analysis,  by  ascertaining  how 
many  divisions  of  a  graduated  tube  containing  an  acid  of  definite  strength  are 
required  to  neutralize  the  liquid  under  examination. 

Akaline  Spectra.  The  spectra  produced  by  the  metals  of  the  alkalies  and  alka- 
line earths  are  readily  seen  by  introducing  one  of  their  compounds  into  a  spirit 
flame,  and  examining  the  flame  by  a  spectroscope.  The  flame  will  then  become 
colored  crimson  with  lithium,  yellow  with  sodium,  purple  with  potassium,  deep  red 
with  rubidium,  bluish  with  caesium,  brick  red  with  calcium,  red  with  strontium,  and 
green  with  barium.  Each  of  these  colored  flames  gives  a  spectrum  of  bright  lines 
peculiar  to  itself,  and  sufficiently  characteristic  to  be  used  as  a  chemical  test.  (See 
Spectrum;  Spectrum  Analysis;  Spectra  of  the  Metallic  Elements.) 

Alkaloid.  (Alkali,  and  *&o$,  a  resemblance.)  A  name  given  to  a  very  nume- 
rous and  important  class  of  organic  substances,  which,  possessing  many  of  the  pro- 
perties of  the  alkalies  of  the  mineral  kingdom,  are  termed  alkaloids.  Some  of  them, 
hydrate  of  tetrethylium  for  instance,  rival  potash  and  soda  in  their  alkaline  proper- 
ties. Some  alkaloids  are  obtained  exclusively  from  the  vegetable  kingdom,  where 
they  frequently  constitute  the  active  principle  of  the  plant,  for  instance  morphia, 
quinine,  and  strychnine ;  some  correspond  in  composition  to  ammonia,  and  are  pro- 
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duced  artificially  from  it  by  replacement  (See  Amides.)  Ab  a  specimen  of  these, 
we  may  mention  methylethylamylophenylammonium.  Others  in  which  the  nitrogen 
is  replaced  by  other  elements  of  the  same  group,  such  as  phosphorus,  arsenic,  auti- 
mony,  or  bismuth,  are  prepared  artificially.  Amongst  these  may  be  mentioned  arse- 
nethylium,  and  triethyphosphine.  The  most  important  alkaloids  will  be  described 
under  their  respective  headings. 

Alkes.  (Arabic.)  The  star  a  of  the  constellation  Crater.  It  was  probably  the 
brightest  star  of  the  constellation  when  Bayer  so  lettered  it,  but  is  now  far  less  con- 
spicuous than  ft. 

Alkarsi.n.    See  Arsenic. 

Allotropy.  Inorganic  solids  occur  under  one  of  three  conditions,  viz.:  (1.)  The 
crystalline,  as  the  diamond;  (2.)  the  vitreous,  as  glass  or  barley-sugar;  and  (3.)  the 
amorphous,  or  shapeless,  as  clay,  chalk,  etc.  But  there  are  many  bodies,  any  one 
of  which,  without  undergoing  a  change  in  chemical  composition,  may  yet  appear 
under  one  of  the  above  three  conditions,  with  striking  changes  in  physical  and  even 
chemical  properties,  while  still  retaining,  so  to  speak,  its  chemical  ideutity.  Sul- 
phur, for  example,  sometimes  occurs  in  native  octohedral  crystals,  or  it  may  be 
obtained  in  the  crystalline  form  by  evaporation  from  one  of  its  solutions.  These 
crystals,  which  are  hard  and  brittle,  may  be  fused  by  the  application  of  heat,  and 
if  the  melted  sulphur  be  poured  into  cold  water  it  becomes  tough,  flexible,  and  trans- 
lucent; it  may  be  kneaded  and  also  drawn  into  threads.  It  is  now  in  the  vitreous 
condition,  and  it  does  not  take  fire  so  readily  as  ordinary  sulphur.  By  exposure  to 
the  air  for  a  few  days  it  becomes  brittle,  opaque,  and  partly  crystalline,  and  if 
treated  with  the  liquid  solvent,  bisulphide  of  carbon,  the  crystalline  portion  dis- 
solves, leaving  a  buff-colored  insoluble  powder.  This  is  amorphous  sulphur.  If 
this  be  exposed  to  the  action  of  heat  it  recovers  its  solubility.  These  three  forms 
of  sulphur  differ  in  density  and  specific  heat. 

The  term  allotropy  (from  gaxo$,  another,  and  ?po*o$,  habit)  has  been  applied  to 
the  branch  of  science  which  takes  account  of  the  different  sets  of  properties  possible 
to  one  and  the  same  body.  Although  the  science  of  the  subject  is  obscure,  yet  it 
seems  to  point  to  the  fact  that  bodies  possessing  very  different  properties  may  be 
composed  of  the  same  ultimate  atoms;  and  that  in  the  wise  economy  of  nature 
the  mode  of  arrangement  of  the  atoms  is  as  important  as  the  elementary  nature  of 
the  atoms  themselves. 

Notable  examples  of  allotropy  occur  in  the  case  of  phosphorus,  which  may  be 
crystalline,  vitreous,  or  amorphous ;  soluble  or  insoluble;  inflammable  or  non-inflam- 
mable at  moderate  temperatures;  waxy  and  translucent,  or  of  an  opaaue,  dull 
brick-red  color,  and  so  on.  Carbon  may  also  exist  in  the  form  of  the  diamond, 
graphite,  charcoal,  etc.  Compound  bodies,  among  other  changes  may  vary  in  color, 
as  in  the  case  of  sulphide  of  mercury,  which  may  be  either  of  a  black  or  or  a  scarlet 
color.  Glass,  which  is  the  type  of  vitreous  bodies,  may  become  opaque,  and  seimV 
crystalline.  Even  gases  are  subject  to  allotropic  conditions,  ozone  and  oxygen  being 
two  such  states  of  the  same  body. 

Alloxan.  One  of  the  numerous  products  of  the  oxidation  of  uric  acid.  It  forms 
large,  transparent,  colorless  crystals,  readily  soluble  in  water  or  alcohol;  in  the 
anhydrous  state  the  formula  is  C4H,N204.  It  is  decomposed  by  heat,  and  also  by 
most  reagents.  Hydrochloric  and  sulphuric  acids  or  reducing  agents  convert 
alloxan  into  alloxantin,  which  under  the  action  of  ammonia  is  converted  into  pur- 
purate  of  ammonium  or  murexide.  (See  Murexide.)  The  formula  of  alloxantin  is 
C8H4N407. 3H,0. 

Alloxantin.    See  Alloxan. 

Alloys.  Combinations  of  metals  with  each  other  are  called  alloys,  except  when 
mercury  is  a  constituent,  in  which  case  they  are  called  amalgams.  The  following 
are  the  most  important  alloys : —  * 

KAMK  OP  ALLOT.  COHKMITIOir. 

Aluminium  bronze, Copper  and  aluminium. 

Bell  metal,        ......  Copper  and  tin. 

Bronze, Copper  and  tin. 

Gun  metal, Copper  and  tin. 

Speculum  metal, Copper  and  tin. 

Brass, Copper  and  zinc. 


Dutch  gold,    . 
Mosaic  gold,  . 
Ormolu, 
Tombac, 
German  silver, 
Packfong, 
Britannia  metal,     . 
Solder,   . 

Pewter  (ordinary), 
Fusible  metal, 
Type  metal,  . 

Stereotype  metal,  . 
Shot  metal,    . 
Standard  gold, 
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Copper  and  zinc. 

Copper  and  zinc. 

Copper  and  zinc. 

Copper  and  zinc. 

Copper,  nickel,  and  zinc 

Copper  and  arsenic. 

Tin  and  antimony. 

Tin  and  lead. 

Tin  and  lead. 

Bismuth,  lead,  tin,  and  cadmium. 

Lead  and  antimony  (and  sometimes 

a  little  copper). 
Lead,  antimony,  and  bismuth. 
Lead  and  arsenic. 
Gold  and  copper. 


Standard  silver,      .        .        •        Silver  and  copper. 

In  the  preparation  of  alloys  the  least  fusible  metal  should  be  melted  first,  and  the 
most  fusible  added  in  small  quantities  at  a  time.  A  flux,  such  as  borax,  chloride  of 
sine,  or  tallow  (according  to  the  temperature),  being  added  to  prevent  loss  by 
oxidation.  The  fusing  point  of  alloys  is  generally  lower  than  tne  mean  of  the 
fusing  points  of  the  constituent  metals.  Alloys  are  generally  more  tenacious,  but 
less  malleable  and  ductile,  than  would  be  expected  from  their  composition. 

Allyl.  (Allium,  garlic)  The  oil  of  garlic  contains  both  the  sulphide  and  the 
oxide  of  allyl.  Allyl  is  a  very  volatile  liquid,  possessinga  specific  gravity  of  0.684, 
and  a  boiling  point  of  138°  P.  (59°  C.)  Formula  C^.  Allyl  was  isolated  by 
Berthelot  and  De  Luca  in  1856. 

Allyl  Alcohol.  An  organic  liquid,  one  of  the  series  of  alcohols.  (See  Alcohols.) 
It  is  of  interest  owing  to  some  compounds  of  its  radical  allyl  being  identical  with 
the  oils  of  mustard  and  garlic  They  are  as  follows :  Sulphide  of  allyl,  C6H10S,  a 
colorless,  highly  refracting  oil,  lighter  than  water,  and  boiling  at  140°  G.  (284°  F.) 
It  is  identical  in  composition  and  properties  with  oil  of  garlic.  Sulphocyanate  of 
allyl,  C4H5NS,  a  transparent,  colorless  oil,  having  in  a  very  high  degree  the  sharp 
penetrating  odor  of  mustard.  It  blisters  the  skin,  and  possesses  in  every  respect 
properties  of  the  essential  oil  extracted  from  black  mustard. 

Almach.     (Arabic.)    A  bright  star  on  one  of  the  feet  of  Andromeda. 

Almagest.  (Compounded  of  the  Arabic,  al,  the ;  and  the  Greek  fuywtov,  greatest.) 
The  name  given  by  Arabic  astronomers  to  the  celebrated  treatise  on  astronomy,  by 
Ptolemy. 

Almonds,  Oil  of  Bitter.  This  oil  is  produced  by  the  action  of  emulsin  on  the 
amygdalin  contained  in  bitter  almonds.  It  consists  chiefly  of  hydride  of  benzoyl, 
together  with  hydrocyanic  acid,  benzoic  acids,  benzoin  and  benzimide.  Hydride  of 
benzoyl,  or  pure  oil  of  bitter  almonds,  is  a  colorless  strongly  refracting  liquid,  with 
a  peculiar  smell  and  burning  taste.  It  boils  at  179°  C.  (354°  F.).  It  is  not 
poisonous  when  pure ;  the  ordinary  oil  of  bitter  almonds  owing  this  property  to  the 
hydrocyanic  acid  which  it  contains.  It  is  regarded  as  the  aldehyd  of  the  benzoic 
group.     Its  composition  is  C7H60. 

AiTri1f«n.  (Arabic.)  The  star  t  of  the  constellation  Orion.  It  is  the  middle 
star  of  Orion's  belt,  and  a  somewhat  remarkable  object,  being  involved  in  nebulous 
light.     It  is  also  variable. 

Alphard.  (Arabic.)  The  star  a  of  the  constellation  Hydra.  In  the  sea-snake's 
body.     The  star  is  also  called  Cor  Hydros. 

Alphecca.  (Arabic.)  The  leading  star  of  the  constellation  Corona  Borealis. 
It  has  been  called  "  the  gem  of  the  crown." 

AlpheratZ.  (Arabic.)  A  bright  star  in  the  head  of  Andromeda;  but  also 
represented  in  ancient  charts  as  appertaining  to  the  constellation  Pagasus.  It  is, 
in  fact,  according  to  Bayer's  nomenclature,  at  once  a  Andromedae,  and  6  Persei. 
(See  Alqenib.) 

Alphirk.    (Arabic.)    A  star  in  Cepheus. 

AlSiaiii.     (Arabic.)    The  star  j3  of  the  constellation  Aquila. 

Attair.    (Arabic.)    The  leading  star  of  the  constellation  Aquila. 
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Altitude.  [Altitudo,  height.)  In  astronomy,  the  angular  distance  of  a  heavenly 
body  from  the  horizon,  measured  in  the  direction  of  a  great  circle  passing  through 
the  object  and  the  point  overhead. 

Altitude  and  Azimuth  Instrument,  or  sometimes  the  Alt-Azimuth.  A  tele- 
scope so  constructed  as  to  be  movable  primarily  about  a  vertical  axis,  and  seconda- 
rily, about  a  horizontal  axis,  at  right  angles  to  the  tube  of  the  telescope.  Such  a 
telescope  may  be  directed  towards  a  celestial  object  by  two  movements.  Thus, 
suppose  the  telescope  directed  in  the  first  instance  horizontally  towards  the  north, 
and  that  the  object  to  be  observed  lies  towards  the  southwest,  and  at  an  elevation 
of  forty-five  degrees.  Then  the  telescope  must  first  be  turned  about  the  vertical 
axis  towards  the  west  and  through  an  angle  of  135  degrees,  then  on  the  horizontal 
axis  upwards  and  through  an  angle  of  45  degrees.  The  former  angle  is  called  the 
azimuth  of  the  object  (see  Azimuth),  the  latter  its  altitude  (see  Altitude) ;  and  the 
instrument  derives  its  name  from  the  fact  that  it  is  brought  to  bear  on  objects  by 
motions  affecting  these  relations.  For  scientific  purposes,  the  alt-azimuth  has  not 
been  much  used.  The  altitude  and  azimuth  of  every  celestial  object  are  continually 
changing,  bo  that  an  object  can  only  be  kept  in  the  field  of  an  alt-azimuth  by  a 
continual  and  variable  process  of  double  motion,  which  no  machinery  can  impart. 
The  alt-azimuth  has,  however,  been  used  at  Greenwich  for  determining  the  elevation 
of  the  moon  when  due  east  or  west. 

Alum.  (Alumen.)  Under  this  name  are  included  many  salts  which  are  formed 
upon  the  same  type — that  of  common  alum.  AlK(S04)r  12H20.  The  Al.  (alumi- 
nium) in  this  may  be  replaced  by  the  similar  metal  chromium,  or  iron,  and  the  K 
(potassium)  bythe  similar  metallic  group — ammonium  (NH4),  or  the  metals  silver, 
caesium,  etc.  The  following  alums  may  oe  described :  Double  Sulphate  of  Alumi- 
nium and  Potassium  (AlK(S04)3. 12HxO). — This  is  prepared  in  large  quantities 
for  use  in  the  arte  and  manufactures.  It  crystallizes  very  readily  in  large  colorless 
octahedral  crystals,  which  are  tolerably  soluble  in  water,  and  slightly  efflorescent  in 
the  air.  Double  Sulphate  of  Aluminium  and  Ammonium  ( Al(NH4)(S04)r  12HsO), 
or  Ammonia  alum. — This  is  very  similar  to  potash  alum,  and  is  used  indiscriminately 
with  the  latter  in  the  arts,  as  the  commercial  value  of  alums  depends  on  the  alumina 
and  not  on  the  other  base.  Commercial  alum  is  frequently  a  mixture  of  ammonia 
and  potash  alum.  Chrome  Alum. — Under  this  head  are  known  double  sulphates  of 
chromium,  with  sulphate  of  ammonium  or  sulphate  of  potassium.  The  one  best 
known  is  the  potassic  Chrome  alum  (CrK(S04)r  12H20);  it  crystallizes  in  large 
octahedrons,  which  have  a  splendid  ruby  red  color,  and  are  tolerably  soluble  in 
water. 

Alumina.    See  Aluminium. 

AlnmiTiiTiTTi  The  metallic  basis  of  alumina,  which,  in  combination  with  silica, 
is  the  chief  constituent  of  clay.  The  metal  itself  is  difficult  to  prepare,  but  of  late 
years  it  has  become  an  article  of  commerce,  and  may  be  obtained  at  a  reasonable 
price.    It  is  a  white  metal,  inalterable  in  the  air,  and  capable  of  taking  a  fine 

Solish ;  it  is  very  malleable  and  ductile,  and  somewhat  soft  after  fusion,  but  is  ren- 
cred  hard  by  hammering.  Its  specific  gravity  is  2.56 ;  it  melts  a  little  above  the 
fusing  point  of  zinc,  and  may  be  cast  with  readiness.  It  is  very  sonorous,  emitting 
a  clear  bell-like  sound,  when  a  bar  is  suspended  by  threads  and  struck  with  a  piece 
of  wood.  Its  electric  conductivity  is  about  equal  to  that  of  silver,  and  it  is  an 
excellent  conductor  of  heat.  Owing  to  its  inalterability  in  the  air,  and  non-attack 
by  sulphuretted  hydrogen,  aluminium  ornaments  retain  their  brilliancy  in  the  atmos- 
phere of  towns,  in  which  silver  would  tarnish  rapidly.  Aluminium  is  not  attacked 
(>y  nitric  acid,  dilute  sulphuric  acid,  or  vegetable  acids,  but  hydrochloric  acid  and 
caustic  alkaline  solutions  dissolve  it  readily.  The  atomic  weight  of  aluminium  is 
27.5,  and  its  symbol  Al.    The  principal  compounds  are  as  follows: — 

Chloride  of  Aluminium  (A1C13).  This  compound  is  prepared  by  heating  a 
mixture  of  alumina  and  carbon  in  a  current  of  dry  chlorine  gas ;  it  sublimes  at  a 
moderate  heat,  condensing  to  a  transparent  waxy  substance ;  it  is  very  deliquescent, 
and  its  solution  in  water  on  evaporation  yields  a  hydrated  chloride  in  crystals. 
Chloride  of  aluminium  unites  with  chloride  of  sodium  to  form  a  double  salt,  which 
is  permanent  in  the  air,  and  only  slightly  deliquescent.  This  compound  is  the  one 
by  means  of  which  the  metal  is  prepared.  When  sodium  is  heated  with  it,  the 
whole  of  the  aluminium  it  contains  is  reduced  to  the  metallic  state. 
Alumina.— This  is  the  only  known  oxide  of  aluminium ;  its  formula  is  AL,Or    It 
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is  a  white  Insoluble  powder  in  the  anhydrous  state,  and  after  strong  ignition  it  is 
almost  insoluble  in  acids.  Its  specific  gravity  varies  between  3.72  and  4.0.  In  the 
native  state  it  occurs  crystalline,  and  according  to  its  color  and  transparency,  is 
known  under  the  name  of  emery,  corundum,  sapphire,  ruby,  oriental  topaz,  and 
oriental  amethyst.  At  the  temperature  of  the  oxyhydrogen  flame,  alumina  fuses, 
and  if  chromate  of  potassium  is  added  to  it,  the  fused  mass  on  cooling  has  a  ruby 
color  like  the  natural  gem.  Alumina  forms  several  hydrates  when  precipitated 
from  solutions ;  it  unites  with  acids  to  form  salts,  the  most  important  of  which  will 
be  described  under  the  headings  of  the  respective  acids. 

Alwaid-  (Arabic.)  The  star  0  Draconis,  one  of  the  eyes  of  the  monster, 
according  to  the  maps. 

Amalgamated  ZlllC.  If  a  plate  of  common  commercial  zinc  be  placed  in  dilute 
sulphuric  acid,  it  is  quickly  dissolved  in  the  acid,  sulphate  of  zinc  being  formed : 
if,  however,  the  zinc  plate  be  amalgamated,  that  is  cleaned  by  immersion  in  acid 
and  then  rubbed  over  with  mercury,  so  as  to  present  a  bright  surface,  it  may  be 
placed  in  the  acid  without  being  attacked.  This  property  has  not  been  satisfac- 
torily accounted  for,  but  it  is  of  great  importance ;  for  it  was  pointed  out  by  Mr. 
Kemp  of  Edinburgh,  in  1826,  that  the  zinc,  on  being  amalgamated,  loses  none  of 
its  power  as  one  of  the  metals  of  a  voltaic  couple.  On  placing  a  copper  plate  in 
the  same  acid,  and  making  contact  between  the  two  plates,  the  solution  of  the  zinc 
at  once  commences ;  hydrogen  is  given  off  from  the  copper  plate,  and  an  electric 
current  is  produced.  If  the  connection  is  broken,  the  action  on  the  zinc  at  once 
stops.  Since,  therefore,  the  zinc  is  only  wasted  when  the  current  is  passing,  amal- 
gamated zinc  is  now  used  in  all  voltaic  arrangements. 

Amalgam,  Electric,  (apo,  together ;  ycyww,  to  unite,)  is  made  by  rubbing  together 
in  a  mortar  1  part  of  tin,  2  of  zinc,  and  6  of  mercury.  Or  the  zinc  and  tin  may  be 
melted  together,  and  poured  into  a  wooden  box  containing  the  mercury.  The  box  is 
then  closed,  and  smartly  shaken  till  cold.  The  powder  produced  in  either  of  these 
ways  is  mixed  with  a  little  grease  or  lard.  The  amalgam  is  used  for  smearing  the 
silk  with  which  glass  is  rubbed  in  obtaining  electricity  by  friction,  particularly  in 
the  case  of  the  rubbers  of  the  electric  machine.  It  is  found  that  its  application 
very  much  increases  the  quantity  of  electricity  obtained.  No  satisfactory  explana- 
tion has  been  given  of  its  action.  Probably  part  of  the  effect  is  due  to  the  perfect 
discharging  of  the  rubber,  which  would  be  effected  by  thus  giving  it  a  metallic 
coating. 

Amalgam*.    See  Alloys. 

Amber.  (Arab.  Anbar.)  A  fossil  gum  found  in  certain  geological  formations, 
and  sometimes  thrown  up  on  the  sea-shore.  It  is  hard,  brittle,  and  tasteless,  insolu- 
ble in  water  and  alcohol,  but  soluble  in  sulphuric  acid  and  in  alkalis.  The  specific 
gravity  varies  between  1.065  and  1.070.  Amber  is  susceptible  of  polish,  is  generally 
semi-transparent,  and  when  submitted  to  friction,  becomes  highly  electrical.  When 
subjected  to  destructive  distillation,  amber  yields  succinic  acid,  water,  oil,  and  an 
inflammable  gas. 

Ambergris.  A  substance  formed  in  the  intestines  of  the  spermaceti  whale,  and 
sometimes  cast  upon  the  sea-shore.  It  is  a  gray  brittle  solid,  possessing  a  peculiar 
odor.     Specific  gravity,  0.780  to  0.926. 

Amethyst  (apt9v<t*o{, — a,  not,  and  p*0t*>,  to  be  drunk.)  A  gem  so  named  from 
its  supposed  property  of  preventing  drunkenness.  The  common  amethyst  is  simply 
a  colored  crystal  of  quartz,  and  is  much  inferior  in  value  to  the  oriental  amethyst, 
which  consists  of  crystallized  alumina.    (See  Corundum.) 

Amianthus.    See  Asbestos. 

km\Atmi  A  term  used  to  express  a  compound  ammonia,  in  which  one,  two,  or 
three  of  the  hydrogen  atoms  are  replaced  by  an  acid  radical.  The  nomenclature  of 
this  subject  was  very  confused,  until  Gerhardt  and  Chiozza  (Ann.  Ch.  Phys.  (3) 
xlvi.),  proposed  certain  simplifications,  which  are  now  generally  adopted.  Ammonias, 
in  which  one  or  more  atoms  of  hydrogen  are  replaced  by  an  acid,  are  called  amides  ; 
thus  we  have  acetamide,  etc.  Ammonias,  in  which  one  or  more  atoms  of  hydrogen 
are  replaced  by  base  radicals,  are  called  amines;  thus  we  have  potassamine,  ethyla- 
mine.  Ammonias,  in  which  two  or  more  atoms  of  hydrogen  are  replaced  by  acid 
and  base  radicals,  are  called  alkalamides;  thus  we  have  ethylacetamide.  Further, 
these  three  classes  are  divided  into  monamxdes,  diamides,  and  triamides;  mono- 
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mines,  diamines,  and  triamines  ;  monalkalamides,  dialkalamides,  and  triaUcala- 
mides,  according  as  they  are  derived  from  one,  two,  or  three  molecules  of  ammonia. 

Amines.     See  Amides. 

Ammonia ;  or,  Volatile  Alkali.  A  colorless  gas  of  a  powerful  odor  and  taste ; 
its  specific  gravity  is  0.5893 ;  it  neither  supports  combustion  nor  respiration ;  it  is 
feebly  combustible,  and  has  the  same  action  upon  vegetable  colors  as  caustic  potash, 
the  effect,  however,  being  evanescent.  By  a  cold  of — 40°  C.  (-^O0  F.),  or  by  a 
pressure  of  six  atmospheres,  at  a  temperature  of  about  50°  F.,  ammoniacal  gas  is 
condensed  to  a  liquid,  in  which  state  it  is  colorless  and  very  mobile,  of  the  specific 
gravity,  0.76,  and  boiling  at  —33.7°  C.  (—28.75°  F.).  By  exposing  the  dry  gas  to  a 
pressure  of  20  atmospheres,  and  at  the  same  time  to  a  cold  of  — 75°  C,  1?  araday 
obtained  solid  ammonia  as  a  white  transparent  crystalline  body.  Ammoniacal  gas 
has  the  formula  NH3 ;  it  is  greedily  soluble  in  water,  with  evolution  of  heat,  and 
great  expansion,  forming  aqueous  ammonia,  or  solution  of  hydrated  oxide  of  ammo- 
nium. One  volume  of  cold  water  absorbs  670  volumes  of  ammonia,  or  nearly  half 
its  weight,  forming  a  solution  of  specific  gravity  0.875.  When  fully  saturated,  the 
specific  gravity  and  boiling  point  vary  according  to  the  amount  of  ammonia  dis- 
solved in  the  water.  A  perfectly  saturated  solution  has  a  specific  gravity  of  0.85 
and  a  boiling  point  of — 4°  O.  (25°  F.).  A  solution  of  specific  gravity  of  0.87  boils 
at  10°  C,  one  of  0.90  specific  gravity  boils  at  30°  O.,  one  of  0.93  specific  gravity 
boils  at  50°  C,  one  of  0.96  specific  gravity  boils  at  70°  C,  whilst  one  of  specific 
gravity  0.99  boils  at  92°  C.  Aqueous  ammonia  dissolves  many  oxides  and  salts 
which  are  insoluble  in  water,  such  as  oxide  of  copper,  chloride  of  silver,  etc.;  it  pre- 
cipitates most  of  the  heavy  and  earthy  metals  from  their  acid  solutions,  in  the  form 
of  hydrates  or  oxides,  and  on  this  account  is  a  most  valuable  test  in  chemical  analy- 
sis. By  exchanging  one,  two,  or  three  of  its  atoms  of  hydrogen  successively  for  a 
metal,  or  for  a  compound  radical,  the  important  class  of  amides  is  formed.  (See 
Amides.)  Ammonia  unites  with  acids  to  form  salts,  which,  in  their  chemical  com- 
position, are  identical  with  those  of  potassium  or  sodium  salts,  if  we  consider  that 
the  metal  in  the  compound  is  replaced  by  the  group  NH4  ammonium.  The  most 
important  ammoniacal  salts,  whicn  are  are  not  described  below,  are  given  under  the 
headings  of  the  respective  acids. 

Ammonium.  A  hypothetical  metal,  which  is  assumed  to  exist  in  ammoniacal 
salts ;  its  formula  is  NH»  By  adopting  this  theory,  which  was  first  proposed  by 
Berzelius,  ammoniacal  salts  are  brought  into  chemical  analogy  with  potassium  and 
sodium  salts,  which  they  resemble  almost  perfectly.  This  theory  has  derived  a 
singular  confirmation  in  the  discovery  of  an  amalgam  of  ammonium,  which  may  be 
obtained,  like  amalgam  of  potassium,  by  the  action  of  a  strong  galvanic  battery  on 
a  solution  of  ammonia,  the  negative  pole  being  formed  of  mercury.  The  mercury 
increases  largely  in  volume,  and  assumes  the  consistence  of  butter,  and,  when  fully 
saturated,  floats  upon  water.  At  0°  O.  it  solidifies  and  crystallizes  in  cubes.  At 
the  ordinary  temperature  this  amalgam  quickly  decomposes  into  ammonia  and 
hydrogen  and  liquid  mercury.  The  same  amalgam  may  be  prepared  by  bringing 
sodium  amalgam  into  contact  with  a  strong  and  warm  solution  of  chloride  of  ammo- 
nium, the  reaction  takes  place  rapidly,  and  the  buttery  amalgam,  after  being  rapidly 
dried,  may  be  preserved  for  a  considerable  time  in  castor  oil. 

Ammonium,  Chloride  of.  Known  also  as  Sal  Ammoniac.  A  compound  of 
ammonium  and  chlorine,  analogous  to  chloride  of  sodium  and  chloride  of  potassium. 
Its  formula  is  N  II4C1.  It  is  a  white  crystalline  substance,  readily  soluble  in  water, 
less  so  iu  alcohol ;  volatilized  by  heat  without  previous  fusion.  It  is  decomposed 
by  heating  with  slaked  lime,  when  gaseous  ammonia,  N  EL,  is  given  off. 

Ammonium,  Sulphide  of.  The  pure  sulphide  N  H4S,  forms  colorless  crystals 
which  are  volatile  at  the  ordinary  temperature.  The  aqueous  solution  is  frequently 
employed  in  the  laboratory  as  a  test ;  it  is  generally  prepared  by  passing  sulphuret- 
ted hydrogen  to  saturation  into  an  aqueous  solution  of  ammonia.  Sulphide  of 
ammonium  dissolves  excess  of  sulphur,  and  forms  a  yellow  liquid  which  consists  of  a 
mixture  of  several  higher  sulphides,  such  as  the  di-sulphide  (N  HJgS, ;  the  tri- 
sulphide  (N  HJ^S,;  the  tetrasulphide  (N  H4)J34,  etc. 

Amorphism.  fa,  without;  /uop^,  form.)  solids  are  either  crystalline  or  amor- 
phous ;  the  vitreous  condition  noticed  under  Allotropy,  being  a  variety  of  Amor- 
phism. An  amorphous  body  has  no  crystalline  structure,  no  planes  of  cleavage,  so 
that  it  can  be  broken  equally  well  by  applying  force  in  any  direction;  the  fracture 
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it  not  granular,  but  conchoidaL  The  same  body  may  often  occur  crystalline  or 
Amorphous,  and  it  is  generally  heavier,  harder,  and  less  soluble  in  the  crystalline 
than  in  the  amorphous  state.  The  passage  of  a  body  from  the  amorphous  to  the 
crystalline  state  is  called  transformation,  and  from  the  crystalline  to  the  amorphous 
state  deformation.  If  a  solution  be  cooled  too  rapidly,  the  solid  is  apt  to  become 
amorphous,  when,  under  other  conditions,  it  would  be  crystalline. 

An  amorphous  body  may  be  produced:  (1.)  by  fusion  or  vitrification,  of  which 
glass,  many  slags,  obsidian,  pumice  stone,  etc.,  are  examples;  (2.)  by  evaporation 
of  a  solution,  as  in  the  case  of  gum,  glue,  white  of  egg,  etc. ;  (3.)  by  precipitation, 
as  in  the  case  of  most  voluminous,  gelatinous,  and  viscid  matters,  thrown  down  from 
solutions. 

Some  examples  of  amorphism  are  riven  under  the  heading  Allotropy,  and  they 
might  be  multiplied  to  any  extent.  In  some  casses,  considerable  lignt  is  thrown 
upon  structure,  and  difference  in  property  depending  thereon,  by  considering  whether 
the  body  has  been  deposited  in  a  crystalline  or  an  amorphous  form.  Quartz,  for 
example,  has  a  specific  gravity  of  2.652,  it  refracts  light  aoubly,  is  slightly  soluble 
in  a  boiling  solution  of  potash,  and  does  not  harden  when  brought  into  contact  with 
lime  and  water.  Opal  (which,  like  quartz,  consists  of  silica)  has  a  specific  gravity 
of  2.09,  it  refracts  light  singly,  dissolves  readily  in  a  boiling  solution  of  caustic 
potash,  and  hardens  into  a  mortar  with  lime  and  water.  These  striking  differences 
seem  to  arise  from  opal  being  amorphous,  while  quartz  is  crystalline  silica.  Opal 
also  contains  combined  water,  which,  being  driven  off  by  neat,  leaves  the  silica 
nearly  as  soluble  in  potash  as  it  was  before.  There  are  many  phenomena  pertaining 
to  arsenious  acid,  which  seem  to  show  that  the  atoms  are  sometimes  in  the  amor- 
phous, and  at  other  times  in  the  crystalline  order.  Sugar  and  barley-sugar  afford 
other  examples. 

Ampere's  Rule.  Under  this  name  is  known  a  rule  which  Ampere  has  given,  by 
which  the  direction  of  deflection  of  a  magnetic  needle,  under  the  influence  of  a 
current  passing  in  its  vicinity,  may  be  determined  or  remembered.  (See  Electro- 
dynamics.) The  following  is  the  rule :  "  Imagine  an  observer  placed  in  the  wire 
which  conducts  the  current,  so  that  the  current  shall  pass  through  him,  from  his  feet 
to  his  head ;  and  let  him  turn  his  face  toward  the  needle ;  the  north  pole  is  always 
deflected  to  his  left  side."  The  law  may  be  verified  by  comparison  with  the  follow- 
ing table,  showing  the  direction  of  the  current,  and  the  effect  of  it  upon  the  needle. 
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Ampere's  Theory  Of  Magnetism.  L$d  by  the  resemblance  between  the  action 
of  magnets  upon  each  other  and  upon  currents,  and  the  mutual  action  of  solenoids, 
Ampere  proposed  a  theory  of  magnetism,  according  to  which  all  magnetic  pheno- 
mena are  brought  under  the  laws  of  electro-dynamics.  He  supposes  closed  electric 
currents  to  circulate  around  the  elementary  molecules  of  all  magnetic  substances. 
In  the  unmagnetized  condition  of  the  body  these  currents  flow  in  all  directions  with 
respect  to  each  other,  and  to  the  mass  of  matter ;  but  when  the  body  is  magnetized, 
they  are  all  turned  round  in  such  a  way  that  the  planes  in  which  they  flow  are  par- 
allel to  each  other,  and  perpendicular  to  the  line  joining  the  poles  of  the  magnet. 
Farther,  he  supposes  the  currents  to  circulate  in  the  direction  of  the  hands  of  a 
watch  to  an  observer  looking  from  south  to  north.  A  little  consideration  will  show 
that  the  effect  of  the  currents  passing  round  a  molecule  in  the  interior  of  the  magnet 
upon  exteral  bodies  is  null,  it  being  neutralized  by  the  effects  of  the  current's  circu- 
lating about  the  molecules  which  surround  it ;  but  at  the  exterior  of  the  magnet  there 
will  be  a  general  resultant,  consisting  of  parallel  currents  circulating  round  the 
magnet,  ana  these  will  give  rise  to  attraction  and  repulsion  precisely  as  do  the  cur- 
rents in.  a  solenoid    (See  Electron-dynamic*  ;  Solenoid.) 

Amphid  Salt.    See  Haloid. 
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Amplitude.  In  astronomy,  the  distance  of  a  celestial  object  at  rising  or  setting 
from  the  east  or  west  points  of  the  horizon  respectively. 

Amplitude  of  Vibration.  (Amplitudo  (ampins),  extent.)  In  sound,  the  ampli- 
tude of  the  vibration  of  a  point  on  a  sonorous  body  is  the  greatest  distance  between 
two  positions  of  the  point.  Thus,  if  a  horizontal  string  vibrate  in  a  vertical  plane 
without  the  formation  of  nodes  (see  Nodes),  all  the  points  of  the  string  will  travel 
upwards  and  downwards  together.  The  amplitude  of  each  particle's  vibration  is  the 
distance  from  its  highest  to  its  lowest  position.  It  is  clear  that  the  central  point  of 
the  string  will  traverse  the  longest  path  (the  amplitude  of  its  vibration  will  be  the 
greatest),  and  that  this  path  will  be  a  straight  line.  The  paths  of  each  pair  of 
points  on  each  side  of  the  central  point  will  be  equal  and  similar,  but  less  than  that 
of  the  central  one.  But  little  error  is  involved  in  considering  the  string  to  have  the 
shape  of  a  circular  arc  in  all  its  positions,  the  radius  of  the  circle  increasing  as  the 
string  approaches  the  straight  line  (its  original  position),  when  the  radius  of  its  cur- 
vature is  infinite.  Each  point  may  also  be  assumed  to  have  a  straight  path  when 
the  vibration  is  not  great  in  comparison  with  the  length  of  the  string.  Compared 
with  surface  waves  (see  Waves  in  liquids),  or  undulations,  the  vibration  of  a  string 
presents  this  difference.  In  the  liquid,  all  the  particles  of  the  surface  enjoy  in  suc- 
cession the  same  amount  of  "  excursion,"  the  amplitude  of  the  motion  of  each  is  the 
same ;  this  is,  as  we  have  just  seen,  not  the  case  with  the  vibrating  string. 

The  amplitude  of  the  motion  of  a  particle  of  the  medium  through  which  a  sono- 
rous wave  passes,  is,  in  like  manner,  the  distance  between  its  extreme  positions — 
that  is,  the  point  which  it  occupies  when  its  immediate  neighbors  and  itself  are  in 
a  state  of  maximum  compression,  and  when  they  are  again  in  the  state  of  maximum 
condensation.  (See  Propagation  of  Sound.)  For  as  the  sonorous  wave  passes 
along,  each  particle  of  the  medium  oscillates  backwards  and  forwards,  and  if  the 
points  of  the  sonorous  body  vibrate  in  straight  lines,  which  is  not  always  the  case 
(see  Color  of  Sound),  so  also  will  the  particles  of  the  medium.  Whatever  be  the 
actual  shape  of  the  path  described  by  a  particle,  the  amplitude  of  its  vibration  is 
considered  as  the  distance  between  its  extreme  positions,  whether  the  body  be  a 
sonorous  arc  or  a  vibrating  medium. 

Amygdalin.  The  crystalline  principle  of  bitter  almonds,  laurel  leaves,  etc.  It 
forms  white  scales  of  a  pearly  lustre  very  soluble  in  water;  its  composition  is 
CUH27N  0„.3  H20.  It  is  the  source  of  bitter-almond  oil  and  hydrocyanic  acid,  into 
which  and  glucose  it  splits  under  the  influence  of  emulsin,  a  ferment  which  exists 
with  it  in  the  plant,  and  commences  to  act  when  made  into  a  paste  with  water. 

AmyL  (afuAov,  starch.)  A  colorless  liquid  hydrocarbon,  isolated  by  Frankland 
in  1849.  Its  formula  is  C5H„ ;  boiling  point,  311°  F.  (155°  C.) ;  vapor  density, 
4.90 ;  specific  gravity  at  32°  F.  0.7413.  Amyl  exists  in  an  impure  state  in  potato 
fousel  oil,  and  is  also  formed  during  the  destructive  distillation  of  coal. 

Analogous  Pole.  A  term  used  in  describing  the  phenomena  of  pyro-electricity. 
Certain  crystals  while  being  heated  exhibit  electric  polarity,  one  end  assuming  the 
positive  state,  and  the  other  the  negative.  While  cooling,  the  polarity  changes, 
the  end  which  during  the  heating  became  positive  now  becoming  negative,  and  vice 
versa.  (See  Pyro-electricity.)  The  end  which  becomes  positive  as  the  temperature 
increases,  and  negative  while  it  decreases,  is  called  the  analogous  pole ;  the  end 
which  becomes  negative  while  the  temperature  increases,  and  positive  while  it  de- 
creases, is  the  antilogous  pole.    The  names  are,  however,  but  little  used. 

Analyzer.  The  Nicol  prism,  slice  of  tourmaline,  or  crystal  of  herapathite,  which 
is  placea  next  the  eye  in  a  polariscope,  and  serves  to  analyze  the  beam  which  has 
passed  through  the  polarizer  and  doubly  refracting  substance.  (See  Polariscope; 
Polarizer  ;  Polarized  Light.) 

Analysis.  Chemical.  (o*b,  back  or  up ;  Xturi*,  a  loosening  or  releasing.)  Chemical 
analysis  is  tie  resolving  of  a  compound  body  into  its  constituent  parts,  whether  it 
be  merely  the  purpose  of  discovering  what  the  constituents  of  it  are,  in  which  case 
it  is  called  qualitative  analysis,  or  for  the  purpose  of  determining  also  in  what  pro- 
portion they  occur,  when  it  is  called  quantitative  analysis.  The  description,  even 
in  the  briefest  possible  manner,  of  the  method  of  performing  analyses  would  be,  of 
course,  far  beyond  our  limits.  All  that  we  can  do  here  is  to  give  the  most  general 
statement  of  the  objects  of  analysis,  and  an  indication  of  what  means  are  adopted  for 
the  fulfilling  of  these  objects,  and  to  mention  the  sources  from  which  the  reader  may, 
as  far  as  books  are  concerned,  obtain  detailed  information.    The  actual  performance 
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of  analysis  requires  considerable  chemical  knowledge,  especially  minute  knowledge 
of  certain  properties  of  bodies,  their  forms,  their  behavior  in  presence  of  certain  other 
bodies,  their  solubility,  both  absolute  and  relative  in  various  liquids,  their  comport- 
ment in  presence  of  heat  and  flame,  and  so  forth ;  and  besides  this,  skill  in  manipula- 
tion, in  the  application  of  tests,  or  reagents,  as  they  are  called,  and  very  frequently 
in  fitting  up  apparatus.  If  the  analysis  be  of  any  but  the  most  simple  and  straight- 
forward Kind,  a  skill  that  can  only  be  gained  by  considerable  laboratory  practice  will 
be  absolutely  necessary  for  its  accomplishment.  The  reader  will  find  information 
regarding  the  methods  employed  in  Faraday's  Chemical  Manipulation  and  in  the 
text-books  to  be  mentioned  immediately. 

There  are  various  objects  with  which  an  analysis  may  be  undertaken,  and  there 
are,  therefore,  various  ways  in  which  it  may  be  accomplished.  For  example,  in  one 
ease  it  may  be  necessary  with  regard  to  a  given  specimen  to  name  every  constituent 
that  occurs  in  it,  as  in  the  analysis  of  an  unknown  mineral ;  in  another,  the  question 
may  simply  be,  Is  a  certain  body  here,  or  is  it  not  ?  which  frequently  happens  in 
cases  of  medical  chemistry.  Then  there  is  mineral  analysis,  and  the  analysis  of 
commercial  products,  there  is  the  examination  of  water  and  the  like,  and  there  is  the 
analysis  of  organic  bodies,  which  may  itself  be  divided  into  an  enormous  number  of 
different  kinds,  and  it  is  the  business  of  the  analyst  to  understand  the  various  meth- 
ods, and  to  apply  one  or  more  which  shall  accomplish  his  object  with  a  degree  of 
accuracy  depending  upon  the  importance  of  the  inquiry,  and  with  a  proper  regard 
to  the  time  at  his  disposal. 

When  the  problem  is  one  belonging  to  qualitative  analysis,  it  is  generally  solved 
in  one  of  two  ways,  or  by  a  combination  of  the  two.  It  is  well  known  that  heat  and 
especially  flame,  produce  very  remarkable  changes  in  the  appearance  and  properties 
of  many  bodies ;  these  changes  are  very  definite  and  depend  only  on  the  nature  of 
the  flame  and  of  the  substance  to  which  it  is  applied,  and  a  knowledge  of  this,  and 
the  application  of  the  "  flame  tests,"  as  they  are  called,  very  often  gives  with  great 
rapidity  the  knowledge  required.  The  other  principal  way  may  roughly  be  said  to 
be  that  of  the  application  of  liquid  tests.  The  body  is  by  some  means  got  into  solu- 
tion in  some  known  liquid,  and  then  other  liquids  called  tests  or  reagents  are  added 
to  the  solution  thns  made.  The  mixing  together  of  these  liquids  is  intended  to  pro- 
duce a  precipitation  of  a  solid  substance  in  the  liquid,  a  change  of  color,  an  efferves- 
cence of  gas  or  some  other  phenomenon  which  can  readily  be  detected  by  sight,  smell, 
or  taste ;  and  the  comparison  of  the  result  with  what  we  should  expect  from  previous 
knowledge  to  take  place  if  some  supposed  body  were  present,  indicates  to  us  whether 
it  is  so  or  not.  Of  these  methods  there  are,  as  we  have  said,  numberless  variations ; 
in  fact,  they  are  altered  more  or  less  with  every  fresh  case.  Very  great  help  is  now 
derived  in  qualitative  analysis,  particularly  iu  difficult  cases,  or  cases  where  a  minute 
trace  of  a  body  is  to  be  detected,  by  the  use  of  the  spectroscope.  By  means  of  it 
very  remarkable  discoveries  have  lately  been  made,  and  the  advantage  of  its  aid  is 
being  felt  daily  more  and  more.     (See  Spectroscope  ;  Spectrum  Analysis.) 

In  quantitative  analysis,  where  the  object  is  not  only  to  know  what  bodies  are 
present,  but  to  know  the  proportions  in  which  they  are  associated,  two  great  methods 
are  adopted,  which  are  known  by  the  names  of  analysis  by  weight,  aud  volumetric 
analysis.  The  general  principle  of  the  first  is  to  combine  the  elements  one  after 
another  by  precipitation  with  some  other  elements  or  groups,  and  thus  to  form  insol- 
uble compounds.  These  precipitates  are  collected  and  weighed,  and  by  calculation 
from  the  results  obtained  it  is  easy  to  deduce  the  number  required.  (See  Affinity  ; 
Atomic  Weight.)  The  other  method  is  frequently  used  when  it  is  only  required  to 
know  the  quantity  of  some  one  body  present  in  the  known  weight  of  a  given  speci- 
men. It  will  perhaps  be  best  understood  by  an  example.  Suppose  it  were  required 
to  find  the  quantity  of  alkali  in  100  grains  of  a  rough  commercial  product.  A  solu- 
tion of  it  is  made,  and  a  small  quantity  of  litmus,  which  is  blue  in  the  presence  of 
free  alkali,  but  red  in  presence  of  free  acid  (see  Litmus),  is  added.  A  solution  of 
acid  is  then  made  of  standard  strength,  as  it  is  called,  that  is,  a  solution  containing 
m  every  cubic  inch  a  certain  known  quantity  of  acid,  and  this  is  gradually  mixed 
with  the  solution  to  be  tested.  The  acid  combines  with  alkali  and  forms  a  salt,  and 
the  greater  the  quantity  of  alkali  present  the  greater  the  quantity  of  the  acid  solu- 
tion required  in  order  to  satisfy  it  As  long  as  there  is  an  excess  of  alkali  the  litmus 
remains  blue,  bat  the  moment  the  acid  predominates  the  litmus  turns  red ;  and  by 
noting  the  quantity  of  standard  acid  solution  added,  the  amount  of  alkali  in  the  100 
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grains  of  the  given  compound  is  readily  calculated.    Volumetric  analysis  is  carried 
on  by  means  of  such  processes  as  that  described. 

For  further  information  we  refer  our  readers  to  Fresenius's  Handbooks  of  Analy- 
sis, Qualitative  and  Quantitative,  to  Miller's  Elements  of  Chemistry,  Watt's  Dic- 
tionary of  Chemistry,  and  for  details  of  special  processes  on  this  vast  subject,  we 
can  do  no  more  than  suggest  the  Journal  of  the  Chemical  Society. 

Analysis,  Spectrum.    See  Spectrum  Analysis. 

Anamorphoses,  (wo,  again,  and  pop4ta>0t$,  a  form.)  A  distorted  drawing  which 
appears  at  first  sight  confused  and  unintelligible,  but  which  from  the  proper  point 
oi  view  appears  correctly  drawn. 

Anatase.    See  Titanium,  Dioxide. 

Andromeda.  One  of  Ptolemy's  northern  constellations.  It  is  represented  in 
the  maps  under  the  figure  of  a  woman  chained  by  the  hands  and  feet.  This  constel- 
lation includes  several  remarkable  objects,  amongst  which  may  be  mentioned  spe- 
cially the  triple  star  Gamma  Andromedae,  and  the  wonderful  nebula  31  Messier, 
compared  by  its  discoverer,  Simon  Mayer,  to  the  light  of  a  horn  lantern.  This 
nebula  is  chiefly  remarkable  for  its  great  size  and  brightness,  and  the  great  difficulty 
which  astronomers  have  experienced  in  resolving  it  into  discrete  points  of  light. 
It  has  been  so  resolved,  however,  and  Mr.  Huggins  has  discovered  that  the  spectrum 
of  the  nebula  resembles  that  of  the  fixed  stars,  but  with  a  somewhat  sudden  dimi- 
nution of  light  towards  the  red  extremity, 

Anemometer,  (ow/ao*,  wind,  and  futpov,  measure.)  An  instrument  for  measuring 
the  velocity  or  force  of  the  wind. 

Robinson's  Anemometer,  called  also  the  Hemispherical-cup  Anemometer,  is  one 
of  the  best  for  measuring  the  velocity  of  the  wind.  Four  hundred  hemispherical 
cups  are  affixed  to  the  ends  of  two  horizontal  cross-rods,  forming  a  square  cross. 
The  cross-rods  are  supported  in  a  horizontal  position  on  a  vertical  axis,  about  which 
they  can  turn  freely.  The  cups  being  so  attached  that  the  circular  rim  of  each  is 
in  a  vertical  plane  through  the  supporting  pole,  and  the  convexity  of  each  towards 
the  concavity  of  the  next,  it  is  clear  that  in  whatever  direction  the  wind  may  be 
blowing  horizontally,  the  cups  will  "catch  the  wind"  and  the  cross-rods  rotate.  An 
endless  screw  on  the  vertical  rod  communicates  motion  to  a  series  of  index-wheels, 
and  thus  the  number  of  miles  traversed  by  the  wind  in  any  given  time  can  readily  be 
noted.  The  instrument  is  tested  by  being  conveyed  at  considerable  speed  for  a  given 
distance  and  back  again,  on  a  calm  day,  its  indications  being  compared  with  the 
distance  actually  traversed. 

By  suitable  contrivances  this  instrument  may  be  made  to  indicate  the  varying 
velocity  of  the  wind,  as  well  as  the  average  velocity  in  a  given  time;  but  the 
machinery  for  the  purpose  is  complicated  and  expensive. 

Lind's  Anemometer  is  intended  to  indicate  the  actual  pressure  exerted  by  the 
wind  on  a  surface  of  given  size.  A  tube  bent  into  the  form  of  the  letter  U  is  placed 
with  both  legs  vertical  and  the  bent  part  of  the  tube  downwards ;  one  leg,  which 
reaches  higher  that  the  other  is  bent  near  the  top,  at  a  right  angle.  The  whole 
instrument  is  half  filled  with  water,  and  being  so  suspended  as  to  turn  freely  on  a 
horizontal  axis,  a  vane  attached  to  the  tube  causes  it  always  to  turn  the  open  end 
of  the  bent  leg  in  the  direction  from  which  the  wind  is  blowing.  Thus  the  wind 
blows  into  the  bent  tube,  and  by  its  pressure  on  the  surface  of  the  water  within  the 
instrument,  causes  the  level  to  fall  in  the  bent  tube  and  to  rise  proportionately  in 
the  other.  A  scale  attached  to  the  unbent  tube  indicates  the  difference  between  the 
two  levels,  or,  in  other  words,  the  height  of  a  column  of  water  capable  of  counter- 
poising the  pressure  of  the  wind. 

This  instrument  may  also  be  used  to  indicate  the  maximum  pressure  of  the  wind 
during  any  interval,  by  using  instead  of  water  a  chemical  solution  capable  of  coloring 
pieces  of  paper  attached  at  different  levels  within  the  unbent  tube. 

Whewell  and  Casella  have  also  devised  instruments  for  registering  the  direction 
and  velocity  of  the  wind. 

Anemometry.  The  art  of  measuring  the  force  or  velocity  of  the  wind.  (See 
Anemometer.) 

Anemoscope,  (awfioj,  wind,  and  ago***,  to  view.)  An  instrument  for  indicating 
the  direction  of  the  wind.  An  ordinary  vane  is  an  anemoscope ;  but  the  term  is 
commonly  limited  to  appliances  by  which  the  direction  of  the  wind  is  indicated  to 
an  observer  placed  where  the  wind  is  not  felt 
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Aneroid  Barometer.    See  Barometer,  Aneroid. 

Angelina.  An  asteroid  discovered  by  M.  Tempel,  at  Marseilles,  on  March  4th, 
1861.  The  name  refers  to  the  astronomical  station  at  Notre  Dame  des  Anges,  near 
Marseilles. 

Angle  of  Least  Deviation.  If  a  ray  of  homogeneous  light  is  allowed  to  pass 
through  a  prism  it  will  be  bent  from  its  straight  path.  By  gently  rotating  the  prism 
on  its  axis  the  emergent  beam  will  be  found  to  be  bent  in  different  degrees  from  its 
original  path.  The  position  of  the  prism  when  the  beam  is  least  bent  from  a 
straight  path  is  called  the  position  of  least  deviation,  and  the  angle  formed  by  it 
with  the  incident  ray  of  light  is  called  the  angle  of  least  deviation.  (See  Prism; 
Spectroscope^ 

Angle  Of  Polarization.     See  Polarizing  Angle. 

Angle  of  Repose.  The  greatest  angle  with  the  horizontal  at  which  a  given  in- 
clined plane  can  support  a  given  body  at  rest ;  called  also  limiting  angle  of  resist- 
ance.   (See  Inclined  Plane  ;  Friction.) 

Anglesite.     See  Sulphates  ;  Lead. 

Angular  Velocity.  The  angular  velocity  of  one  body  about  another  is  the  rate 
at  which  a  line,  continually  drawn  from  the  former  to  the  latter,  shifts  its  direction 
in  space. 

Anhydrides,  (a,  without ;  v&op,  water.)  Chemical  compounds,  when  they  are 
free  from  water,  arc  said  to  be  anhydrous,  and  are  often  spoken  of  as  anhydrides. 
Thus  ELS04  is  the  composition  of  sulphuric  acid ;  by  removing  the  elements  of 
water,  HaO,  we  obtain  SO,,  which  is  sulphuric  anhydride.  There  are  also  organic 
anhydrides,  such  as  benzoic  anhydride,  and.ethionic  anhydride.  Salts,  when  free 
from  their  water  of  crystallization,  are  termed  anhydrous  salts,  as  opposed  to 
hydrated  salts. 

Anhydrite.    See  Sulphates ;  Calcium. 

Anhydrous  Salts,    oee  Anhydrides. 

Aniline.  A  transparent  colorless  oily  liquid,  having  a  somewhat  pleasant  odor 
and  aromatic  burning  taste ;  it  is  slightly  soluble  in  water,  forming  a  faintly  alkaline 
solution ;  it  is  miscible  in  all  proportions  with  alcohol,  ether,  sulphide  of  carbon,  and 
fixed  and  volatile  oils ;  its  specific  gravity  is  1.02  ;  it  boils  at  182°  C.  (360°  F.) ;  it 
is  iuflammable,  burning  with  a  bright  smoky  flame ;  its  formula  is  C6H7N ;  it  has 
been  described  in  chemical  works  under  the  names  of  Phenylamine,  Crystalline, 
Kyanol,  Benzidam,  and  Phenamide.  Aniline  is  supposed  to  be  derived  from 
ammonia  (NH3),  by  the  replacement  of  one  of  the  hydrogen  atoms  by  phenyl  C6H5. 
It  is,  therefore,  a  phenyl  monamine,  and  may  be  called  monophenylamine.  Aniline, 
which  a  few  years  ago  was  a  substance  of  scientific  interest  only,  is  now  prepared 
by  hundreds  of  tows  for  the  manufacture  of  its  colored  derivatives,  known  as  the 
aniline  dye3.  These  will  be  described  under  their  chemical  names  in  the  following 
paragraphs.  Aniline  is  a  powerful  base  and  saturates  acids,  forming  salts ;  which 
are  generally  highly  crystalline.  Amongst  its  salt3  may  be  mentioned — Hydrochlo- 
rate  of  Aniline,  very  soluble  needle-shaped  crystals;  Nitrate  of  Aniline,  crystal- 
lizing in  concentric  needles ;  Oxalate  of  Aniline,  which  crystallizes  in  stellate  groups 
of  oblique  prisms,  which  are  only  slightly  soluble  in  cold  water. 

The  substitution  derivatives  of  aniline  are  of  the  highest  complexity,  owning  to 
its  containing  so  many  atoms  which  may  be  replaced  by  other  bodies.  It  would 
require  an  elaborate  treatise  on  organic  chemistry  to  render  the  formation  of  these 
compounds  sufficiently  intelligible;  we  shall,  therefore,  simply  select  the  most 
important  of  them,  without  attempting  to  enter  into  details  respecting  their  rela- 
tionships. 

Mauvine.  This  is  a  nearly  black  crystalline  body.  It  is  an  organic  base,  having 
the  composition  C„H24N4 ;  it  unites  with  acids,  forming  salts,  which  constitute  the 
well-known  aniline  purple  or  mauve.  The  substance  originally  prepared  by  Perkin 
is  the  sulphate  of  this  base ;  it  forms  small  crystals  having  a  strong  green  metallic 
lustre,  dissolving  in  water  forming  a  purple  solution,  and  having  intense  tinctorial 
powers. 

Rosaniline,  or  Aniline  Red,  known  also  as  roseine,  fuchsine,  azaleine,  magenta, 
etc.  An  organic  base  crystallizing  in  white  needles,  capable  of  uniting  with  acids 
to  form  salts.  These  salts  form  the  coloring  matter  of  commerce.  The  formula  of 
rosaniline  is  C^H^N,.  The  acetate  of  rosaniline  separates  in  magnificent  crystals, 
sometimes  an  inch  in  diameter,  and  possessing  a  brilliant  green  metallic  lustre ;  they 
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are  very  soluble  in  water,  and  form  a  deep  red  solution.  Hydrochlorate  of  rosaniline 
crystallizes  in  large  rhombic  plates,  slightly  soluble  in  water.  The  nitrate  crys- 
tallizes in  needles.  The  salts  usually  met  with  in  commerce  for  dyeing  purposes  are 
the  acetate,  hydrochlorate,  and  nitrate.  Silk  and  wool  dipped  into  aqueous  solu- 
tions of  either  of  these  salts  withdraw  them  from  solution  and  become  dyed  of  a 
beautiful  rose-red  color.  Cotton,  on  the  other  hand,  does  not  withdraw  this  coloring 
matter,  but  must  be  first  treated  with  a  mordant  of  some  animal  substance,  such  as 
albumen. 

Tri-ethvlrosaniline  (C20H,B(C2H5),N3).  This  is  formed  by  replacing  three  of  the 
atoms  of  hydrogen  in  rosaniline  f>y  the  same  number  of  atoms  of  the  radical  ethyl. 
Its  salts  are  of  a  rich  violet  color,  and  are  used  as  a  dye  for  silk  and  wool,  being 
known  in  commerce  as  Hofmann's  violet,  after  the  discoverer. 

Triphenyl-rosaniline  (C.2pH,6(C6H5).,N3).  This  base  is  formed  in  a  similar  man- 
ner  to  the  one  last  described,  the  radical  phenyl  being  substituted  for  ethyl.  The 
salts  of  this  base  are  blue ;  diphenyl-rosaniline  giving  bluish-violet  salts,  and  mono- 
phenyl-rosanaline  giving  violet  salts.  By  introducing  the  radical  tolyl  (by  employ- 
ing an  aniline  containing  toluidine)  mono-  di-  and  tri-  tolyl-rosanilines  are  obtained, 
which  resemble  in  color  the  corresponding  phenyl  compounds.  The  pure  salts  of  the 
triphenyl-rosaniline  are  known  in  commerce  as  night  blue,  or  bleu  lumihre.  Triphe- 
nyl-rosaniline forms  a  conjugate  acid  with  sulphuric  acid,  which  is  very  soluble  even 
in  cold  water ;  this  is  known  in  commerce  as  soluble  blue.  When  it  is  remembered 
that  several  atoms  of  hydrogen  in  rosaniline  can  each  be  replaced  by  methyl,  ethyl, 
amyl,  phenyl,  tolyl,  and  a  nundred  other  similar  radicals,  and  that  each  of  the 
resulting  compounds  possesses  tinctorial  powers,  it  will  be  readily  understood  that 
the  aniline  dyes  of  this  class  are  almost  as  numerous  as  the  experimentalists  who 
have  worked  on  the  subject.  Moreover,  as  the  technical  processes  of  making  these 
dyes  were  found  out  usually  long  before  the  scientific  explanation,  or  chemical  for- 
mula, of  the  coloring  matter  was  established,  it  will  scarcely  be  wondered  at  that 
litigation  has  been  so  frequently  associated  with  this  branch  of  industry. 

Aniline  Green  is  another  coloring  matter  produced  from  the  substitution  action 
on  rosaniline.  There  are  several  aniline  greens,  but  their  chemical  composition  has 
not  yet  been  definitely  settled. 

Chrysaniline  (C^H^N,).  This  is  an  amorphous  yellow  substance,  almost  in- 
soluble in  water,  but  readily  soluble  in  alcohol,  forming  a  rich  orange  solution,  which 
dyes  silk  and  wool  of  a  splendid  golden  yellow  color.  Chrysaniline  is  a  weak  base, 
forming  crystalline  salts  with  aeids.  Besides  these  dyes  of  well-defined  composition, 
others  have  been  prepared  of  a  black,  brown,  primrose,  orange,  and  other  colors,  but 
their  chemical  history  not  having  yet  been  satisfactorily  made  out,  their  description 
belongs  more  to  the  domain  of  technology  than  to  that  of  pure  soience. 

A*"TT\ftl  Heat.  The  human  body  possesses  an  invariable  temperature  of  about 
98.6°  F.,  although  the  surrounding  atmosphere  may  have  a  far  lower  temperature. 
Thus  the  temperature  of  the  blood  of  a  Greenlander  is  practically  the  same  as  that 
of  an  inhabitant  of  Ecuador  or  India.  There  is  an  internal  source  of  heat  in  all 
organized  beings,  and  it  is  due  to  chemical  action,  in  the  form  of  oxidation.  The 
various  products  of  food  are  oxidized  in  the  lungs,  the  carbon  becomes  carbonic  acid 
gas,  the  hydrogen  becomes  water,  and  the  heat  produced  by  the  chemical  combina- 
tion— that  is,  by  the  clashing  together  of  the  combining  molecules — serves  to  keep 
the  blood  at  an  uniform  temperature.  The  lungs  have  been  often  called  the  furnace 
of  the  body,  while  the  carbon  and  other  oxidizable  constituents  of  venous  blood  are 
the  fuel,  and  the  inspired  air  yields  the  oxygen  necessary  for  the  combustion.  The 
inhabitants  of  cold  countries  consume  a  far  larger  quantity  of  carbonaceous  food  than 
those  of  more  southern  climes,  because  they  require  a  larger  amount  of  heat  to  pre- 
serve their  blood  at  a  temperature  of  98.6°  F.,  and  hence  a  larger  amount  of  bodily 
fuel.  (See  Respiration.)  In  certain  diseases  the  temperature  of  the  blood  exceeds 
98.6°,  but  even  in  very  severe  cases  of  fever  the  excess  is  not  more  than  3.6°  F. 

Birds  possess  the  highest  temperature,  and,  as  we  should  expect,  they  also  evolve 
a  far  larger  amount  of  carbonic  acid  in  a  given  volume  of  expired  air  than  other  ani- 
mals. 1  he  blood  of  mammalia  comes  next  in  order  as  regards  temperature,  then 
that  of  amphibia,  fishes,  aud  insects ;  while  Crustacea  and  worms  possess  the  lowest 
temperature  of  all,  as  may  be  seen  from  the  following  table : — 
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Temperature  of  the  Blood  of  Various  Animals. 


Temperature    Temperature 
of  the  air. 
770  p. 

78 
80 
85 
75 
78 
86 
78 
80 
79 
80 
84 


iui|mniiura 

'the  blood. 

Name. 

llio  F. 

Bat, 

109.5 

Porpoise, 

108 

Elephant, 

107 

Horse,    . 

105 

Man, 

104.5 

Serpents, 

104.5 

Testudo  midas, 

103 

Oyster,  . 

102 

Crayfish, 

102 

Shark,    . 

102 

Snail,     . 

101 

Glowworm,     . 

Temperature 
of  the  air. 

82QR 

72 

80 

80 

79 

81.5  t 

79.5 

82 

80 

71.75 

76.25 

73 


Temperature 
of  the  blood. 

100°  F. 
100 

99.5 

99.5 

98.6 

88.5 

84 

82 

79 

77 

76 

74 


Chicken, 
Pigeon, . 
Sparrow, 
Jackdaw, 
Hog,      . 
Sheep,    . 
Monkey, 
Elk,       . 
Ox, 
Cat, 

Rat,       . 
Jackal,  . 

The  temperature  of  the  blood  is  nsnsally  determined  by  placing  a  very  delicate 
and  sensitive  thermometer  under  the  tongue. 

M.  Radau  (La  Chaleur,  p.  98),  in  speaking  of  the  disengagement  of  heat  by 
plants,  says,  "  Dans  une  jeune  tige,  dans  les  racines,  les  bourgeons,  les  fleurs,  les 
fruits,  des  combinaisons  chimiques  ont  lieu,  qui  ont  pour  eflet  le  d£veloppement  des 
organes ;  ces  combinaisons  ne  sont  pas  tres-£uergiques,  mais  el  les  sont  neanmoins 
accompagnees  d'un  faible  d£gagement  de  chaleur."  He  instances  the  fact  that  the 
spathe  of  the  common  arum  at  the  time  of  flowering  possesses  a  temperature  of  7°C. 
(12.6  F.)  above  that  of  the  surrounding  air ;  while  in  the  Isle  of  France,  the  arum 
cordifolium  has  an  excess  of  temperature  of  30°  C.  (54°  F.),  which  may  be  readily 
shown  by  placing  a  thermometer  in  the  centre  of  the  flower. 

Animal  Nutrition.  The  animal  body  may  be  regarded  as  a  machine  which  has 
to  perform  certain  work,  including  voluntary  movement  of  the  limbs;  involuntary 
movement,  such  as  that  of  the  heart  and  lungs  and  the  circulation  of  the  blood ;  brain 
work,  either  animal  or  intellectual ;  besides  which  the  temperature  has  to  withstand 
a  constant  drain  upon  it  from  radiation  and  evaporation.  In  addition  to  all  this,  the 
natural  wear  and  tear  of  the  body,  the  growth  of  certain  parts,  and  (up  to  maturity) 
the  increase  of  bulk  of  all  portions  have  to  be  supplied.  In  order  to  supply  this  con- 
stant drain  upon  its  resources,  a  constant  influx  of  material  is  necessary  in  the  form 
of  food.  If  this  is  appropriate,  a  considerable  amount  of  the  available  force  which 
it  represents  is  made  use  of;  but  if  inappropriate,  there  is  waste  of  material  and  also 
loss  of  power  in  getting  rid  of  the  useless  material.  Many  circumstances  should  be 
considered  in  viewing  the  subject  of  animal  nutrition  in  its  complete  form.  Thus  the 
income  represented  by  food  goes  through  certain  chemical  changes,  and  the  expendi- 
ture assumes  certain  forms.  Part  goes  off  as  heat,  muscular  movement,  brain  force, 
and  growth ;  whilst  another  portion  is  occupied  in  doing  the  chemical  work  required 
to  convert  the  dead  food  into  living  tissue.  In  the  present  article  it  is  proposed  only 
to  consider  the  chemical  work  performed.  The  animal  body  is  not  capable  of  assim- 
ilating mineral  matter  direct ;  this  work  has  to  be  done  by  the  vegetable  world ;  and 
when  it  has  been  vitalized  in  this  manner,  the  animal  can  take  it  and  raise  it  a  step 
higher  in  the  scale.  If  an  animal  eat  vegetable  food,  it  has  to  perform  the  work  of 
raising  the  vegetable  matter  to  its  own  level ;  but  if  animal  food  be  eaten,  this  work 
is  already  done,  and  it  only  requires  assimilation.  Food  nearly  always  consists  of 
the  elements  carbon,  oxygen,  hydrogen,  and  nitrogen,  and  also  certain  mineral  ingre- 
dients, phosphorus,  sulphur,  chlorine,  fluorine,  potassium,  sodium,  calcium,  iron,  sili- 
con. Tne  available  force  of  the  body,  in  whatever  form  it  appears,  is  produced  by 
the  union  of  some  of  these  substances  with  oxygen,  and  it  is  necessary  that  they  are 
presented  in  such  a  form  as  to  be  easily  assimilated  or  digested.  There  are  several 
classes  of  food,  all  of  which  should  be  present  in  a  normal  diet — these  are,  1,  albu- 
minous, protein,  and  other  compounds  containing  nitrogen ;  2,  fatty  matters,  con- 
sisting chiefly  of  hydrocarbons ;  3,  carbohydrates,  such  as  starch  and  sugar ;  4,  water 
and  mineral  constituents.  It  was  for  a  long  time  thought  that  the  first  class  serve 
to  repair  waste  and  to  assist  growth,  whilst  the  fatty  matters  and  carbohydrates 
serve  to  supply  animal  heat ;  but  recent  researches  have  proved  that  this  is  a  fal- 
lacy, and  that  some  of  the  muscular  force  and  heat  is  derived  from  the  oxidation  of 
the  nitrogenous  matter,  although  its  chief  function  is  to  repair  tissue.    The  function 
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of  the  fatty  portion  of  food  is  principally  to  supply  heat ;  it  also  serves  important 
functions  in  the  processes  of  digestion,  assimilation,  and  nutrition.  The  digestive 
power  of  fat  is  considerable,  and  it  is  no  less  active  in  the  conversion  of  the  nutrient 
constituents  of  food  into  the  solid  substrata  of  organs.  Fat  is  also  the  form  in  which 
surplus  food,  if  assimilable,  is  stored  up  in  the  body  as  a  reserve ;  it  accumulates 
round  certain  organs,  and  gives  rotundity  to  the  form,  whilst  by  its  bad  conducting 
power,  it  retains  animal  warmth.  The  class  of  carbohydrates  contain  oxygen  and 
nydrogen  in  the  proportion  to  form  water,  their  carbon  alone  being  capable  of  oxi- 
dation ;  they  also  form  lactic,  butyric,  and  other  acids,  which  appear  to  be  necessary, 
and  they  are  likewise  concerned  in  the  production  of  fat.  The  mineral  constituents 
act  as  carriers,  and  in  other  ways  non-chemically.  The  first  operation  which  food 
must  undergo  in  the  body  is  digestion.  In  the  stomach  it  is  brought  into  contact 
with  special  solvents,  such  as  the  gastric  juice,  the  pancreatic  fluid,  the  bile,  etc.,  by 
which  it  is  thoroughly  deprived  of  its  nutritive  qualities,  which  are  carried  into  the 
circulation.  Digestion,  indeed,  as  Berzelius  remarked,  is  a  true  process  of  rinsing, 
the  amount  of  fluid  secreted  into  the  alimentary  canal,  and  again  absorbed  from  it, 
being  not  less  than  three  gallons  daily,  the  greater  part  consisting  of  the  gastric 
juice,  the  active  principle  of  which  is  pepsine,  that  of  the  pancreatic  fluid  being 
called  pancreatin.  Having  been  absorbed  into  the  circulation,  a  considerable 
amount  of  oxidation  goes  forward  in  the  lungs,  by  means  of  which  organs,  air  and 
blood  are  brought  into  intimate  contact,  carbon  and  hydrogen  in  the  blood,  uniting 
with  the  oxygen  of  the  air,  and  being  exhaled  as  carbonic  acid  and  water,  both  of 
which  are  readily  detected  in  the  breath.  Other  products  of  oxidation  are  found  in 
the  urine  and  faeces.  (See  Food,  Functions  of ;  Muscular  Power ;  Urea;  Uric 
acid;  Hippuric  acid ;  Creatinine.) 

Anions  (anwv,  that  which  goes  up),  are  substances  which,  during  electro- 
chemical decomposition,  go  to  the  anode.  They  are  equivalent  to  electro-negative 
bod i 08  or  substances  which  go  to  the  positive  pole,  according  to  less  strict  phraseology. 
This,  and  the  name  Kathions  (xaruiv,  that  which  goes  down),  signifying  the  sub- 
stances which  go  to  the  Kathode,  were  given  by  Faraday  (Exp.  Research,  ser.  viL), 
in  order  to  get  rid  of  the  term  electro-positive  and  electro-negative,  which  imply  a 
theory.  (See  A  node.)  The  anions  are  oxygen,  chlorine,  and  bodies  which  corre- 
spond to  them,  including  the  compound  bodies  called  the  acid  radicals.  Thus  water 
is  decomposed  into  oxygen  and  nydrogen,  of  which  the  former  is  the  anion,  and 
appears  at  the  anode,  and  the  latter  the  kathion,  and  is  found  at  the  kathode.  (See 
Kathion  ;  and  for  further  information,  Electrolyte  and  Electrolysis.} 

Annular  Eclipse.  An  eclipse  of  the  sun,  in  which  the  moon  is  wnolly  projected 
on  the  sun's  disc,  Dut  having  a  less  apparent  diameter,  a  ring  of  light  from  the  outer 
parts  of  the  sun's  disc  remains  still  visible.     (See  Eclipse.) 

Anode  (a»*>,  upwards,  and  666$,  a  way,  the  way  which  the  sun  rises),  is  a  term  made 
use  of  in  speaking  of  the  phenomena  of  electrolytic  decompositions.  It  denotes 
the  surface  at  which  the  current,  according  to  the  common  phraseology,  enters  the 
electrolyte  or  body  undergoing  decomposition.  Oxygen,  cnlorine,  and  acids  are 
evolved  there.  It  is  opposite  to  the  kathode,  or  surface  at  which  the  current 
leaves  the  electrolyte.  The  terms  anode  and  kathode  (xara,  downwards,  and  666$,  a 
way)  were  applied  by  Faraday  (Experimental  Researches,  ser.  vii.)  to  prevent 
confusion,  and  distinguish  these  surfaces  from  the  electrodes  of  the  battery  with 
which  they  are  in  contact.  He  compares  the  direction  of  the  current  with  that  of  a 
current  round  the  earth  supposing  it  to  be  an  electro-magnet,  which,  according  to 
the  present  usage  of  speech,  must  be  from  east  to  west,  or  with  the  apparent  motion 
of  the  sun.  Supposing,  then,  that  a  current  passes  through  the  electrolyte  parallel 
to  the  current  round  the  earth,  the  dtnode  is  the  eastern,  and  the  kathode  is  the 
western  surface  of  it.  Thus,  whatever  changes  may  take  place  in  our  ideas  of 
electrical  action,  and  of  the  direction  of  the  electric  current,  must,  he  says,  affect 
equally  both  the  hypothetical  current  round  the  earth  and  the  current  through  the 
electrolyte ;  and  we  shall  be  saved  from  any  confusion  attending  such  a  change. 
(See  Electrolysis  ;  Electrolyte.) 

Anomalistic.     (See  Anomaly.)    The  anomalistic  period  of  a  planet  or  satellite 

.is  its  time  of  revolution  from  apse  to  apse.    If  the  line  of  apsides  were  constant  in 

position,  the  anomalistic  period  would  be  the  same  as  the  sidereal  period,  but  as  in 

all  cases  the  line  of  apsides  slowly  varies  in  position,  the  anomalistic  period  has  a 

different  value.    For  further  illustration  see  Year,  Anomalistic. 
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Anomaly,  (a,  not,  and  6/aoXos,  even.)  An  angle  used  for  convenience  of  calcula- 
tion in  dealing  with  the  motion  of  a  celestial  body  in  an  elliptic  orbit.  There  are 
three  kinds  of  anomaly,  the  eccentric,  the  mean,  and  the  true.  If  a  circle  be 
described  on  the  transverse  diameter  of  the  ellipse  as  diameter,  and  a  perpendicular 
be  drawn  to  the  transverse  axis  through  the  place  of  the  celestial  body,  then  a  line 
drawn  from  the  centre  of  the  ellipse  to  the  point  in  which  this  perpendicular  pro- 
duced meets  the  circle,  includes  with  the  transverse  diameter  the  angle  called  the 
eccentric  anomaly,  this  angle  being  measured  from  that  part  of  tne  transverse 
axis  which  passes  through  the  centre  of  attraction.  The  mean  anomaly  is  the  angle 
which  the  body  would  have  described  around  the  centre  of  the  above-named  circle, 
if,  instead  of  moving  with  varying  velocity  in  its  elliptic  orbit,  it  had  travelled  with 
its  mean  angular  velocity  around  the  circle.  The  true  anomaly  is  the  angular 
distance  actually  traversed  by  the  body  around  the  centre  of  attraction.  In  all 
three  cases  the  body  is  supposed  to  start  from  that  extremity  of  the  transverse  axis 
which  lies  nearest  to  the  centre  of  attraction. 

An«a.  (Ansa,  a  handle.)  A  term  sometimes  applied  to  the  apparent  projections 
formed  by  Saturn's  rings  on  each  side  of  the  planet. 

Antarctic.  (dv*apxrixo$,  opposite  to  the  arctic.)  In  astronomy  the  term  antarctic 
is  given  to  that  part  of  the  heavens  which  includes  the  South  Pole.  It  is  so  named 
because  it  lies  opposite  to  the  arctic  pole.  (See  Arctic.)  The  Antarctic  circle  is 
rather  a  geographical  than  an  astronomical  expression.  But  the  position  of  this 
circle  on  the  earth  is  indicated  by  the  astronomical  relations,  that  within  its  limits 
the  sun,  during  the  summer  solstice  of  the  southern  hemisphere,  does  not  set,  while 
along  this  circle  (neglecting  refraction)  the  sun's  centre  just  touches  the  horizon  at 
midnight,  at  the  summer  solstice  of  the  southern  hemisphere. 

Antarea.  (Arabic.)  The  chief  star  of  the  constellation  Scorpio.  Remarkable 
for  the  singular  fulness  of  its  ruddy  tint.     (See  Scorpio.) 

Anthraoen ;  or,  Paranaphthaline.  A  hydrocarbon,  obtained  from  the  heavier 
portions  of  the  tar  produced  in  the  dry  distillation  of  wood  and  coal.  It  forms 
small  colorless  plates,  which  melt  at  about  213°  C.  (415°  F.)  to  a  colorless  liquid, 
and  distils  at  a  temperature  above  300°  C.  (572°  F.)  It  is  insoluble  in  water,  but 
easily  so  in  hot  alcohol,  ether,  and  benzol.  The  composition  of  anthracen  is  CHH10 ; 
it  is  now  of  considerable  importance,  as  it  is  the  starting  point  in  the  manufacture 
of  artificial  alizarin. 

Antilogous  Pole.  Opposite  of  analogous  pole,  q.  v.  The  terms  are  used  in  de- 
scribing the  phenomena  of  pyro-electricity. 

Antimoniuretted  Hydrogen.    See  Antimony. 

Antimony.  A  metallic  element  first  discovered  by  Basil  Yalentine.  Its  symbol 
is  Sb,  from  its  Latin  name  Stibium,  and  its  atomic  weight  120.3.  In  the  pure  state 
it  has  a  brilliant  bluish-white  color,  and  is  highly  crystalline.  It  is  very  brittle,  and 
is  easily  reduced  to  powder.  It  melts  at  450°  C.  (842°  F.),  and  at  a  whita  heat 
volatilizes.  Its  specific  gravity  varies  between  6.7  and  6.86.  By  electrolysis  Mr. 
Gore  has  prepared  amorphous  antimony,  which  has  the  color  and  appearance  of 
polished  steel  and  a  specific  gravity  of  5.78 ;  this  when  heated  or  struck  suddenly 
becomes  very  hot  and  changes  throughout  its  mass  to  ordinary  crystalline  antimony. 
Antimony  is  permanent  in  the  air  at  the  ordinary  temperature,  but  oxidizes  when 
melted,  and  takes  fire  at  a  red  heat.  Nitric  acid  oxidizes  it  to  the  tri-  or  pent-oxide, 
but  does  not  dissolve  it.  Sulphuric  and  hydrochloric  acids  attack  it  with  difficulty. 
Antimony  forms  three  definite  oxides,  the  tri-oxide,  the  tetroxide  and  the  pent-oxide. 
The  tri-oxide  or  antimonious  oxide  (Sb.,0.,)  is  sometimes  found  native.  It  is  formed 
when  antimony  burns  in  the  air,  when  it  is  deposited  in  shining  prismatic  crystals 
known  as  flowers  of  antimony.  It  may  be  prepared  in  the  wet  way  by  precipitation. 
It  is  sparingly  soluble  in  water,  more  freely  so  in  acids.  With  bi-tartrate  of  potassium 
it  forms  a  double  salt  known  as  tartar  emetic.  (See  Tartaric  acid.)  The  tetroxide 
of  antimony  is  of  little  importance,  it  is  found  native  as  antimony  ochre.  Its  formula 
is  Sb204,  and  is  supposed  to  be  a  mixture  of  the  tri-  and  pent-oxides.  Pent-oxide  of 
antimony,  also  called  antimonic  oxide  and  antimonic  acid,  (Sb./).-)  is  a  white 
powder  sparingly  soluble  in  water,  soluble  in  hydrochloric  acid  and  in  caustic 
alkalies.  It  is  produced  by  oxidizing  antimony  to  the  fullest  extent  with  nitric 
acid.  It  exists  in  two  states,  as  antimonic  acid  which  is  monobasic ;  and  metanti- 
monic  acid  which  is  di- basic.     They  each  form  definite  salts  with  bases.     The 
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following  are  the  only  compounds  which  need  be  mentioned :  Antimoniate  of  lead,  a 
basic  salt ;  is  used  in  oil-painting  under  the  name  of  Naples  yellow.  Acid  metanti- 
moniate  of  potassium  (K4O.Sb205 -+-  7  II20).  This  salt  forms  a  crystalline  mass 
readily  soluble  in  warm  water,  but  soon  decomposing.  It  is  used  in  laboratories  as 
a  test  for  soda,  as  when  a  freshly  prepared  solution  is  added  to  a  sodium  salt  a 
precipitate  of  insoluble  acid  metantimoniate  of  sodium  is  produced.  When  this  test 
is  employed  with  proper  precautions  it  is  exceedingly  delicate,  as  it  will  detect  a 
sodium  salt  when  present  in  more  than  a  thousand  times  its  weight  of  water. 

Oxy chloride  of  Antimony,  formerly  called  Powder  of  Algaroth,  a  heavy  white 
amorphous  powder  of  variable  composition,  but  containing  chloride  of  antimony  and 
tri-oxide  of  antimony,  formed  by  the  action  of  water  on  oxychloride  of  antimony. 

Sulphides  of  Antimony.  The  tri-sulphide,  Sb2S,,  occurs  native  as  stibnite,  gray 
antimony,  antimony-glance,  etc.  It  is  largely  employed  as  a  source  of  antimony  ; 
and  when  purified  from  the  gangue  by  fusion  it  is  known  in  commerce  as  crude 
antimony.  The  native  or  artificially  fused  sulphide  crystallizes  in  prisms,  it  cleaves 
very  readily;  specific  gravity  4.62;  hardness  =  2,  it  is  easily  cut  and  is  slightly 
flexible,  it  has  a  lead  gray  metallic  lustre,  and  is  easily  fusible.  The  tri-sulphide  in 
the  amorphous  state  prepared  artificially  is  sometimes  known  as  mineral  kermes,  it  is 
a  brown-red,  loosely  coherent  powder.  The  hydrated  tri-sulphide  of  antimony  is  of  a 
dark  orange-red  color  precipitated  when  sulphuretted  hydrogen  is  passed  through  an 
acid  solution  of  the  tri-oxide  or  the  tri-chloride. 

Hydride  of  Antimony  or  Antimoniuretted  Hydrogen  (SbH3).  A  colorless, 
transparent,  and  inodorous  gas,  formed  when  nascent  hydrogen  is  generated  in  a 
solution  containing  antimony,  or  when  an  alloy  of  antimony  and  zinc  is  dissolved  in 
acids.  It  is  insoluble  in  water;  when  passed  through  a  glass  tube,  and  strongly 
heated,  it  is  decomposed  with  separation  of  metallic  antimony.  When  passed  into  a 
solution  of  nitrate  of  silver  it  forms  a  black  precipitate  of  antimonide  of  silver. 
Antimoniuretted  hydrogen  is  liable  in  analysis  to  be  mistaken  for  arsenuretted 
hydrogen,  and  vice  yersa.  For  distinctive  characteristics  special  works  on  analysis 
must  be  consulted. 

Tri-chloride  of  Antimony,  sometimes  called  Butter  of  Antimony.  A  translucent, 
fatty-looking  mass,  melting  at  72°  C.  (1(>2Q  F.)  and  boiling  at  200°  C.  (392°  F.). 
Its  composition  is  Sb  Cls.  It  fumes  in  the  air.  Water  decomposes  it  into  hydro- 
chloric acid  and  oxychloride  of  antimony  or  powder  of  algaroth.  Hydrochloric  acid 
dissolves  it  without  precipitation. 

Pentachloride  of  Antimony.  A  colorless,  very  volatile  liquid,  formed  when 
metallic  antimony  and  chlorine  unite,  JTie  combination  takes  place  with  brilliant 
combustion  when  the  powdered  metal  is  thrown  into  chlorine.  It  gives  up  two  of  its 
chlorine  atoms  to  other  substances  very  readily,  and  is  thus  of  great  use  in  some 
chemical  reactions.     Its  formula  is  Sb  Cl^. 

Pentasulphide  of  Antimony.  A  yellowish-red  powder,  formed  when  sulphuretted 
hydrogen  is  passed  through  a  solution  containing  the  pentachloride  or  the  pent- 
oxide  ;  its  formula  is  Sb.,S5.  It  unites  in  the  capacity  of  an  acid  with  other  metallic 
sulphides,  which  act  as  base,  to  form  sulphantimoniates.  The  alkaline  sulphanti- 
moniates  are  soluble  in  water  and  crystallize  readily ;  their  composition  is  3  M2S.SbS5, 
the  letter  M  representing  the  metal. 

Antimony  is  capable  of  combining  with  alcohol  radicals  forming  compounds,  some 
of  which  may  be  regarded  as  ammonia  (NIL,),  in  which  the  nitrogen  is  replaced  by 
antimony  and  the  hydrogen  by  three  equivalents  of  the  radical.  As  an  illustration 
we  need  only  mention  one  of  these,  trieth.ylstibine(Sb(C2H-)3).  The  constitution  of 
other  organic  compounds  of  antimony  is  not  so  clearly  made  out. 

Antlia.  In  astronomy  (abbreviated  from  Antlia  Pneumatica,  the  air  pump)  a 
southern  constellation  formed  by  Lacaille. 

Aphelion,  (<wto»  from,  and  ijuos,  the  sun.)  That  point  in  the  orbit  of  any  mem- 
ber of  the  solar  svstem  which  lies  farthest  from  the  sun. 

Aplanatic.  (a,  without,  and  i0jivtj,  error.)  A  name  used  in  optics  to  denote  a 
lens  so  constructed  as  to  be  free  from  spherical  aberration,  (riee  Aberration, 
Spherical.) 

Apogee,  (oho,  from,  and  yn.  the  earth.)  That  point  of  the  moon's  orbit  which 
lies  farthest  from  the  earth.  This  term  is  sometimes,  but  incorrectly,  applied  to  the 
planets.  Its  use  with  reference  to  the  sun  is  scarcely  more  legitimate,  though  of 
course  recognized  as  just  when  the  earth  was  regarded  as  the  centre  of  the  universe. 
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Apomorphia.  (<**>»  from,  and  morphia.)  An  organic  base  discovered  by  Dr. 
Matthiessen  and  Mr.  Wright.  It  is  prepared  by  the  action  of  hydrochloric  acid  on 
morphia  at  a  high  temperature.  The  physiological  effects  of  apomorphia  are  those 
of  a  non-irritant  emetic  and  powerful  anti-stimulant,  the  action,  however,  rapidly 
passing  off,  leaving  no  after  ill  effects ;  it  will  probably  come  into  use  in  medicine. 
(See  Proc.  R.  S.,  vol.  xvii.,  p.  455.)    The  composition  of  apomorphia  is  C17H17N  02. 

Apparent.  (Appareo,  to  appear.)  A  term  of  frequent  use  in  astronomy,  to  indi- 
cate the  position  or  motions  of  celestial  objects  as  they  appear  to  the  eye  as  distin- 
guished from  their  real  motions  in  space. 

Apparent  Solar  Day.  The  interval  between  two  successive  transits  of  the  sun 
across  the  meridian  of  anyplace.     (See  BayJ) 

Approach  Caused  by  Vibration.     See  Vibration,  Approach  caused  by. 

Appulfle.  (Appulsus,  an  arrival.)  In  astronomy  the  near  apparent  approach  of 
one  celestial  body  towards  another.  The  term  is  chiefly  applied  to  stars  or  planets 
near  to  which  the  moon  passes,  without  occulting  them. 

Apse.     See  Apsis. 

Apsides,  lone  of.  (a4**»  the  felloe  of  a  wheel.)  The  imaginary  line  joining  the 
apses  of  the  orbit  of  a  planet  or  satellite.  Or,  more  strictly,  it  is  the  line  joining 
what  would  be  the  apses  of  the  planet's  path  if  the  planet  were  to  move  undisturbed 
through  a  complete  revolution,  from  the  moment  considered. 

Apsis ;  or,  Apse.  (See  Apsides,  Line  of.)  The  point  of  the  orbit  of  a  planet  or 
satellite  at  which  it  is  farthest  from  or  nearest  to  the  sun  or  primary  respectively ; 
or,  more  correctly,  the  points  of  such  orbits  at  which  the  direction  of  motion  is  at 
right  angles  to  the  line  from  the  centre  of  motion. 

Apns.  In  astronomy  (a,  without,  and  *tov$,  a  foot),  the  bird  of  Paradise,  a  southern 
constellation  formed  by  Bayer. 

Aquafortis.     See  Nitric  Acid. 

Aquaregia.     See  Nitric  Acid. 

Aquarius.  (The  water-bearer.)  A  Zodiacal  sign,  the  eleventh  in  order.  The 
sun  enters  this  sign  about  the  20th  of  January,  and  leaves  it  about  the  19th  of  Febru- 
ary. The  Zodiacal  constellation  Aquarius  now  occupies  the  region  corresponding  to 
the  sign  Pisces.  A  remarkable  feature  in  this  constellation  is  the  existence  of  two 
well-marked  star-streams  within  its  limits,  with  prolongations  extending  over  the 
constellations  Grus  and  Piscis  Australis. 

Aquila.  In  astronomy  (the  eagle),  one  of  Ptolemy's  northern  constellations.  In 
ancient  star-maps  the  figure  of  the  boy  Antinous  is  placed  in  company  with  the  eagle, 
and  Tycho  Brahe  framed  the  stars  belonging  to  the  figure  of  Antinous  into  a  sepa- 
rate constellation,  which  is  not  now  recognized,  however,  by  astronomers.  The 
Milky  Way  presents  some  singularly  rich  protuberances  within  the  limits  of  Aquila. 
It  is  indeed  well  worthy  of  notice  that  whereas  in  Cygnus  the  branch  which  extends 
towards  Ophiuchus  is  far  the  brightest,  the  branch  extending  towards  Aquila  grows 
rapidly  brighter  from  Vulpecula  southwards,  the  portion  which  crosses  the  southern 
half  of  Aquila  being  absolutely  the  brightest  visible  in  our  northern  heavens. 

Ara.  In  astronomy  (the  altar),  one  of  Ptolemy's  southern  constellations.  Ac- 
cording to  Aratus  the  Centaur  was  conceived  by  ancient  astronomers  as  in  the 
act  of  placing  an  offering  on  the  altar ;  but  by  a  strange  mistake  the  altar  is  repre- 
sented in  all  modern  star-maps  in  an  inverted  position.  It  seems  not  improbable  that 
the  ancient  astronomers  recognized  in  the  strangely  complex  parts  of  the  Milky  Way 
which  lie  to  the  north  of  this  constellation  some  resemblance  to  smoke  from  an  altar. 

Aqueous  Humor.  That  portion  of  the  transparent  contents  of  the  eye  which  lies 
between  the  cornea  and  the  iris.     (See  Eye.) 

Arabin.  The  name  given  by  Newbaucr  to  a  gummy  substance  obtained  from 
Gum  Arabic  by  treatment  with  hydrochloric  acid  and  alcohol.  He  considers  that  it 
has  the  property  of  an  acid,  and  that  it  exists  in  Gum  Arabic  in  combination  with 
lime  and  magnesia.  Its  composition  is  0,.,H.,..011 ;  when  freshly  prepared  it  dissolves 
in  cold  water,  but  after  drying  it  merely  swells  up  to  a  gelatinous  mass. 

Arago's  Photometer.  Arago  has  described  ((Envres  computes  de  Francois 
Arago,  vol.  x.)  a  photometer  of  complicated  construction  founded  on  the  law  of  the 
square  of  the  cosines,  according  to  which  polarized  rays  pass  from  the  ordinary  to  the 
extraordinary  image.  His  description,  however,  is  not  clear  in  the  original,  and  would 
be  quite  unintelligible  without  wood-cuts.     (See  Photometry.) 
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Arch.  (Arcus,  a  bow.)  A  structure  of  stones  or  bricks  placed  in  the  form  of  a 
bow,  so  as  to  support  one  another  by  their  mutual  pressure.  The  separate  wedge- 
shaped  stones  of  the  arch  are  termed  voussoirs  or  ring-courses,  and  the  centre  one  is 
called  the  keystone.  The  pillars  on  which  the  extremities  of  the  arch  rest  are  the 
abutments,  and  their  upper  courses  the  impost  or  springing  courses.  The  distance 
between  the  tops  of  the  abutments  is  the  span  of  the  arch ;  a  straight  line  joining  the 
tops,  the  spring-line.  The  internal  concave  surface  of  the  arch  is  termed  the  soffit 
or  intrados  ;  the  upper  surface  of  the  ring  of  arch  stones  is  sometimes  called  the 
extrados  ;  sometimes,  however,  this  term  is  applied  to  the  solid  masonry  or  backing 
above  them.  A  wall  standing  on  an  arch  is  termed  a  spandriUwall.  The  problem 
"  to  find  the  arch  of  greatest  strength"  is  usually  a  very  difficult  one.  The  arch  of 
greatest  strength,  on  the  supposition  that  there  is  no  superincumbent  pressure,  is 
shown  by  the  theory  of  pressures  to  be  a  catenary,  or  a  curve  precisely  similar  to  that 
formed  by  a  flexible  string  when  suspended  from  two  fixed  points.  (See  Catenary.) 
The  determination  of  the  form  of  greatest  strength  of  a  loaded  arch  from  the  principles 
of  stability  and  strength  is  an  almost  impracticable  problem  from  its  complexity.  It 
will  depend  upon  the  weight  of  the  materials  forming  the  load,  and  the  manner  in 
which  the  pressures  are  transmitted. 

The  Hydrostatic  Arch  is  an  arch  suited  for  sustaining  normal  pressure  at  each 
point  proportional,  like  that  of  a  liquid  at  rest,  to  the  depth  below  a  given  horizontal 
plane.  Ihe  radius  of  curvature  at  any  point  of  the  arcn  is  inverselv  proportional  to 
the  pressure,  and  also  inversely  proportional  to  the  depth  below  a  horizontal  plane, 
such  that  vertical  lines  from  it  represent  the  intensity  01  the  pressure.  A  mechanical 
mode  of  drawing  a  hydrostatic  arch  is  furnished  by  the  fact,  that  its  figure  is  the 
same  as  that  presented:  by  an  elastic  spring  when  bent. 

The  Geostatic  Arch,  or,  as  it  is  sometimes  called,  the  transformed  hydrostatic 
arch,  is  a  curve  such  that  the  vertical  pressure  is  proportional  to  the  depth  below  a 
fixed  horizontal  plane,  and  the  horizontal  pressure  bears  to  the  vertical  pressure  a 
fixed  ratio  depending  on  the  nature  of  the  superincumbent  materials.  This  arch  is 
suited  to  sustain  the  pressure  of  earth.  It  may  be  drawn  by  constructing  first  the 
figure  of  the  hydrostatic  arch,  and  transforming  it  by  keeping  the  vertical  .co-ordi- 
nates the  same,  but  altering  the  horizontal  co-ordinates  into  lengths  changed  ac- 
cording to  the  constant  ratio. 

The  condition  of  equilibrium  of  an  arch  is  determined  by  the  position  of  the  line 
of  pressures.  If  a  straight  line  be  drawn  at  each  bed-joint  (the  joint  between  two 
arcn-stones)  in  the  direction  of  the  resultant  pressure  at  that  joint,  all  the  lines  thus 
drawn  will  form  a  polygon,  termed  the  line  of  pressures.  The  curve  through  the 
angular  points  of  the  polygon  is  the  equivalent  linear  arch.  Now,  in  order  that  the 
stability  of  the  arch  may  be  secure,  there  should  be  no  tendency  to  open  the  joints 
either  above  or  below ;  and  this  is  the  case  if  the  centre  of  pressure  of  each  joint  be 
not  more  than  a  sixth  of  its  length  from  the  centre,  that  is,  "  if  the  equivalent  linear 
arch  fall  within  the  middle  third  of  the  depth  of  the  arch  ring." 

Skew  Arches  are  arches  derived  from  symmetrical  arches  by  distortion  in  a  hori- 
zontal plane.  For  further  information  consult  Manual  of  Applied  Mathematics 
by  Professor  Rankine.  Papers  by  M.  Yvon-Villarceaux  in  the  Mfmoircs  des  Savans 
Grangers,  vol.  xii.  Tredgold  on  Masonry  (Encyc.  Brit.).  Gauthey,  TraiU  de  la 
Construction  de  Ponts.     (See  Bridges.) 

Archimedean  Screw-  One  of  the  earliest  machines  used  for  lifting  water.  It 
consists  of  a  cylinder  inclined  to  the  vertical,  either  exactly  fitted  by  a  screw  having 
the  same  axis,  or  having  a  tube  twisted  round  it  in  the  form  of  a  screw.  If  a  small 
solid  body  were  placed  at  the  bottom,  and  the  screw  turned  round,  each  point  of  the 
screw  would  pass  beneath  the  body  at  the  lower  edge  of  the  cylinder,  and  the  body 
would  be  gradually  raised  to  the  top.  In  the  same  manner,  if  water  has  access  to 
the  bottom,  on  turning  the  instrument  it  will  be  raised  until  it  flows  out  at  the  top. 
Archimedean  screws  are  extensively  used  for  raising  water  in  Egypt  and  in  Holland. 

Archimedes,  Principle  Of.  The  law  that,  when  a  body  is  immersed  in  a  liquid, 
it  displaces  a  quantity  of  liquid  equal  in  bulk  to  itself,  and  appears  to  be  lighter  in 
the  liquid  than  in  air,  by  the  weight  of  the  liquid  displaced.  The  principle  receives 
its  name  from  the  following  circumstance :  It  is  said  that  Hiero,  King  of  Syracuse, 
applied  to  Archimedes  for  a  test  to  prove  whether  a  crown  which  had  been  made  by 
his  orders  was  all  gold,  or  whether  the  goldsmith  had  dishonestly  substituted  a  baser 
metal  for  a  portion  of  the  gold.    While  the  philosopher  was  thinking  of  the  subject, 
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he  chanced  to  enter  a  bath  filled  with  water,  aud  noticed  that,  as  he  entered,  the 
liquid  flowed  over.  This  observation  suggested  a  solution  to  his  problem,  lie  took 
the  crown,  and  a  quantity  of  pure  gold  of  the  same  weight,  and  immersed  them 
successively  in  the  same  vessel,  filled  to  the  brim  with  water.  As  the  crown  dis- 
placed more  water  than  the  equal  bull;  of  gold,  he  concluded  that  it  was  partly 
composed  or  a  lighter  metal,  and  the  king's  suspicions  were  confirmed. 

Assuming  the  alloy  to  be  silver,  Archimedes  then  took  quantities  of  gold  and 
silver  equal  in  weight  to  the  crown,  immersed  them  in  water,  arid  weighed  that 
which  overflowed.  He  was  thus  able  to  discover  the  extent  to  which  the  king  had 
been  defrauded  in  the  construction  of  the  crown.  (See  Specific  Gravity  and  Dis- 
placement of  Liquids.) 

Arctic.  (of*rwo(,  from  opxfof,  a  bear.)  The  part  of  the  heavens  where  the  con- 
stellations of  the  Greater  and  Lesser  Bear  appear.  The  North  Pole  of  the  heavens 
lies  close  by  the  latter  constellation,  and  thus  the  term  Arctic  is  now  associated 
with  the  North  Polar  region  of  the  heavens,  rather  than  specially  with  the  above- 
named  conn  foliations.  The  arctic  regions  on  the  earth  are  those  in  which,  at  the 
time  of  the  summer  solstice,  the  snn  does  not  set;  the  arctic  circle  marking  the 
limit  of  those  regions.  At  places  along  this  circle  (neglecting  refraction)  the  6un 
is  on  the  horizon  at  midnight  at  the  time  of  the  summer  solstice  of  the  northern 
hemisphere. 

Arctnrnj.     ("ApjfToJpoj — from  "Apxrof,  a  bear,  and   o£pof,  a  warder,  the   Bear- 

Siard.)     The  leading  star  of  the  constellation  Itootcs,  and,  according  to  Sir  John 
erechel's  photometric  experiments,  the  brigtest  alar  in  the  northern  heavens. 

Areometer,  Koto's.  Mohr's  areometer  consists  of  a  glass  tube  containing  mer- 
cury, and  hermetically  scaled  at  the  lop  and  bottom.  It  hangs  from  a  fine  platinum 
wire,  and  is  sufficiently  heavy  to  sink  in  every  liquid  which  has  to  be  examined. 
The  weight  of  the  instrument  in  air  being  determined,  it  is  suspended  in  water, 
and  again  weighed.  The  loss  experienced  is  the  weight  of  an  equal  volume  of 
water.  (See  Displacement  of  Liquids.)  On  weighing  the  inslrumcnt  again  in 
another  liquid,  and  deducting  the  weight  so  found  from  the  original  weight,  we  find 
the  weight  of  the  same  volume  of  the  liquid.  Division  of  the  weight  of  the  volume 
of  the  liquid  by  the  weight  of  the  equal  volume  of  water  gives  the  specific  gravity 
of  the  liquid.  When  many  determinations  have  to  be  made  in  a  short  time,  it  is, 
of  course,  sufficient  to  weigh  the  instrument  only  once  in  water ;  that  is,  to  de- 
termine once  for  all  the  weight  of  water  whose  volume  is  equal  to  that  of  the 
instrument. 

Areometer,  Nicholson's,    An  instrument  for  determining  the  specific  gravities 
of  solids  and  liquids.    It  conaisfaof  a  hollow  cylindrical  copper  vessel,  with  conical  ends. 
(Fig.  5.)  The  lower  end  is  loaded,  so  as  to  secure  an  upright  position 
when  floating.     It  also  carries  a  little  perforated  tray  at  the  lower  Fig.  5. 

end,  the  use  of  which  will  be  described  immediately.  The  upper 
conical  end  carries  a  narrow  stem  which  bears  a  small  tray.  An 
arbitrary  mark  is  made  on  the  stem.  The  solid,  whose  specific 
gravity  has  to  be  determined,  is  placed  upon  the  upper  tray,  and 
weights  are  added  until  the  mark  on  the  stem  sinks  exactly  to  the 
level  of  the  surface  of  the  water  in  which  the  instrument  is  placed. 
The  substance  is  removed  and  replaced  by  weights  until  the  areome- 
ter sinks  to  the  same  mark  as  before.  T he  weight  which  has  to  be 
added  to  effect  this  is  the  absolute  weight  of  the  substance.  This 
weight  is  again  removed,  and  the  object  is  put  into  the  lower  tray, 
that  is,  beneath  the  surface  of  the  water.  The  areometer  will  not 
■ink  to  the  mark,  because  the  object  in  the  tray  is  pushed  up  by  a 
force  equal  to  the  weight  of  the  water  tt  displaces.  To  find  this 
upward  pressure,  weights  arc  placed  on  the  upper  tray  until  the 
instrument  sinks  to  the  same  mark.  The  weight  required  to  effect 
this  is  the  weight  of  a  volume  of  water  eqnal  to  the  volume  of  the 
substance.  (See  Dinplncement  of  Liquids.)  Accordingly,  by 
dividing  the  weight  of  the  body  by  the  weight  of  an  equal  volume 
of  water,  the  specific  gravity  is  obtained. 

Nicholson's  areometer  may  also  he  readily  applied  to  the  determi- 
nation  of  the  specific  gravity  of  the  liquids.  Let  the  weight  of 
the  entire  instrument  be  first  ascertained.     Let  it  be  placed  in  water,  and,  by  the 
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addition  of  weights  on  the  upper  tray,  let  it  be  sunk  to  the  given  mark.  Let  it  now 
be  placed  in  another  liquid  and  weights  added  as  before,  until  the  same  effect  is 
produced.  The  weight  first  added,  together  with  the  weight  of  the  instrument, 
gives  the  weight  of  the  volume  of  water  equal  to  the  immersed  part  of  the  instru- 
ment. The  second  weight  added,  together  with  the  weight  of  the  instrument,  gives 
the  weight  of  the  same  volume  of  the  liquid.  Hence  the  specific  gravity  is  found 
by  dividing  the  second  sum  by  the  first. 

Argol.     See  Tartaric  Acid. 

ArgO  Navis.  (Latin.)  In  astronomy  (the  ship  Argo),  one  of  Ptolemy's  southern 
constellations.  By  modern  astronomers  it  is  divided  into  four  portions,  named 
respectively  Malus,  the  mast;  Vela,  the  sails ;  Carina,  the  keel ;  and  Puppis,  the 
stern.  This  constellation  was  figured  in  ancient  maps  as  the  aft  section  of  a 
galley,  the  position  of  the  ship  being  such  that  the  diurnal  motion  of  the  heavens 
carries  her  stern  wards.  Thus  Aratus  and  Manilius  compare  the  motion  of  the  ship 
to  that  of  a  vessel  dragged  by  the  stern  into  harbor.  Ihe  constellation  is  remark- 
able for  the  singular  richness  with  which  stars  are  distributed  over  it.  It  has  been 
remarked  by  the  late  Captain  Jacobs,  the  well-known  observer,  that  one  can  tell 
when  this  constellation  has  risen  above  the  horizon,  without  turning  towards  it,  be- 
cause the  united  lustre  of  the  stars  composing  it  sheds  a  light  over  the  landscape 
resembling  that  of  a  young  moon.  Within  this  constellation  is  the  wonderful  varia- 
ble star  Eta  Argus  (see  Stars,  Temporary),  situated  in  the  heart  of  one  of  the  most 
remarkable  nebulae  in  the  heavens. 

Arided.  (Arabic.)  The  leading  star  of  the  constellation  Cygnus.  It  is  also 
called  Deneb  Adige. 

Aries.  The  ram,  a  constellation ;  but  also  the  first  sign  of  the  Zodiac.  The 
commencement  of  this  sign  on  the  ecliptic  is  called  the  first  point  of  Aries  ;  it  is 
the  point  in  which  the  ecliptic  passes  from  the  southern  to  the  northern  side  of  the 
equinoctial  line.  The  sun's  centre  occupies  this  point  at  the  vernal  equinox  of  the 
northern  hemisphere ;  and  from  this  point  longitudes  are  measured  along  the  ecliptic, 
in  the  order  of  the  signs,  and  right  ascensions  along  the  equator  from  west  to  east. 
The  sign  Aries  is  at  present  occupied  by  the  constellation  Pisces. 

Armature.  (Armatura,  armour.)  To  improve  the  power  of  the  native  load- 
stone as  a  magnet  the  position  of  the  poles  is  determined,  and  while  the  distance 
between  them  is  maintained  as  great  as  possible,  the  rough  outlying  portions  of  the 
stone  are  removed,  so  that  it  assumes  something  of  a  rectangular  shape,  two  of  the 
sides  of  the  rectangle  being  perpendicular  to  the  line  joining  the  poles.  To  each 
of  these  ends  is  applied  a  smooth  L-shaped  piece  of  the  softest  iron,  which  terminates 
in  a  massive  foot  projecting  below  the  side  of  the  stone.  These  soft  iron  pieces 
constitute  the  armature  of  the  magnet.  They  very  much  increase  its  power  for  lift- 
ing, concentrating  it,  as  it  were,  in  the  soft  iron  feet,  and  besides  enabling  both  poles 
to  be  applied  at  once,  as  is  the  case  with  the  horse-shoe  magnet.  The  word  arma- 
ture has,  however,  a  somewhat  doubtful  application,  a  few  writers  denoting  by  it 
what  is  more  frequently  called  a  keeper. 

Armillary  Sphere.  (Armilla,  a  bracelet.)  An  instrument  employed  by  ancient 
astronomers.  It  consisted  of  a  number  of  hoops  representing  the  principal  great 
circles  on  the  celestial  sphere,  as  the  equator,  ecliptic,  etc.,  placed  in  their  proper 
relative  positions.  It  may  be  questioned  whether  for  teaching  beginners  a  form  of  the 
armillary  sphere  might  not  still  be  employed  with  advantage.  It  is  worthy  of  notice  that 
the  instruction  derived  from  treatises  on  astronomy  is  not  usually  effective  in  fixing 
in  the  student's  mind  a  clear  impression  of  what  actually  takes  place  in  the  heavens. 
More  particularly  is  this  the  case  as  respects  the  apparent  motions  of  the  sun, 
whether  in  his  diurnal  course  round  the  heavens,  or  in  his  annual  circuit  of  the 
ecliptic.  A  certain  reality  (and  as  surely  a  new  charm)  would  be  given  to  the  study 
of  astronomy  in  our  schools,  if  the  solar  apparent  motions,  the  comprehension  pf 
which  forms  the  basis  of  all  astronomy,  were  directly  measured  and  noted  by  the 
student.  By  means  of  a  rod  placed  like  the  gnomon  of  a  sundial  (that  is,  pointing 
to  the  pole  of  the  heavens),  and  fixed  circles  corresponding  to  the  meridian-circle,  the 
equator,  the  ecliptic,  and  so  on,  a  variety  of  very  simple  and  instructive  lessons 
could  be  imparted.  The  equable  motion  of  the  shadow  of  the  rod  on  the  equator 
would  convince  the  student  of  the  equable  nature  of  the  sun's  apparent  diurnal 
motion,  and  so  of  the  equable  nature  of  the  earth's  rotation  to  which  that  motion  is 
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due.  The  varying  midday  elevation  of  the  sun  would  in  like  manner  be  illustrated 
by  the  varying  position  of  the  shadow  of  the  axial  rod's  centre  at  noon  upon  the 
meridian-circle.  A  number  of  such  illustrations  of  the  celestial  motions  could  be 
readily  devised,  and  there  can  be  no  question  whatever  that  the  student  would  gain 
a  clearer  and  sounder  understanding  of  the  principles  of  astronomy  (and  that  in  a 
more  agreeable  manner),  by  such  open-air  and  practical  illustrations  than  by  mere 
reading. 

Armstrong's  Hydro-Electric  Machine.    See  Electric  Machine 

Arneb.     (Arabic)     The  star  a  of  the  constellation  Lcpus. 

Aromatic  Groups,  Homologous.    According  to  Dr.  Odling. 


Primary  Terms 

Secondary  Term. 
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C.H 
C.H  0 
C,H,Ot 

C.H40, 

Phenene. 
Phenol. 
Pyrocatechln 
Pyrogallin. 
Collie  acid 
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Phenylene. 
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C.H.O, 
WO, 

Hydroqninone. 
Phloroglucio, 
Comenio  acid. 
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Quinone. 

• 
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© 
75 

CtH, 

C,H,0         J 

C,H,0, 
CtH.0 

C,H.O,       | 

CtH,0, 

Benxone. 
Benzyl le  alcohol. 
Cresjlie  phenol. 
Benzylic  glycol. 
Benzole  aldehyd. 
Benzole  acid. 
Saloie  acid. 
Ampelio  acid,  etc. 

C,H, 

Benzylene. 

• 

M 

a 
& 

CtH,0,       \ 

C,H80, 
0,11,0, 
C,H,04 
C,H80, 

Sallgenia. 

Orcin. 

Salicio  aldehyd. 

Saliclc  acid. 

Hypogellic  acid,  etc. 

Gallic  acid. 

Pergallio  acid. 

CH.0, 

c,n4o4 

C,H40, 
C,H4Ot 

Oreosellzu 

Ellaglo  acid. 

Chelidonlc  field. 
Mocouic  acid. 

Arragonite.    See  Calcium. 

Arsenic.  A  metallic  element  kown  (in  its  compounds)  from  a  very  early  date, 
bnt  investigated  chemically  by  Brandt  in  1733.  Its  symbol  is  As,  and  atomic  weight 
75 ;  it  is  occasionally  found  native,  but  more  frequently  in  combination  with  iron, 
copper,  cobalt,  and  nickle  ores.  In  the  metallic  state  it  is  of  a  steel-gray  color,  spe- 
cific gravity  from  5.62  to  5.96.  It  is  very  brittle,  and  crystallizes  in  rhombohedrons. 
When  heated  it  volatilizes  without  fusion  at  a  dull  red  heat,  and  condenses  either  in 
a  compact  metallic  mass,  or  a  dark  gray  powder,  according  to  conditions.  The  prin- 
cipal compounds  of  arsenic  are  the  following :  Oxides  of  arsenic,  of  which  there  are 
two,  the  trioxide  or  arsenious  acid  and  the  peiitoxide  or  arsenic  acid. 

Arsenious  add  (As2OA  commonly  called  arsenic,  or  white  arsenic,  is  a  white, 
solid,  crystalline,  or  amorpnous  substance.  The  amorphous  variety  is  a  transparent, 
vitreous  substance,  produced  when  its  vapor  condenses  on  a  hot  surface ;  the  crys- 
talline variety  is  formed  when* the  vapor  is  condensed  more  quickly,  or  when  it  sepa- 
rates from  its  solutions ;  the  specific  gravity  of  the  former  is  3.7385,  and  that  of  the 
latter  2.695.  Arsenious  acid  volatilizes  at  218°  0.  (424°  F.) ;  its  vapor  is  colorless 
and  very  dense  (specific  gravity,  13.85).  Arsenious  acid  is  readily  reduced  to  the 
metallic  state  when  heated  with  a  reducing  agent.  By  allowing  its  vapor  to  pass 
over  a  splinter  of  red-hot  charcoal  in  a  small  glass  tube,  a  ring  of  metallic  arsenic  is 
condensed  on  the  cool  portion  of  the  tube ;  by  the  further  application  of  heat  this 
may  be  driven  up  and  down  the  tube,  and  gradually  reoxidized  into  arsenious  acid, 
which,  under  the  microscope,  appears  in  brilliant  octahedrons ;  these  reactions  are 
characteristic  of  the  metaL    When  bright  metallic  copper  is  boiled  in  a  solution  con- 
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taining  arsenic,  the  metal  is  reduced  on  the  surface  of  the  copper,  forming  a  steel- 
gray  layer.  When  the  piece  of  copper  is  dried  and  heated  in  a  clean  glass  tube  the 
above  reaction  can  be  performed.  It  dissolves  in  about  30  parts  of  cold  water,  and 
in  10  or  12  parts  of  hot  water.  Its  solution  is  acid  to  test-paper ;  acids  dissolve  it 
more  readily ;  it  unites  with  bases  forming  arsenites.  The  only  arsenites  of  impor- 
tance are  arsenite  of  copper (Cu4As-Oc),  Known  as  Scheele's  Green;  the  aceio-ar- 
senite  of  copper  (3  Uu  As  O..C2II  ,CuO  J.  Arsenite  of  iron :  when  excess  of  hydrated 
sesquioxide  of  iron  is  mixed  with  solution  of  arsenious  acid,  the  whole  of  the  latter 
unites  with  the  iron,  to  form  a  basic  arsenite.  Owing  to  this  property,  hydrated 
sesquioxide  of  iron  is  one  of  the  best  antidotes  to  arsenious  acid ;  it  should  be  ad- 
ministered in  great  excess,  and  freshly  precipitated.  Arsenite  of  silver,  a  yellow 
precipitate,  is  formed  when  an  alkaline  arsenite  is  added  to  a  solution  of  nitrate  of 
silver ;  its  formula  is  2  Ag20.  As2Os. 

Arsenic  Acid  ( As206),  formed  by  oxidizing  arsenic  or  arsenious  acid  to  the  fullest 
extent.  It  forms  several  hydrates,  which  are  readily  soluble  in  water.  It  is  a 
strong  acid,  forming  arseniates  with  bases ;  the  only  one  of  importance  is  the  silver 
salt  (Ag3As04),  a  dark  brown  precipitate  obtained  when  an  alkaline  arseniate  is 
added  to  nitrate  of  silver.  Arsenic  acid  readily  parts  with  its  extra  quantity  of 
oxygen  with  reduction  to  arsenious  acid,  hence  it  is  sometimes  used  as  an  oxidizing 
agent  in  manufacturing  operations. 

Arseniuretted  Hydrogen  ( AsH3).  A  colorless  gas  very  slightly  soluble  in  water, 
and  extremely  poisonous ;  it  is  formed  when  hydrogen  is  generated  in  a  solution  con- 
taining arsenic,  or  by  dissolving  zinc  containing  arsenic,  in  acid.  When  this  gas 
is  heated  in  a  tube  to  dull  redness  it  is  decomposed,  and  metallic  arsenic  condenses ; 
when  passed  through  a  solution  of  nitrate  of  silver,  silver  only  is  precipitated,  and 
the  whole  of  the  arsenic  goes  into  solution  as  arsenious  acid.  The  gas  is  inflamma- 
ble, and  evolves  a  white  smoke  of  arsenious  acid ;  by  depressing  a  cold  porcelain 
surface  into  the  flame,  metallic  arsenic  precipitates  as  a  lustrous  mirror.  For  the 
distinction  between  arseniuretted  hydrogen  and  antimoniuretted  hydrogen  the  reader 
is  referred  to  works  on  analytical  chemistry. 

Chloride  of  Arsenic— A  colorless,  oily,  dense  liquid,  of  the  composition  AsCl8, 
formed  with  ignition  when  powdered  arsenic  meets  with  chlorine. 

Sulphides  of  Arsenic. — Of  these  there  are  three:  AsS,  As2Ss,  and  As2S5.  The 
first,  the  di-sulphide,  was  known  to  Pliny  and  Vitruvius  under  the  name  of  Sanda- 
raca.  It  is  now  known  as  realgar,  red  orpiment,  or  ruby  sulphur.  It  is  a  transparent, 
ruby-colored  crystalline  mass,  easily  fusible.  It  was  formerly  used  as  a  pigment,  but 
is  now  frequently  replaced  by  less  dangerous  bodies.  The  tri-sulphide  of  arsenic,  the 
arscnicum  of  Pliny,  now  known  as  orpiment  or  yellow  sulphide  of  arsenic,  is  a  fine 
lemon-colored  powder,  formerly  used  as  a  pigment,  and  sometimes  employed  in  calico 
printing. 

Pcntasulphide  of  Arsensic  is  not  known  in  the  separate  state,  but  only  in  com- 
bination with  sulphides  of  other  metals. 

All  the  sulphides  of  arsenic  act  the  part  of  sulpho  acids,  and  unite  with  metallic 
sulphides  to  form  sulpho  salts. 

Arsenic  forms  many  organic  compounds ;  of  these  we  can  only  mention  one,  and 
its  compounds,  viz.,  Cacodyl.  formerly  known  as  Cadet's  Fuming  Liquid,  or  Alkar- 
sin.  It  is  now  supposed  to  be  a  compound  of  two  equivalents  of  methyl  and  one  of 
arsenic  (As  (0  Hs)2),  and  in  modern  nomenclature  is  called  arsendimethyl.  Its 
preparation  must  be  effected  with  extraordinary  precautions  owing  to  its  spontaneous 
inflammability  and  its  extremely  poisonous  nature.  Bunsen's  research  on  cacodyl  is 
a  masterpiece  of  chemical  accuracy.  Cacodyl  is  a  transparent  colorless  liquid, 
heavier  than  water ;  it  has  a  disgusting  odor,  and  its  vapor  is  extremely  poisonous ; 
it  boils  at  170°  0.  (338°  R),  and  solidifies  at  6°  C.  (43^  F.)  to  a  crystalline  mass; 
it  is  slightly  soluble  in  water,  more  so  in  alcohol ;  it  takes  fire  in  the  air  at  ordinary 
temperatures ;  and  also  in  chlorine  gas.  It  acts  the  part  of  a  radical,  and  forms  an 
oxide,  chloride,  iodide,  and  other  compounds  which  need  not  be  further  specified. 

Arsenical  Green.    See  Acetates. 
Arseniuretted  Hydrogen.    See  Arsenic 

Artesian  Well.  This  well  has  its  name  from  the  Province  of  Artois,  in  France. 
Its  principle,  however,  in  no  wise  differs  from  ordinary  springs  or  wells.  When 
liquids  are  in  communicating  vessels,  the  surfaces  of  the  two  portions  are  in  a  horizontal 
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plane.  (See  Liquids,  Level  Surface  of.)  If  the  edge  of  one  of  the  vessels  be  not  so 
high  as  that  of  the  other,  and  the  second  be  kept  Ml,  the  first  must  continually 
overflow.      The  strata  of  the  earth's 


upper  crust  have  \ 
absorbing  water.  1 
the  surface  layer  ii 


powers  of 
i  many  districts 
clay,   which    J_ 


Jeneath  this  there  may  be  gravel  and 
chalk,  which  both  absorb  and  yield 
great  quantities  of  water  with  facility 
If  the  three  strata  are  bent  into  a  cap 
shape  so  that  the  edges  of  the  gravel 
or  chalk  are  exposed,  tbe  rain  falling 
on  these  will  soak  in  and  accumulate 
beneath  the  impervious  clay,  while  the 
rain  which  falls  upon  the  latter  will  be 
freely  removed  bythe  water-courses. 

Accordingly,  a  locality  with  a  clay  soil  may  be  suffering  from  drought,  while  there 
is  abundant  water  beneath  it  pressing  upward  with  a  force  proportional  to  the  differ- 
ence of  level  between  the  clay  and  the  edge  of  tbe  exposed  lower  strati  where  they 
crop  up.  On  piercing  the  clay  into  the  chalk  the  water  will  rise  in  tbe  boring, 
and  will  gush  forth  with  a  velocity  dependent  upon  the  above  difference  of  level. 
{Fig.  6.) 

Artificial  Tourmaline.    See  lodoquint'ne. 

Albectos.  (aafiiorof,  indestructible.)  A  mineral  containing  silicate  of  magnesia, 
occurring  in  minute  fibres  and  filaments.  There  are  many  varieties,  the  one  most 
known  is  called  amianthus  (Greek,  oywfof,  undefiled;  a,  not;  and  ^twu,  to  polute), 
from  its  resistance  to  fire ;  this  occurs  in  long  silky  fibres,  very  flexible  and  elastic, 
and  of  a  white  color ;  they  are  easily  separated  from  each  other,  and  have  been  woven 
into  fireproof  cloth,  which,  when  soiled,  is  cleansed  by  beating  in  the  fire. 

Ascending  Hode.    See  Node. 

Ascension,  Right.     (Ascensi'o,  advance.)     The  right  a 


i  celestial 


and  the  body,  and  the  other  through  tbe  pole  of  the  heavens  anil  the  first  point  of 
Aries.  (See  Aries.)  Since  right  ascensions  are  measured  on  the  equator  from  west 
to  east  while  the  diurnal  rotation  of  the  heavens  takes  place  from  east  to  west,  it  is 
clear  that  a  star,  having  a  given  right  ascension,  will  come  to  the  meridian  later 
than  the  first  point  of  Aries,  by  an  interval  equal  to  that  in  which  the  earth  rotates 
through  an  angle  equal  to  the  star's  right  ascension.  Thus  If  a  star's  right  ascension 
is  15  degrees,  the  star  will  come  to  the  meridian  one  hour  after  the  first  point  of 
Aries,  since  the  earth  rotates  through  15  degrees  in  one  hour.  Right  ascension  is, 
therefore,  commonly  measured  in  hours,  minutes,  and  seconds  of  time,  instead  of  in 
degrees,  minutes,  and  seconds  of  arc.  (See  Declination  and  Equatorial.)  In  old 
works  on  astronomy  tbe  term  oblique  ascension  is  sometimes  met  with.  The  oblique 
ascension  of  an  object  is  the  arc  between  the  first  point  of  Aries  and  that  point  on 
the  equator  which  comes  to  the  horizon  at  the  same  time  as  the  object.  It  obviously 
varies  with  the  latitude  of  the  place  of  observation. 

Ascensional  Difference. — The  difference  between  the  oblique  and  the  right 
ascension  of  a  celestial  object.    (See  Ascension,  Bight.)    The  term  is  now  obsolete. 

Ash  of  Plants.— See  Plants .  Ask  of. 

Aspect.     A  term  used  by  astrologers.     See  Astrology. 

Assaying.  (Essayer,  to  try.)  An  analytical  operation  in  which,  as  a  rule,  one 
ingredient  of  a  compound  is  alone  determined.  Moreover,  it  applies  1o  metallic 
alloys  only,  and  is  usually  restricted  to  those  of  silver  and  gold.  Hence,  assaying 
is  one  of  the  cardinal  operations  in  all  Mints.  Sir  John  Pettns,  in  his  Dictionary 
of  Metallick  Words  (1683),  says,  ....  "I  take  Assaying  to  have  relation  only 
to  things  of  weight,  as  metals,  etc.;  from  the  word  As,  or  Assis  (which  signifies  a 
pound  weight,  or  12  ounces,  or  the  whole  of  any  substance  which  mav  be  divided 
into  parts),  and  especially  applicable  to  the  greatest  or  smallest  coins  that  are  made 
of  any  metal,  which  many  times  were,  and  Btill  are.  of  copper  or  brass,  which  the 
latins  call  Ms,  and,  therefore,  I  suppose,  it  is  sometimes  writ  Essaying."  (See 
also  Cupellalion.) 
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Astatic,  (a,  without ;  and  ot<u*,  to  stand.)  An  arrangement  of  magnetic  needles 
such  that  the  earth  shall  have  no  directive  action  upon  them,  is  called  an  astatic 
combination,  and  sometimes  simply  an  astatic  needle.  It  is  usual  to  suspend  two 
equal  needles  parallel  to  one  another  and  horizontal,  bo  that  the  plane  which  con- 
tains them  shall  be  vertical,  and  their  like  poles  are  turned  in  opposite  directions. 
Such  a  system  is  made  use  of  in  experiments  on  the  directive  force  of  currents  of 
electricity  upon  magnets,  used  in  galvanometers.  It  is  possible  also  to  make  a 
single  needle  astatic  by  placing  magnets  near  to  it,  or  by  suspending  it  upon  an  axis, 
in  the  magnetic  meridian,  and  parallel  to  the  line  of  magnetic  inclination. 

Astatic  Galvanometer;  or  Multiplier.    (Sec  Multiplier;  Thermomultiplier.) 

Aflterism.  (owtfjjp,  a  star.)  Properly,  any  collection  or  group  of  stars,  but  now 
commonly  limited  to  small  groups,  as  distinguished  from  constellations. 

Asteroids.  (a0**poft$ij$,  resembling  a  star.)  The  name  given  to  members  of  the 
zone  of  small  planets  travelling  between  the  orbits  of  Mars  and  Jupiter.  Although 
correctly  designating  the  aspect  of  these  bodies,  which  are  not  readily  distinguishable 
from  the  fixed  6tars,  save  t>y  the  experienced  observer,  the  name  can  hardly  be 
considered  as  well  chosen,  since  in  all  their  real  attributes  these  bodies  are  altogether 
different  from  the  fixed  stars. 

The  discovery  of  the  first  known  members  of  this  zone  forms  one  of  the  most 
interesting  chapters  in  the  history  of  astronomy.  It  had  long  been  noticed  that  a 
large  gap  separates  the  orbit  of  Mars  from  that  of  Jupiter.  Not,  indeed,  that  the 
actual  distance  between  these  orbits  is  even  so  great  as  that  which  separates  the 
orbits  of  Jupiter  and  Saturn.  But  the  orderly  increase  observable  in  the  planetary 
distances  as  we  proceed  outwards  from  the  sun,  is  obviously  marred  by  the  sudden 
increase  which  marks  the  interval  between  the  orbits  of  Jupiter  and  Mars  as  com- 
pared with  that  between  the  orbits  of  Mars  and  the  earth.  This  circumstance  led 
Kepler,  and  afterwards  Titius,  to  express  the  opinion,  that  an  undetected  planet 
revolves  between  Mars  and  Jupiter.  The  discovery  of  the  planet  Uranus,  whose 
mean  distance  corresponds  exactly  with  Bodc's  law,  led  Bode  to  assert  his  belief  that 
astronomers  might  with  advantage  search  for  such  a  planet.  Accordingly,  for  the 
first  time  in  the  history  of  astronomy;  an  empirical  law,  a  law  whose  cause  is  even 
now  not  recognized,  led  astronomers  to  commence  a  systematic  survey  of  the  heavens. 
Through  the  exertions  of  Baron  de  Zach,  an  association  of  twenty-four  astronomers 
was  formed.  These  observers  divided  the  zodiac  between  them,  and  shortly  after 
the  commencement  of  the  present  century,  the  search  for  the  new  planet  was  fairly 
commenced.  But  the  discovery  did  not  fall  to  the  lot  of  any  of  those  who  had 
undertaken  the  search.  As  in  the  case  of  the  planet  Uranus,  an  apparent  accident 
brought  the  first  discovered  member  of  the  family  of  asteroids  under  the  notice  of 
an  astronomer  who  richly  merited  such  a  success,  though  actually  engaged  on  work 
of  another  character.  Piazzi,  the  eminent  Italian  astronomer,  at  work  on  his  great 
catalogue,  was  carefully  surveying  the  constellation  Taurus,  when  his  attention  was 
attracted  by  an  apparent  change  of  place  in  a  small  star,  which  he  had  observed  on 
the  first  day  of  the  present  century.  By  January  3,  1801,  he  had  convinced  him- 
self of  the  star's  change  of  place.  He  communicated  his  discovery  to  Oriani  and 
Bode,  and  continued  his  own  observation  until  February  11,  when  his  labors  were 
interrupted  by  dangerous  illness.  When  his  letters  reached  Oriani  and  Bode,  the 
planet  had  already  approached  too  near  to  conjunction  with  the  sun  to  be  dis- 
cernible. There  seemed  great  risk  that  after  all  the  planet  would  escape  astrono- 
mers, since  it  would  not  be  discernible  before  September,  1801,  and  the  observa- 
tions of  Piazzi  were  deemed  insufficient  for  the  calculation  of  the  planet's  place 
after  so  long  an  interval.  But  Gauss,  the  eminent  mathematician,  came  to  the 
rescue,  and  after  a  careful  study  of  all  the  observations  made  by  Piazzi,  he  formed 
an  ephemeris  of  the  planet's  path  for  several  months  in  advance.  At  length,  after 
an  arduous  search,  De  Zach  redetected  the  planet  on  December  31, 1801 ;  Olbers 
(independently)  discovering  it  on  the  following  evening.  After  one  year  of  doubt 
and  difficulty,  astronomers  had  succeeded  in  securing  a  well-earned  triumph  for  their 
science.  It  was  found  that  the  new  planet  travels  at  a  mean  distance  of  2.767  from 
the  sun,  the  earth's  distance  being  unity,  while  Bode's  law  had  indicated  for  it  a 
distance  of  2.8.  It  therefore  fulfilled  even  more  closely  than  was  to  have  been 
expected  this  empirical  law.     It  was  called  Ceres  by  Piazzi. 

But  while  astronomers  were  congratulating  themselves  on  this  new  proof  of  the 
existence  of  law  and  harmony  within  the  solar  system,  a  fresh  discovery  threatened 
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to  throw  all  into  disorder  again.  While  searching  for  Geres,  Olbers  had  noticed  with 
special  care  the  arrangement  of  the  small  stars  which  lav  near  its  assigned  geometric 
path.  On  March  28,  1802,  while  examining  a  part  of  the  constellation  V irgo,  he 
noticed  a  small  star  in  a  part  of  the  heavens  which  had  thns  been  rendered  familiar 
to  him,  the  star  occupying  a  place  where  he  felt  sure  no  star  had  been  visible  while 
his  search  for  Ceres  had  been  in  progress.  In  two  hours  he  had  recognized  the 
planetary  motion  of  this  body.  By  April  28,  Gauss  had  assigned  to  the  newly  dis- 
covered planet,  which  received  the  name  Pallas,  an  orbit  having  a  mean  distance 
very  little  less  than  that  of  the  planet  Ceres.  Thus  there  were  now  two  planets 
where  only  one  had  been  wanted  to  supply  the  gap  in  the  planetary  scheme.  Olbers 
was  led  to' expect  that  others  would  be  found ;  and  a  search  being  instituted  for  the 

Sorpose  of  testing  this  view,  Harding  of  the  Lilienthal  Observatory  discovered,  on 
eptember  2, 1804,  the  planet  Juno.  Next,  on  March  20,  1807,  exactly  five  years 
after  his  discovery  of  Dallas,  and  in  the  same  region  of  the  heavens,  Olbers  dis- 
covered Testa. 

Thirty-eight  yean  now  passed  before  any  further  addition  was  made  to  the  family 
of  asteroids,  Astraea,  discovered  on  December  8,  1845,  being  the  fifth  in  order  of 
recognition.  But  from  the  discovery  of  Hebe,  on  July  1,  1847,  not  a  year  has 
passed  without  adding  one  or  more  asteroids  to  the  list  of  known  planets.  In  some 
years  the  progress  of  discovery  has  gone  on  more  rapidly  than  in  others.  Thus,  in 
1661  ten  asteroids  were  discovered ;  m  1868  twelve;  while  in  each  of  the  years  1863 
and  1869  only  two  were  discovered.  But  at  present  there  seems  to  be  no  reason 
to  expect  that  a  year  will  ever  pass  without  adding  to  the  list.  The  following  table 
presents  all  the  asteroids  discovered  up  to  the  date  of  writing,  with  the  name  of  the 
discoverer  and  the  place  and  date  of  discovery : — 


No. 

Name. 

Date  of  DiseoTery. 

Discoverer. 

Place  of  Discovery. 

1 

Ceres 

1801,  January  1 

Piaiti 

Palermo 

S 

Pallas 

1802,  March  28 

Olbers 

Bremen 

s 

Juno 

1804,  September  2 

Harding 

Lilienthal 

4 

Vest* 

1807.  March  20 

Olbers 

Bremen 

A 

Astra* 

1845,  December  8 

Hencke 

Driessen 

6 

Hebe 

1847,  Jnly  1 

Hen eke 

Driessen 

7 

Iris 

Aognst  IS 

Hind 

London 

8 

Flora 

October  18 

Hind 

London 

9 

Metis 

1848,  April  25 

Graham 

Markree 

10 

Hygcla 

1849,  April  12 

De  Oasparis 

Naples 

11 

Parthenope 

1850,  May  11 

De  Oasparis 

Naples 

12 

Victoria 

September  13 

Hind 

London 

is 

Egerla 

If  oTember  2 

De  Oasparis 

Naples 

14 

Irene 

1851,  May  19 

Hind 

London 

15 

Ennoraia 

July  29 

De  Oasparis 

Naples 

16 

Psyche 

1852,  March  17 

De  Oasparis 

Naples 

17 

Thetis 

April  17 

Lnther 

Bilk 

18 

Melpomene 

Jane  24 

Hind 

London 

19 

Fortuna 

August  22 

Hind 

London 

20 

Maesllia 

September  19 

De  Oasparis 

Naples 

21 

Lntetia 

November  15 

Goldschmidt 

Paris 

22 

Calliope 

November  16 

Hind 

London 

23 

Thalia 

December  16 

Hind 

London 

24 

Themis 

1853,  April  6 

De  Oasparis 

Naples 

29 

Phocea 

April  6 

Chacornac 

Marseilles 

26 

Proserpina 

May  6 

Lnther 

Bilk 

27 

Euterpe 

November  8 

Hind 

London 

28 

Bellona 

1854,  March  1 

Lnther 

Bilk 

29 

Am  ph  it  rite 

March  1 

Marth 

London 

20 

Urania 

July  22 

Hind 

London 

SI 

Buphroayne 

September  1 

Ferguson 

Washington 

22 

Pomona 

October  26 

Goldschmidt 

Paris 

S3 

Polyhymnia 

October  28 

Chacornac 

Paris 

M 

Circe 

1855,  April  6 

Chacornac 

Paris 

25 

Lencothoa 

April  19 

Lnther 

Bilk 

26 

Atalanta 

October  6 

Goldschmidt 

Paris 

27 

Fides 

October  6 

Lnther 

Bilk 

28 

Leda 

1856,  January  12 

Chaeornae 

Paris 

29 

Latitia 

Febrnary8 
March  31 

Chacornac 

Paris 

40 

Harmonla 

Goldschmidt 

Paris 

41 

Daphne 

May  22 

Goldschmidt 

Paris 

42 

Ills 

May  23 

Pogson 

Oxford 

48 

Ariadne 

1857,  April  16 

Pogson 

Oxford 

44 

Kysa 

May  27 

Goldschmidt 

Paris 

a 

Eugenia 

Jane  28 

Goldschmidt 

Paris 

48 

Hestia 

Angus*  16 

Pogson 

Oxford 

6* 
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Name. 

Date  of  Discovery. 

DiscoTery. 

Place  of  DiscoTery. 

47 

Aglala 

1857,  September  16 

Luther 

Bilk 

48 

Doris 

September  19 

Goldschmidt 

Paris 

49 

Pales 

September  19 

Gold  schmidt 

Paris 

60 

Virginia 

October  4 

Ferguson 

Washington 

61 

Nemansa 

1868,  January  22 

Laurent 

Nismes 

62 

Kuropa 

February  6 

Goldschmidt 

Paris 

63 

Calypso 

April  4 

Luther 

Bilk 

64 

Alexandra 

September  10 

Goldschmidt 

Paris 

65 

Pandora 

September  10 

Searle 

Albany,  U.  8. 

66 

Melete 

1857,  September  9 

Goldschmidt 

Paris 

67 

Mnemosyne 
Concordia 

1859,  September  22 

Luther 

Bilk 

68 

I860,  March  24 

Luther 

Bilk 

69 

Olympia 

September  12 

Chacornae 

Paris 

60 

Echo 

September  15 

Ferguson 
Goldschmidt 

Washington 

61 

Dana* 

September  19 

Chatillon-sous-Bagneuz 

82 

Erato 

October  10 

Forster 

Berlin 

63 

Ansonia 

1861,  February  10 

De  Gasparis 

Naples 

64 

Angelina 
Cybeie 

March  4 

Tempel 

Marseilles 

66 

March  8 

Tempel 

Marseilles 

66 

Maia 

April  9 

Tattle 

Cambridge,  U.  8. 

67 

Asia 

April  17           / 

Pogson 

Madras 

68 

Leto 

April  29 

Luther 

Bilk 

69 

Hesperla 

April  29 

Schiaparelli 

Milan 

70 

Panopea 

May  6 

Goldschmidt 

Fonteaay-aux-Roees 

71 

Kiobe 

August  13 

Luther 

Bilk 

72 

Feronia 

May  29 

Peters 

Clinton,  U.  8. 

78 

Clytle 

1862,  April  7 

Tuttle 

Cambridge,  U.  S. 

74 

Galatea 

August  29 

Tempel 

Marseilles 

76 

En  ry  dice 

September  22 

Peters 

Clinton,  U.  8. 

76 

Freia 

October  21 

d*  Arrest 

Copenhagen 
Clinton,  D.  S. 

77 

Frigga 

November  12 

Peters 

78 

Diana 

1863,  March  15 

Luther 

Bilk 

79 

Eurynome 

September  14 

Watson 

Ann  Arbor,  U.  8. 

80 

8appho 

1864,  May  8 

Pogson 

Madras 

81 

Terpsichore 

September  30 

Tempel 

Marseilles 

82 

Alcmene 

November  27 

Luther 

Bilk 

83 

Beatrix 

1865,  April  26 

De  Gasparis 

Naples 

84 

Clio 

August  25 

Luther 

Bilk 

85 

Io 

September  19 

Peters 

Clinton,  U.  8. 

86 

8emele 

1866,  January  6 

Tletjen 

Berlin 

87 

Sylvia 

May  16 

Pogson 

Madras 

88 

Thisbe 

June  15 

Peters 

Clinton,  U.  8. 

89 

Jnlia 

August  6 

8t6phaa 

Marseilles 

90 

Antiope 

Oetober  1 

Luther 

Bilk 

91 

iEglna 

NoTember  4 

6tephan 

Marseilles 

92 

Undina 

1867,  July  7 

Peters 

Clinton,  U  8. 

93 

Minerra 

August  24 

Watson 

Ann  Arbor,  U.  8. 

94 

Aurora 

September  26 

Watson 

Ann  Arbor,  U.  8. 

95 

Arethusa 

November  23 

Luther 

Bilk 

96 

iBgle 

1868,  February  17 

Coggia 

Marseilles 

97 

Clothp 

February  17 

Tempel 

Marseilles 

98 

Ianthe 

April  18 

Peters 

Clinton.  U.  8. 
Marseilles 

99 

Dike 

May  29 

Borelly 

100 

Hecate 

July  11 

Watson 

Ann  Arbor,  U  8. 

101 

Helena 

August  16 

Watson 

Ann  Arbor,  U.  8. 

102 

Miriam 

August  22 

Peters 

Clinton,  U.  8. 

103 

Hera 

September  7 

Watson 

Ann  Arbor,  U.  8. 

104 

Clymene 

September  13 

Watson 

Ann  Arbor,  U.  8. 

105 

Artemis 

September  16 

Watson 

Ann  Arbor,  U.S. 

106 

Dlone 

October  10 

Watson 

Ann  Arbor,  U.  8. 

107 

Camilla 

November  17 

Pogson 

Madras 

108 

Hecuba 

1869,  April  2 

Luther 

Bilk 

109 

Felicitas 

October  9 

Peters 

Clinton,  U.  8. 

110 

Lydia 

1870,  April  19 

Borelly 

Marseilles 

The  most  remarkable  characteristics  of  the  asteroids  are  their  smallness,  and  the 
relatively  wide  range  of  eccentricity  and  inclination  among  their  orbits.  Their 
distances  vary  between  about  200  and  more  than  300  millions  of  miles.  The  eccen- 
tricity of  Polyhymnia  is  no  less  than  .339119,  so  that  its  greatest  distance  is  more  than 
twice  its  least.  The  inclination  of  Pallas  is  34°  43',  so  that  the  excursions  of  this 
planet  above  and  below  the  ecliptic  exceed,  when  taken  together,  the  mean  distance 
of  the  planet  from  the  snn. 

Leverrier  has  shown,  by  means  of  calculations  founded  on  the  secular  motion  of 
the  perihelion  of  Mars,  that  the  combined  mass  of  all  the  asteroids  (discovered  and 
undiscovered),  cannot  greatly,  if  at  all,  exceed  one-fourth  of  the  mass  of  our  earth, 
and  probably  bears  a  much  smaller  ratio  to  the  earth's  mass. 
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Professer  Kirkwood  of  America  has  shown  that  when  the  distances  of  the  asteroids 
are  arranged  in  order,  certain  well-marked  gaps  make  their  appearance.  In  other 
words,  there  are  no  asteroids  having  mean  distances  lying  near  certain  definite 
value*.  These  values  correspond  to  distances  at  which  asteroids  would  revolve  in 
periods  associated  with  the  period  of  Jupiter  according  to  certain  simple  laws  of 
commensurability.  Professor  Kirkwood  deduces  conclusions  favorable  to  the  general 
principle  on  which  the  nebular  hypothesis  is  founded.  He  further  compares  the 
peculiarity  in  question  with  the  existence  of  a  great  gap  in  the  Saturnian  ring-system, 
showing  that  a  satellite  revolving  within  that  gap  would  have  a  period  associated 
with  the  periods  of  the  inner  satellites  of  Saturn  according  to  simple  laws  of  com- 
mensurability. 

Astrolabe.  (dtftpoxa0<*.)  An  instrument  used  by  ancient  astronomers  for  observ- 
ing the  stars.  Its  principle  resembled  that  on  which  many  modern  instruments  are 
founded — as  the  equatorial,  the  alt-azimuth,  and  the  theodolite.  It  consisted  mainly 
of  graduated  circles,  having  a  common  centre.  Sights  carried  round  these  circles, 
or  in  some  instances  the  motion  of  the  circles  themselves,  served  to  indicate  the 
angular  distances  of  the  celestial  bodies  from  each  other,  or  from  fixed  celestial 
points  or  circles,  as  the  case  might  be.  The  instrument  was  used  for  a  variety  of 
purposes,  but  gradually  fell  into  disuse  after  Ptolemy's  invention  of  the  stereographic 
projection. 

Astrology,  (iotpo**  a  star;  Xtyo,  to  order,  arrange.)  This  term  should,  properly 
speaking,  be  usea  to  indicate  what  we  now  understand  by  the  word  astronomy.  It 
has  for  a  long  time  been  limited,  however,  to  the  pretended  art  of  divining  future 
events,  from  the  motions  of  the  stars.  In  this  sense  it  is  commonly  spoken  of  as 
"judicial  astrology,"  because  its  professors  pretended  to  form  a  judgment  respecting 
future  events. 

So  long  as  men  supposed  the  earth  to  be  the  centre  of  the  universe,  and  the  sun, 
moon,  stars,  and  planets  to  be  all  intended  for  her  benefit,  there  was  something  not 
altogether  unreasonable  in  the  belief  that  each  of  the  celestial  bodies  exerts  its  own 
peculiar  influences.  If  the  sun  pours  more  light  and  heat  on  the  earth  at  certain 
times  than  at  others,  it  was  conceivable  that  the  special  action  which  each  planet 
and  star  was  intended  to  exert  would  also  vary.  It  only  remained  to  determine 
(or,  failing  the  possibility  of  this,  to  guess)  what  was  the  nature  of  the  influence 
exerted  by  each  celestial  body,  and  under  what  circumstances  such  influence  was 
most  powerfully  called  into  action,  in  order  to  be  able  to  form  an  opinion  as  to  the 
condition  of  the  objects  affected  by  the  celestial  influences.  And  since  it  was 
possible  to  determine  beforehand  where  the  celestial  bodies  would  be  at  any  given 
time,  it  would  follow  that  men  could  anticipate  the  future  fate  of  all  creatures  thus 
affected,  as  certainly  as  they  could  predict  the  season  of  harvest  or  of  vintage.  Assume 
only  that  mankind  is  included  among  the  creatures  whose  lot  is  influenced  by  the 
motions  of  the  celestial  bodies,  then  precisely  as  one  can  predict  that  a  seed  sown 
out  of  due  season  will  not  germinate,  so  one  can  predict  that  a  man  born  when  the 
planets  were  exerting  unfavorable  influences  will  te  unsuccessful  in  life. 

When  we  consider  that  in  the  infancy  of  astronomy  there  appeared  just  this  germ 
of  reason  in  the  views  of  astrologers,  it  is  hardly  to  be  wondered  at  that  astrology 
should  in  old  times  have  taken  a  firm  hold  of  men's  minds,  or  that  even  now  it  should 
be  found  by  charlatans  an  ever-ready  means  of  deceiving  the  ignorant.  Considering 
how  ready  men  have  been  to  draw  conclusions  respecting  the  future  from  circumstances 
which  seem  to  have  absolutely  no  bearing  whatever  on  future  events,  as  from  the 
condition  of  the  entrails  of  animals,  from  lines  on  the  hand,  and  even  from  the  combina- 
tions of  playing-cards — it  is  not  surprising  that  the  influences  which  the  planets  and 
stars  might  reasonably  enough  be  supposed  to  exert,  should  be  eagerly  studied,  and 
the  lesson  of  futurity  seem  clearly  legible  in  the  calculated  motions  01  these  orbs. 

It  would  certainly  not  be  fitting  that  men  of  the  present  age  should  sneer  overmuch 
at  the  credulity  of  those  who  in  olden  times  believed  unqnestioningly  in  the  decrees 
of  judicial  astrology.  It  would  be  well  if  all  the  superstitions  which  live  in  our  day 
had  even  that  small  basis  of  probability  on  which  the  ancients  rested  their  belief  in 
stellar  influences. 

It  is  against  the  founders  of  the  doctrine  of  astrology,  rather  than  against  those 
who  put  faith  in  them,  that  our  diatribes  should  be  directed.  It  is  impossible  to 
conceive  that  they,  at  any  rate,  had  any  belief  in  what  they  taught.  They  must  have 
formed  the  laws  of  their  pretended  science  entirely  at  random,  being  at  pains,  indeed, 
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to  give  reasons  for  their  selection  of  such  and  such  influences,  as  associable  with  such 
and  such  celestial  bodies ;  but,  undoubtedly,  conscious  that  the  selection  had  been 
made  at  random.  It  is  only  necessary  to  mention  a  few  of  their  pretended  laws  of 
divination  to  see  that  this  is  so.  Saturn  and  Mars  were  supposed  to  exert  evil 
influences,  while  Venus  and  Jupiter  were  benignant,  and  Mercury  and  the  sun 
indifferent.  Dividing  the  heavens  into  12  houses  by  certain  circles,  they  called  the 
first  house  the  "  house  of  life ;"  second,  "  the  house  of  riches ;"  the  rest,  in  order, 
referring  to  "  brothers,  parents,  children,  health,  marriage,  death,  religion,  dignities, 
friends,  and  enemies."  The  planetary  aspects  were  characterized  in  a  similarly 
arbitrary  manner ;  opposition  and  quadrature  being  malignant,  trine  and  sextile 
benignant,  and  conjunction  indifferent 

But,  perhaps,  the  most  remarkable  part  of  the  history  of  astrology  is  that  which 
belongs  to  the  period  immediately  following  the  invention  of  the  telescope.  The 
professors  of  astrology  set  themselves  busily  to  work  to  find  suitable  influences  for 
the  spots  on  the  sun,  the  satellites  of  Jupiter,  and  so  on.  Nay,  we  find,  that  even 
observers  of  repute  were  willing  to  devote  a  large  part  of  the  treatises,  in  which  they 
described  their  descoveries,  to  the  attempt  to  explain  the  influence  of  newly-discovered 
objects  on  the  lives  and  fortunes  of  men. 

It  is  fortunate  for  the  charlatans  who,  in  our  day,  profess  to  believe  in  astrology, 
that  they  have  not  felt  bound,  like  their  predecessors,  to  assign  suitable  influences  to 
all  the  celestial  objects ;  since,  otherwise,  the  zone  of  asteroids  and  the  periodic 
comets  would  have  painfully  taxed  their  inventive  powers. 

Astrometer.  (a^rpov,  a  star ;  and  fiitpw  a  measure.)  An  instrument,  devised  by 
Sir  John  Herschel,  for  estimating  the  brightness  of  the  fixed  stars.  The  essential 
object  of  the  instrument  is  to  bring  an  image  of  Jupiter,  the  moon,  or  some  other 
object  of  recognized  brightness,  into  direct  comparison  with  a  star,  so  that  star  and 
image  are  seen  in  the  same  direction.  By  adjusting  the  distance  of  the  image,  so 
that  it  appears  equal  in  brightness  to  the  star,  and  measuring  this  distance,  the 
lustre  of  the  star  is  readily  determined. 

Bouguer  applied  the  term  astrometer  to  the  heliometer. 

Astronomical  Eye-piece.    See  Negative  Eye-piece. 

Astronomy,  (aarpw,  a  star ;  w>w,  to  classify.)  The  science  which  deals  with  the 
distribution,  motions,  and  characteristics  of  the  heavenly  bodies. 

There  can  be  little  doubt  that  astronomy  is  the  most  ancient,  as  in  certain  respects 
it  is  the  most  noble,  of  the  sciences.  From  the  earliest  ages,  thoughtful  men  have 
contemplated  with  interest  and  wonder,  the  phenomena  presented  by  the  celestial 
bodies ;  so  that  it  is  not  without  reason  that  Gassendus  nas  ascribed  the  birth  of 
astronomy  to  admiration.  And  gradually,  as  one  phenomenon  after  another  was 
detected,  it  began  to  be  recognized  that,  independently  of  its  singular  charm,  the 
study  of  the  heavens  may  be  made  to  subserve,  in  an  important  manner,  the  interests 
of  the  human  race.  By  supplying  convenient  modes  of  measuring  time,  and  marking 
the  progress  of  the  seasons,  by  affording  the  traveller  a  means  of  guiding  his  course 
over  pathless  wastes,  or  the  wide  expanse  of  ocean;  and,  later,  by  supplying 
exact  means  of  measuring  and  surveying  the  earth,  the  "  stars  in  their  courses" 
minister  importantly  to  the  wants  of  men.  It  has  been  in  relation  to  these,  and 
other  useful  purposes,  that  practical  astronomy  has  been  specially  cultivated. 
During  the  progress  of  observations  made  in  pursuance  of  such  objects,  there  have 
arisen  numberless  questions  of  interest  associated  with  the  laws  of  the  celestial 
motions,  and  the  physical  attributes  of  the  celestial  bodies.  In  the  examination  of 
these  questions  physical  astronomy  has  taken  its  rise.  These  important  divisions 
of  the  science  have  progressed  for  mauy  ages  on  parallel  courses,  though  not  always 
pari  passu. 

There  are  few  questions  which  have  given  rise  to  more  discussion,  and  have  led  to 
less  satisfactory  conclusions,  than  the  problem  of  determining  to  which  nation  of 
antiquity  the  origin  of  astronomy  is  to  be  attributed.  The  Chalcteans  have  been 
considered  by  many  as  the  first  who  studied  the  science,  and  we  have  undoubted 
evidence  that  at  a  very  early  epoch  observations  of  considerable  accuracy  were 
made  at  Babylon.  Calisthenes  transmitted  to  Aristotle  observations  made  there 
about  2250  years  before  Christ.  The  invention  of  the  Saros  (see  Cycle)  indicates 
af$o  an  accuracy  of  observation,  and  an  attentive  scrutiny  of  results,  which  force  us 
to  fc\rm  a  high  opinion  of  the  Chaldaean  astronomers.  Some  even  have  supposed  that 
theyibad  determined  the  true  nature  of  the  planetary  motions ;  but  the  evidence  on 
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Hub  point  is  too  vague  and  unsatisfactory  to  be  accepted.  Chinese  astronomy  has 
high  claims  to  antiquity,  but  the  accuracy  of  the  older  Chinese  observations  is  more 
than  questionable.  The  phenomena  recorded  in  the  works  of  Confucius  are  merely 
announced  as  facts,  not  with  astronomical  accuracy.  M.  Bailly  has  discovered  that 
•  conjunction  of  Mars,  Jupiter,  Saturn,  and  Mercury,  adopted  as  an  epoch  by  the 
Emperor  Chwen-hio,  occurred  on  February  28,  B.C.  2449,  between  a  Arietis,  and  the 
Pleiades.  In  the  reign  of  the  Emperor  Chou-kang,  the  chief  astronomers  Ho  and 
Hi  (probably  these  were  the  names  of  their  offices)  were  condemned  to  death  for 
having  neglected  to  announce  a  solar  eclipse,  which  took  place  B.C.  2169.  It  has 
recently  been  shown  by  Mr.  Williams,  Assistant  Secretary  of  the  Astronomical 
8ociety,  that  the^chief  characteristics  of  modern  Chinese  astronomy,  and  especially  the 
instruments  now  in  use,  were  introduced  by  the  Jesuit  missionaries.  Still  there  can 
be  no  doubt  that  in  very  ancient  times,  long  before  the  age  of  Melon  in  fact,  the 
Chinese  were  in  possession  of  the  Metonic  and  Calippic  cycles.  The  claims  of  the 
Hindus  to  be  the  inventors  of  astronomy  have  given  rise  to  much  dispute.  Bailly 
regarded  the  Hindu  astronomy  as  exceedingly  ancient,  but  as  founded  on  a  yet  more 
ancient  astronomy,  the  invention  of  the  Atlantides.  An  argument  of  considerable 
weight  against  the  invention  of  their  own  system  by  Hindu  astronomers,  is  founded 
on  the  circumstance,  that  in  their  sacred  books  astronomical  phenomena  and  relations 
are  described  which  belong  to  a  latitude  much  farther  north  than  that  of  Benares. 
But,  weighty  as  this  argument  is,  M.  Bailly  laid  too  much  stress  unon  it  when, 
without  direct  evidence  of  any  sort,  he  invented  a  nation,  assigned  that  nation  a 
local  habitation  and  a  name,  and  attributed  to  them  learning  so  high,  as  to  justify 
the  remark  of  d' Alembert,  that  they  would  seem  to  have  taught  mankind  everything 
except  that  the  Atlantides  ever  existed. 

Recently,  Professor  Piazzi  Smyth,  Astronomer  Royal  for  Scotland,  has  pointed 
to  many  striking  evidences  in  favor  of  the  view  that  the  architects  of  the  Great 
Pyramid  were  acquainted  with  many  astronomical  facts  usually  regarded  as  modern 
discoveries ;  and,  as  he  places  the  construction  of  this  pyramid  in  a  far  antiquity,  it 
would  follow,  if  we  accept  his  inferences,  that  the  nation  which  built  the  pyramid 
were  the  real  inventors  of  astronomy.  He  points  out  reasons  for  believing  that  the 
astronomical  epoch,  to  which  the  Great  Pyramid  corresponds,  is  the  last  occasion 
when  the  star  a  Draconis  was  3°  42'  from  the  pole  of  the  neavens,  or  2170  B.C.  At 
this  period  the  Pleiades  were  almost  exactly  opposite,  and  a  Draconis  in  Right 
Ascension ;  but  they  were  "  in  a  most  peculiar  cosmical  position,  well  worthy  of 
being  monumentally  commemorated,  for  tney  were  actually  at  the  commencing  point 
of  all  rie ht  ascension,  or  at  the  very  beginning  of  running  that  grand  round  of 
stellar  chronological  mensuration  which  takes  25,868  years  to  return  into  itself 
again,  and  has  Deen  termed  elsewhere,  for  reasons  derived  from  far  other  studies 
than  anything  hitherto  connected  with  the  Great  Pyramid,  the  great  year  of  the 
Pleiades"  It  must  be  remarked,  however,  that,  striking  and  most  interesting  as 
are  many  of  the  relations  pointed  out  by  Professor  Smyth,  one  must  not  accept 
without  extreme  caution  results  founded  on  mere  numerical  coincidences.  There 
have  been  instances  in  which  the  most  striking  coincidences  have  been  proved  to  be 
mere  accidents.  One  even  of  those  insisted  upon  by  Professor  Smvth  must  be 
regarded  as  accidental.  He  shows  that  the  sum  of  the  diagonals  of  the  pyramid's 
base  amounts  to  25,836  inches,  corresponding  closely  to  the  number  of  years  in  the 
great  precessional  cycle,  according  to  the  best  and  latest  researches.  But  elsewhere 
he  remarks  that  a  side  of  the  pyramid's  base  contains  as  manv  sacred  cubits  (each 
25  British  inches)  as  there  are  days  in  the  year— i.e.,  365.25.  One  of  these  relations 
must  of  necessity  be  accidental,  since  the  length  of  the  side  determines  the  length 
of  the  diagonal,  while  there  is  no  connection  at  all  between  the  number  of  days  in 
theyear  and  the  number  of  years  in  the  great  precessional  cycle. 

The  astronomy  of  the  Greeks  seems  to  have  been  derived  from  the  Egyptians. 
The  founder  of  the  Ionian  or  earliest  school  of  Greek  astronomy  was  Thales  of 
Miletus  ( A.D.  600).  He  exhibited  the  nature  of  the  lunar  and  solar  motions, 
explained  the  inequality  of  the  days  and  nights  in  different  seasons,  and  determined 
the  length  of  the  solar  year.  To  him  also  has  been  attributed  the  selection  of  the 
Lesser  Bear  in  place  of  the  Greater,  as  a  polar  constellation.  A  century  later 
Pythagoras  made  important  advances  in  astronomy.  He  exhibited  the  spherical 
shape  of  the  earth,  and  is  held  by  some,  though  on  insufficient  grounds,  to  have 
taught  that  the  sun  is  the  centre  of  the  planetary  motions.    What  he  really  taught, 
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according  to  the  statement  of  Philolaus,  was  that  "  the  earth  and  planets  move  in 
oblique  circles  (or  ellipses)  about  fire,  as  the  sun  and  moon  do."  It  may  be  that  the 
last  words  were  added  by  Philolaus,  in  which  case  we  may  believe  that  Pythagoras 
had  discovered  the  true  system.  But  the  evidence  is  too  vague  for  any  confident 
belief  on  this  point.  To  the  Ionian  school  belongs  the  honor  of  having  invented  the 
Me  tonic  Cycle,  though  some  doubt  exists  whether  Me  ton  detected  the  period  which 
bears  his  name. 

Eudoxus  of  Cnidus  (who  died  about  B.C.  368)  determined  the  length  of  the  lunar 
month,  and  adopted  the  year  of  365  j  days.  He  was  among  the  earliest  to  deal  with 
the  difficulties  which  the  looped  paths  of  the  planets  oppose  to  the  theory  that  the 
earth  is  the  centre  of  the  planetary  motions. 

Passing  over  the  work  of  Timocharis,  Aristyllus,  and  Apollonius  of  Perga,  we 
come  to  the  most  eminent  of  all  the  astronomers  of  old,  the  famos  Hipparchus  of 
Nicaea.  He  was  essentially  a  student  of  practical  astronomy.  He  estimated  the 
length  of  the  tropical  year  within  4£  minutes  of  its  true  value,  determined  the  mean 
motion  of  the  sun,  detected  the  eccentricity  of  the  solar  orbit,  and  assigned  the 

S laces  of  its  apogee  and  perigee.  He  examined  the  lunar  motions  with  equal  care, 
etermining  the  motion  of  the  moon's  nodes  and  of  her  apogee,  the  eccentricity  of  her 
orbit,  the  equation  of  her  centre,  and  her  mean  inclination.  He  constructed  tables, 
invented  processes  resembling  those  of  plane  and  spherical  trigonometry,  and  devised 
the  application  of  parallax  to  determine  the  distances  of  celestial  objects.  He  also 
formed  a  catalogue  of  1081  stars,  which  has  been  justly  termed  "  one  of  the  most 
valuable  bequests  of  antiquity."  The  greatest  of  his  works,  however,  was  his  dis- 
covery of  the  precession  of  the  equinoxes.     (See  Precession.) 

Ptolemy  is  chiefly  famous  as  the  inventor  of  the  system  which  bears  his  name 
(Ptolemaic  System),  though  the  work  he  did  as  an  observer  has  been  altogether 
more  valuble  to  the  science  of  astronomy.     He  discovered  the  lunar  evection. 

Between  the  age  of  Ptolemy  and  the  foundation  of  modern  astronomy  we  find  the 
students  of  the  science  chiefly  occupied  in  endeavoring  to  reconcile  the  celestial 
motions  with  the  principles  of  the  Ptolemaic  System.  Good  work  was  indeed  done 
by  Arabian  and  Persian  astronomers  during  that  long  interval ;  but  the  belief  in  an 
erroneous  theory  vitiated  the  whole  series  of  labors  carried  on  by  astronomers. 

With  the  researches  of  Nicholaus  Copernik  (who  died  in  1543)  modern  astronomy 
may  be  said  to  have  taken  its  rise.  Though  unable  to  get  rid  entirely  of  the  com- 
plexities and  difficulties  which  surrounded  the  Ptolemaic  System,  yet  by  placing  the 
sun  in  the  centre  of  the  planetary  scheme,  and  by  showing  the  earth  to  be  but  a 
member  of  the  sun's  family,  he  exhibited  a  simplicity  and  harmony  in  the  solar 
system  which  it  had  hitherto  wanted.     (SeeCopernican  System.) 

Tycho  Brahe  endeavored  to  replace  the  earth  at  the  centre  of  the  universe  (see 
Tychonic  System) ,  but  the  observations  which  he  carried  out  with  the  special  in- 
tention of  overthrowing  the  Copernican  System,  became  in  the  hands  of  Kepler 
the  means  of  establishing  that  system  on  a  firmer  foundation.  (See  Kepler ian 
System.) 

The  publication  of  Kepler's  two  first  laws  (in  1609),  and  the  almost  simultaneous 
announcement  by  Galileo  of  the  discovery  of  Jupiter's  satellites,  the  phases  of 
Venus,  and  a  number  of  other  phenomena  having  an  obvious  relation  to  the  new 
views  respecting  the  universe,  led  all  the  more  advanced  astronomers  to  accept  with 
confidence  the  Copernican  System.  But  it  was  not  till  Newton  had  established  the 
theory  of  gravitation  (q.  v.),  that  the  true  system  can  be  said  to  have  been  placed 
beyond  a  doubt.  So  long  as  the  motions  of  the  planets  were  regarded  with  simple 
reference  to  kinematical  principles,  there  was,  in  fact,  no  real  means  of  demonstrating 
that  Tycho  Brahe's  system  was  not  the  true  explanation  of  the  celestial  motions. 
It  was  only  when  men  began  to  recognize  the  dynamical  principles  involved  in  the 
planetary  motions  that  it  became  impossible  for  them  to  accept  the  earth  as  the 
centre  of  those  movements. 

Bradley's  discovery  of  the  aberration  of  the  celestial  bodies  (q.  v.),  supplied  a  new 
and  perfect  demonstration  of  the  Copernican  theory.  But  the  events  which  have 
characterized  the  progress  of  astronomy  since  the  time  of  Newton  form  parts  of  a 
system  too  wide  to  be  dealt  with  in  this  section.  The  reader  is  therefore  referred  to 
separate  headings  for  an  account  of  the  discoveries  made  in  the  various  departments 
of  modern  astronomy.  It  is  unnecessary  to  point  out  what  those  heading  are,  but  it 
may  be  remarked  that  under  such  general  headings  as  The  Solar  System,  Planets, 
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Neb%Ua,  Stars,  Comets,  and  so  on,  the  reader  will  find  mentioned  the  headings  of  the 
mbordinate  subjects  whose  study  may  be  necessary  to  complete  his  general  survey 
of  the  science. 

Among  the  immense  number  of  treatises  which  have  been  written  on  astronomy, 
we  may  select  for  special  mention,  Delambre's  Histoire  <T  Astronomie,  and  his  Traxti 
st  Astronomic,  Thtoretique  et  Pratique,  Sir  John  Herschers  Outlines  of  Astronomy, 
and  Professor  Grant's  History  of  Physical  Astronomy. 

Aftro-photometer.  An  instrument  described  by  Zollner  for  measuring  the 
intensity  of  the  light  of  celestial  bodies.  Its  description  is  too  complicated  to  be 
understood  without  wood-cuts,  but  it  is  described  in  Zollner's  "  Grundztige,  einer  allge- 
meinen  Photometric  des  Himmels,  Berlin,  1861/'  The  following  intensities  were 
obtained  by  Zollner  by  comparing  the  sun  or  planets  with  a  Auriga :  he  found  that 
the  intensity  of  the  sun  was  55,760,000,000  times  that  of  Capella,  with  a  probable 
error  of  about  5  per  cent.    Hence  for  the  intensity  of  the  mean  opposition : — 

Prob.  error. 

Sun »  6,994,000,000  times  Mars,        .        .        .        .    5.8  per  cent 

Sun  =  5,472,000,000     "     Jupiter,    ....    5.7 

8un=  130,980,000,000  "  Saturn  (without  the  ring),  5.0 
Sun=»  8,486,000,000,000  "  Uranus,  ....  6.0 
Sun  =  79,620,000,000,000     "     Neptune,  .        .        .5.5 

Sun=  619,600     "     Full  Moon,       .        .        .2.7 

And  by  comparing  surfaces,  Sun,  =»  618,000  times  Full  Moon,    1.6 

From  the  above  it  follows  that  our  sun,  at  a  distance  of  3.72  years-way  of  light, 
would  appear  like  Capella  with  a  parallax  of  0.874  seconds.  Zollner  found  the 
reflecting  power  to  be  as  follows : — 


M 


<i 


it 


U 


11 
11 


Moon,         ....    0.1736 
Mars,  ....    0.2672 

Jupiter,      ....    0.6238 


Saturn,  ....  0.4981 
Uranus,  ....  0.6400 
Neptune,    ....    0.4648 


For  the  sake  of  comparison,  we  give  the  following  determinations  of  the  reflecting 
power  of  terrestrial  substances : — 


By  diffused  reflected  light — 

Begular  reflection — 

Snow  just  fallen, 

0.783 

Mercury,  . 

.      0.648 

"White  paper,  . 

0.700 

Speculum  metal, 
Glass, 

.      0.535 

White  sandstone,     . 

0.237 

.      0.040 

Clay  marl, 

0.156 

Obsidian, 

.      0.032 

Quartz  porphyry,     . 

0.108 

Water,     . 

.      0.021 

Moist  soil, 

0.079 

Dark  gray  syenite,  . 

.      0.078 

Atacamite.    See  Copper. 

Athermancy.  (<*,  not ;  dippy,  heat.)  A  term  introduced  by  Melloni  to  designate 
the  property  of  stopping  the  passage  of  radiant  heat.  It  is  thus  the  opposite  of 
diathermancy,  and  corresponds  to  opacity  in  the  case  of  light ;  in  fact,  an  athermanous 
substance  is  sometimes  spoken  of  as  being  opaque  to  heat.   (See  also  Diathermancy.) 

Atlantic  Telegraph.  Information  as  full  as  our  limits  permit  on  the  subject  or 
telegraphy  in  general,  and  submarine  telegraphy  in  particular,  will  be  found  under 
the  heads  Telegraph  and  Cable,  Submarine.  Ilere  we  propose  to  give  a  few  details 
on  the  subject  of  the  construction  and  working  of  the  Atlantic  cables. 

The  credit  of  originating  the  idea,  or  at  least  of  maturing  it,  is  duo  to  Mr.  Cyrus 
W.  Field ;  but  probably  no  undertaking  of  the  kind  ever  before  engrossed  the  attention 
and  called  to  its  aid  the  powers  of  so  many  scientific  men,  mathematicians,  electricians, 
and  engineers,  and  none  ever  aided  pure  science  so  much  by  assisting  discovery  and 
stimulating  research.  Peculiar  difficulties  which  had  not  been  encountered,  or  had 
only  been  encountered  to  a  very  small  extent,  in  the  previous  short  lines,  were  met 
with,  both  in  engineering  and  in  electric  testing  and  signalling ;  and  the  talent  of 
England  and  America  were  called  into  play  to  overcome  them.  We  regret  that  our 
space  does  not  permit  us  to  tell  the  exciting  story  of  the  many  trials  and  failures,  of 
the  steady  perseverance  and  indomitable  energy  and  courage  of  the  promoters  and 
undertakers  of  the  scheme,  of  the  triumph  over  difficulties  and  successful  laying  of  the 
1866  cable,  and  of  the  still  greater  feat,  the  recovery  and  completion  of  the  lost  1865 
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cable ;  for  these  we  refer  our  readers  to  The  Atlantic  Telegraph,  by  Dr.  W.  H. 
Russell. 

In  1857,  the  first  attempt  to  lay  an  Atlantic  cable  was  made.  Starting  from 
Yalentia,  330  knots  were  submerged  when  the  cable  broke,  owing  to  defective 
paying-out  machinery.  In  the  summer  of  1858,  the  same  cable  was  taken  on  board 
by  the  "  Niagara"  and  "  Agamemnon ;"  a  splice  was  made  in  the  middle  of  the 
Atlantic,  and  the  vessels  commenced  paying  out.  Thrice  the  cable  broke,  but  at 
the  fourth  trial  the  operation  was  successful,  and  a  cable  connected  Ireland  with 
Newfoundland.  Unfortunately  there  was  a  slight  fault  in  the  cable,  which  rapidly 
became  worse  and  worse,  till  after  a  few  days  communication  altogether  ceased ;  not, 
however,  before  several  messages  had  been  transmitted  and  the  feasibility  of  an 
Atlantic  Telegraph  had  been  demonstrated.  Between  1857  and  1858,  Sir  William 
Thomson  had  shown  the  great  difference  in  the  conductivity  of  various  specimens 
of  copper  wire,  and  fcad  proved  that  proper  selection  of  copper  wire  may  increase 
the  speed  of  telegraphing  by  at  least  30  per  cent.  The  mirror  and  marine  galva- 
nometers had  also  been  invented,  and  were  used  in  signalling  through  the  cable  in 
1858,  and  in  testing  on  board  the  vessel. 

The  1858  cable  consisted  of  seven  copper  wires  twisted  into  one  strand,  a  number 
of  wires  being  used  instead  of  a  single  thick  one,  in  order  that  if  one  should  break 
from  twisting  or  bending  the  cable,  or  in  any  other  way,  the  continuity  of  the  con- 
ductor may  not  be  destroyed.  Over  these  gutta  percha  was  laid  in  three  coatings, 
and  the  whole  protected  by  eighteen  strands  of  iron  wire,  each  strand  being  com- 
posed of  seven  wires,  which  were  laid  spirally  round  the  core,  being  separated  from 
it  by  a  padding  of  hemp  saturated  with  tarry  mixture.  The  weight  was  20  cwt. 
per  knot  in  air,  and  13.4  cwt.  in  water,  and  its  breaking  strain  was  3  tons  5  cwts.,  so 
that  the  cable  would  bear  a  little  less  than  five  miles  of  itself  suspended  in  water. 
The  distance  from  Ireland  to  Newfoundland  is  1670  miles,  and  2174  miles  of  the 
cable  were  shipped  for  the  purpose  of  laying. 

After  the  loss  of  this  cable  great  difficulty  was  experienced  in  obtaining  the  re- 
quisite funds  to  carry  on  the  construction  and  laying  of  another ;  and,  though  those 
who  were  most  competent  to  judge  were  the  most  sanguine  about  the  ultimate  suc- 
cess of  the  undertaking,  it  was  not  until  1865  that  a  new  cable  was  made  and  sent 
to  sea.  In  the  mean  time  great  advance  had  been  made  in  the  knowledge  of  the  true 
principles  of  submarine  telegraphy,  and  the  mechanical  arrangements  for  submerging 
a  cable  had  been  very  much  improved.  The  "  Great  Eastern"  took  the  cable  on 
board,  and  commenced  the  laying  from  Yalentia  on  the  23d  of  July,  1865.  All 
went  well,  though  many  difficulties  were  encountered,  till  the  2d  of  August,  when, 
as  the  cable  was  being  hauled  back,  in  order  to  remove  a  faulty  portion  paid  out,  it 
chaffed  against  the  bows  of  the  "  Great  Eastern,"  parted,  and  went  overboard  in 
2000  fathoms  of  water,  the  length  of  cable  paid  out  being  1186  miles,  and  the  dis- 
tance from  Heart's  Content,  Newfoundland,  606.6  miles. 

After  several  attempts  to  recover  the  cable  by  drifting  over  the  spot  with  grap- 
nels trailing,  during  which  they  hooked  it  and  almost  dragged  it  on  board,  they  were 
forced  through  defective  picking-op  machinery  to  abandon  the  enterprise  tor  the 
time,  but  with  the  satisfaction  of  having  proved  the  probability  of  success.  Next 
year  another  cable  was  ready,  and  the  "  Great  Eastern  again  started  from  Valentia, 
and  laid  it  almost  without  a  hitch.  Then  came  again  the  grand  engineering  experi- 
ment of  picking  up  the  lost  one ;  and  on  the  2d  of  September,  1866,  Sir  Samuel 
Canning  telegraphed  to  Sir  Richard  Glass  that  he  had  much  pleasure  in  speaking 
to  him  through  the  1865  cable.  The  cable  was  completed  on  the  8th  of  Sep- 
tember. 

The  form  of  these  cables  is  much  the  same.  The  copper  conductor  consists  of 
seven  wires  (gauge  No.  18),  weighing  800  lbs.  per  nautical  mile.  These  are  made 
into  a  single  strand,  and  are  embedded  in  a  pitchy  mixture  called  Chatterton's  com- 
pound. Over  this  are  laid  four  layers  of  gutta  percha  alternately  with  three  of 
Chatterton's  compound,  the  diameter  of  the  core  thus  formed  being  0.464  inches. 
The  object  of  using  so  many  coatings  is,  that,  if  an  air  bubble  should  occur  in  any 
one  of  them,  the  great  pressure  to  which  the  cable  is  exposed  may  not  be  able  to 
force  water  completely  through  to  the  conducting  wire,  and  thus  to  effect  the  destruc- 
tion of  the  insulation.  The  external  protection  consists  of  10  solid  wires  (No.  13 
gauge),  surrounded  separately  by  Manilla  yarn,  which  has  been  saturated  with  a 
preservative  compound,  and  these  are  laid  spirally  round  the  core  previously  padded 
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with  hemp.  The  weight  in  air  is  35  cwt.  3  qrs.,  and  in  water  14  cwt.  per  knot ;  and 
the  breaking  strain  is  7  tons  15  cwt. — that  is,  the  cable  would  bear  11  nautical  miles 
of  itself  suspended  in  water.  The  deepest  water  was  2400  fathoms.  The  length  of 
the  1865  cable  is  1896  knots,  and  of  the  1866  cable  1858  knots ;  the  total  resistance 
of  the  1865  cable  is  7604  B.A.  units,  that  of  the  1866  cable  7209  B. A.  units ;  and 
the  resistance  of  the  gutta-percha  insulator  per  knot  is  2437  millions  of  B.A.  units 
titer  one  minute  electrification,  and  it  rises  to  7000  millions  of  B.A.  units  after  being 
electrified  for  30  minutes. 

The  battery  used  for  sending  is  that  which  we  have  described  under  the  name  of 
Menotti's  battery,  though,  we  believe,  it  has  been  invented  by  a  number  of  elect ri- 
ciaas,  and  is  called  by  many  names.  Twenty  cells  are  used,  though  not  more  than 
twelve  are  necessary.  The  receiving  instrument  is  Thomson's  Galvanometer.  (See 
fleeting  Galvanometer.)  The  alphabet  is  made  by  the  vibrations  of  the  spot  of 
it  to  the  one  side  or  to  tne  other.  Under  Electricity,  Velocity  of  we  have  spoken 
j  of  the  nature  of  the  charging  and  discharging  of  such  a  cable  as  the  Atlantic, 
it  will  be  readily  understood  from  what  we  have  said  there  that  reading  by  an 
instrument,  such  as  any  of  those  in  use  in  ordinary  telegraphy,  would  be  very  slow 
indeed.  We  should  have  to  wait  for  each  signal  until  the  cable  was  completely  or 
nearly  completely  charged ;  but  by  the  delicate  reflecting  galvanometer  the  very 
commencement  of  the  electric  flow  may  be  observed. 

In  order  to  obviate  as  far  as  possible  the  effects  of  induction,  an  arrangement  due 
to  Mr.  Yarley  is  made  use  of.  At  Yalentia  the  cable  is  connected  with  one  coating 
of  a  condenser  of  very  great  capacity,  the  galvanometer  being  placed  between  the 
condenser  and  the  cable.  When  signals  are  to  be  sent  from  Newfoundland,  the 
other  coating  of  the  condenser  is  kept  connected  with  the  earth.  At  each  depres- 
sion of  the  sending  key  a  flow  of  electricity  takes  place  into  the  condenser,  or  out 
of  H,  as  the  case  may  be,  and  the  flow  backwards  and  forwards  taking  place  through 
the  galvanometer  gives  rise  to  motion  of  the  spot  of  light,  thus  producing  signals. 
Again,  when  Valentia  telegraphs  to  America,  the  condenser  is  electrified  positively 
or  negatively  by  induction,  and  gives  rise  to  a  corresponding  flow  backwards  or  for- 
wards through  the  cable.  By  this  arrangement  the  prolongation  of  the  signal  (see 
Electricity,  Velocity  of)  is  avoided ;  and,  as  there  is  no  proper  voltaic  circuit,  the 
disturbance  due  to  earth  currents,  which  would  be  mucn  felt  by  such  a  sensitive 
receiving  instrument,  is  also  prevented. 

The  signals  are,  as  we  have  said,  produced  by  the  movements  from  one  side  to  the 
other  of  the  spot  of  light  reflected  from  the  moving  mirror  of  the  galvanometer. 
The  rate  of  transmission  is  very  great  indeed.  It  is  said  that,  when  the  clerks  speak 
with  each  other,  as  high  a  speed  as  eighteen  words  per  minute  is  obtained.  About 
half  this  rate  is  adopted  in  transmitting  public  messages. 

The  reader  who  desires  further  information  will  find  it  in  The  Atlantic  Telegraph 
before  referred  to,  in  two  articles  in  Good  Words,  1867,  the  North  British  Review, 
1866,  and  in  the  Athenceum,  August  to  November,  1856 ;  also  in  the  papers  of  Sir 
William  Thomson  and  others  communicated  to  the  British  Association  for  the  Ad- 
Tancement  of  Science  and  to  the  Royal  Society. 

Atmometer.  (afpo*,  vapor,  and  tjitpov,  measure.)  An  instrument  for  measuring 
the  evaporation  from  a  moist  surface.  There  are  several  contrivances  for  this  pur- 
pose. One  of  the  simplest  consists  of  a  long  graduated  tube  of  glass,  with  a  hollow 
ball  of  porous  earthenware  attached  to  its  foot.  The  tube  is  filled  with  water,  which 
soaks  tne  substance  of  the  hollow  ball.  The  water  sinks  in  the  tube  as  the  process 
of  evaporation  goes  on  at  the  surface  of  this  ball ;  the  rate  at  which  the  water  sinks 
indicating  the  rate  of  evaporation. 

Atmosphere.  (<**/«*,  vapor,  and  ttyeupa,  a  sphere.)  The  envelope  of  gases  and 
vapors  which  surrounds  the  earth.  It  consists  of  two  distinct  portions,  the  perma- 
nent atmosphere,  whose  amount  does  not  depend  on  ordinary  variations  of  tempe- 
rature, and  the  vaporous  portion,  whose  amount  is  far  less  considerable  than  that 
of  the  permanent  atmosphere,  and  is  variable  with  changes  of  temperature,  etc. 

Pressure  of  the  Atmosphere. — The  fact  that  the  atmosphere  has  weight,  and  so 
exerts  pressure,  was  suspected  by  Aristotle,  and  asserted  by  Epicurus.  But  the 
former  failed  to  convince  himself  by  experiment  that  air  has  weight,  and  accordingly 
until  the  middle  of  the  seventeenth  century,  it  was  commonly  accepted  that  the  air 
is  weightless.  The  experiments  of  Torricelli  and  Otto  de  Guerickc  proved,  however, 
that  the  air  not  only  has  weight,  but  at  the  earth's  surface  exerts  enormous  pressure. 
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Torricelli's  main  experiment  was  that  which  forms  the  fundamental  principle  of  the 
Barometer  (q,v.)  It  shows  that  the  pressure  of  the  air  at  the  earth's  surface  is 
capable  of  supporting  a  column  of  mercury  about  30  inches  in  height,  in  other 
words,  that  the  weight  of  the  whole  atmosphere  is  equal  to  that  of  an  ocean  of  mer- 
cury covering  the  whole  earth,  and  about  30  inches  deep.  It  follows  from  this  that 
on  every  square  inch  of  surface,  near  the  sea-level,  in  whatever  position  such  surface 
may  be  inclined,  there  is  exerted  a  pressure  of  about  14.6  lbs.  The  pressure  on  a 
square  foot  is  very  nearly  a  ton ;  and  it  has  been  calculated  that  the  actual  pressure 
exerted  by  the  air  on  the  surface  of  a  human  body  of  average  stature  is  equivalent 
to  a  weight  of  somewhat  more  than  14  tons.  It  is  only  because  this  pressure  is 
balanced  by  the  pressure  of  elastic  fluids  within  the  body  that  it  produces  no  sensible 
inconvenience. 

For  the  atmospheric  pressure  on  different  parts  of  the  earth's  surface  see  Isobar* 
ometric  Lines. 

At  any  given  place  the  pressure  of  the  atmosphere  varies  sensibly  from  day  to 
day,  and  even  from  hour  to  nour.  Under  the  heads  Barometer,  Weather,  etc.,  some 
of  these  changes  will  be  considered.  There  are  systematic  changes  whose  full  con- 
sideration would  require  more  space  than  is  here  at  our  disposal.  It  may  be  men- 
tioned, however,  that  as  regards  the  annual  variations  of  barometric  pressure,  in 
temperate  latitudes,  a  double  period  may  be  recognized.  The  two  maxima  occur  in 
winter  and  summer,  the  winter  maximum  exceeding  the  summer  one.  The  minima 
occur  near  the  equinoxes,  and  are  appreciably  equal.  The  diurnal  variation  also 
exhibits  a  double  period.  There  is  a  morning  minimum  at  about  a  quarter  before 
four,  followed  by  a  maximum  in  somewhat  less  than  six  hours  (more  exactly,  at  9h. 
37m.  AM.),  then  the  pressure  decreases  till  about  4h.  5m.  P.M.,  after  which  it 
rises  till  about  lOh.  11m.  P.M.,  which  is  the  hour  of  the  evening  maximum.  These 
hours  vary  somewhat,  however,  for  different  stations.  In  tropical  countries  the 
diurnal  oscillations  of  the  atmospheric  pressure  are  much  more  marked,  and  exhibit 
much  more  regularity  than  in  our  latitudes. 

Height  of  the  Atmosphere. — Very  little  is  known  with  certainty  respecting  the 
actual  limits  of  the  atmosphere.  From  the  duration  of  twilight  it  has  been  calcu- 
lated that  the  atmosphere  has  a  height  of  about  45  miles ;  but  there  can  be  little 
doubt  that  this  estimate  falls  very  far  short  of  the  truth.  Other  calculations  founded 
on  the  duration  of  twilight  at  elevated  stations  give  very  different  results.  Thus 
Bravais,  from  a  discussion  of  Lambert's  observations,  deduced  a  height  of  nearly 
100  miles.  His  own  observations  made  from  the  summit  of  the  Faulhorn  gave  a 
height  of  about  66  miles.  Dr.  Balfour  Stewart  considers  that  the  best  means  of 
judging  would  be  by  observations  made  on  the  aurora.  From  such  observations 
made  in  1819,  Dalton  estimated  the  extreme  height  of  the  auroral  light  at  102  miles. 
Sir  John  Herschel  estimated  the  height  of  an  auroral  arch  seen  on  March  9, 1861,  at 
83  miles.  From  observations  made  on  meteors,  it  has  been  concluded  that  the  at- 
mosphere is  at  least  100  miles  high ;  and  some  observations  of  this  sort  have  even 
been  made  which  suggest  the  belief  that  the  air  may  reach  to  a  height  of  more  than 
200  miles.  M.  Liais  was  led  by  observations  made  in  1859,  on  the  polarization  of 
the  sky,  to  the  conclusion  that  the  atmosphere  extends  to  a  height  of  no  less  than 
212  miles. 

Density  of  the  Atmosphere, — The  law  according  to  which  the  atmosphere  dimin- 
ishes in  density  with  distance  from  the  earth's  surface  depends  on  principles  which, 
theoretically  considered,  are  sufficiently  simple ;  but  as  actually  observed,  the  varia- 
tions of  density,  though  according  generally  with  the  deductions  from  theory,  are 
yet  marked  by  peculiarities  of  a  somewhat  complex  nature,  resulting  from  the 
duplex  character  of  the  atmospheric  constitution.  As  affording  an  approximately 
correct  view  of  the  subject,  the  following  easily  remembered  law  may  be  given:  "At 
a  height  of  seven  miles  the  density  of  the  atmosphere  is  reduced  to  onsfourth  the 
density  at  the  sea-level,  and  for  every  increase  of  height  by  seven  mites,  the  rarity 
of  the  air  is  similarly  quadrupled."  So  that  since  pressure  is  proportional  to 
density,  at  a  height  of  seven  miles,  the  air  would  support  a  column  of  mercury  about 
7£  incnes  only  in  height;  at  a  height  of  14  miles  the  supported  column  of  mercury 
would  be  less  than  2  incnes  high ;  at  a  height  of  21  miles  it  would  be  less  than  half 
an  inch  high,  and  so  on.  It  is  obvious  from  these  considerations  that  there  must  be 
a  definite  limit  to  the  extension  of  the  atmosphere!  since  the  elasticity  of  the  air 
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must,  at  a  certain  height,  be  so  reduced  as  to  be  just  balanced  by  the  attraction  of 
gravity  on  the  atmospheric  molecules. 

Atmosphere,  Composition  of  the.  The  term  Atmosphere  is  applied  to  an  en- 
velope of  gaseous  matter  surrounding  any  substance.  Thus  we  speak  of  distilling 
liquids  in  an  atmosphere  of  carbonic  acid,  and  of  reducing  oxides  by  heating  in  an 
atmosphere  of  hydrogen.  The  term  is,  however,  generally  used  in  reference  to  the 
earth's  atmosphere.  The  true  composition  of  the  atmosphere  was  not  known  till  the 
year  1774,  when  Lavoisier  pointed  out  that  it  consisted  of  two  gases,  one  of  which 
was  a  supporter  of  life  and  combustion,  and  the  other  the  reverse.  The  former  he 
found  to  be  identical  with  Priestley's  "  vital  air,"  now  known  as  oxygen,  and  the 
latter  he  called  azote  or  nitrogen,  and  showed  that  the  atmosphere  contained  about 
one-fifth  of  its  volume  of  oxygen  and  four-fifths  of  nitrogen.  The  other  normal  con- 
stituents of  the  atmosphere  are  aqueous  vapor,  ozone,  carbonic  acid,  and  ammonia, 
besides  accidental  constituents,  such  as  nitric  acid,  sulphurous  acid,  carbonic  oxide, 
hydrocarbons,  products  of  organic  decomposition,  and  the  minute  solid  particles  con- 
stituting dust,  and  rendered  visible  when  a  beam  of  electric  light  or  ray  of  sunshine 
traverses  a  dark  room.  The  accurate  analysis  of  air  has  occupied  the  attention  of 
chemists  for  many  years,  and  the  result  of  their  labors  has  been  to  show  that  the 
percentage  by  bulk  of  oxygen  in  the  atmosphere,  whether  taken  from  the  top  of  a 
mountain,  from  a  balloon,  over  the  sea,  in  a  London  court,  or  in  the  country,  varies 
very  slightly  between  20.65  and  20.99  of  oxygen.  The  carbonic  acid  varies  much 
more  considerably,  the  average  being  about  four  volumes  in  10,000,  rising  perhaps 
to  ten  times  that  amount  in  crowded  rooms,  theatres,  etc.,  and  sinking  sometimes  to 
about  three  volumes.  The  aqueous  vapor  depends  so  largely  on  temperature  and 
rainfall  that  its  variations  can  be  reduced  to  no  rule,  the  limits  being  none  at  all, 
and  absolute  saturation  and  the  variations  at  the  same  place  frequently  approach- 
ing one  or  the  other  within  a  few  days.  The  ammonia  exists  in  very  small  quantity, 
and  the  analyses  by  different  observers  vary  greatly,  the  maximum  being  135  parts 
and  the  minimum  one  part  in  a  million.  Although  in  such  minute  quantity,  it  ap- 
pears to  play  an  important  part  in  vegetation,  and  hence  in  animal  nutrition,  for 
most,  if  not  all,  the  nitrogen  of  the  plant  is  derived  from  atmospheric  ammonia. 
Ozone  is  generally  present  in  the  atmosphere,  except  in  crowded  cities  and  under 
abnormal  conditions ;  but,  no  trustworthy  method  of  estimating  its  amount  being 
known,  no  analytical  results  can  be  given.  The  normal  composition  of  the  atmos- 
phere is  altered  by  respiration,  putrefaction,  and  combustion,  which  remove  oxygen 
from  it  and  add  carbonic  acid,  and  it  is  altered  in  the  opposite  direction  by  vegeta- 
tion, by  which  carbonic  acid  is  absorbed  and  oxygen  is  evolved;  a  balance  in  this 
manner  is  in  some  degree  kept  up,  and  the  atmosphere  is  rendered  fitted  for  the  re- 
quirements of  living  beings.  Further  information  on  the  composition  of  the  atmos- 
phere may  be  obtained  by  reference  to  Dr.  Angus  Smith's  papers  read  before  the 
Chemical  Society  and  the  Literary  and  Philosophical  Society  of  Manchester,  and 
published  in  their  Transactions.    (See  especially  Journal  Chem.  Soc.  xi.  196.) 

Atmosphere,  Electrical.  It  was  supposed  by  some  that  round  an  electrified 
body  there  exists  a  certain  space  within  which  it  can  act  to  decompose,  as  they  ex- 
pressed it,  the  neutral  electricity  of  unelectrified  bodies.  The  sphere  of  this  action 
is  termed  the  electrical  atmosphere  of  the  body.  As  far  as  we  know,  however,  there 
is  no  limit  by  distance  to  the  action  of  induction ;  and  hence  the  term  electrical 
atmosphere  is  worse  than  useless. 

Atmosphere,  Opalescence  Of  the.    See  Opalescence  of  the  Atmosphere. 

Atmosphere,  RefractiYO  Power  Of.     See  Refractive  Power  of  the  Atmosphere. 

Atmospheres  of  the  Planets.  We  have  evidence,  derived  not  only  from  tele- 
scopic observation  but  from  the  surer  teachings  of  the  spectroscope,  that  the  planets 
have  atmospheric  envelopes,  though  as  yet  we  have  no  means  of  assuring  ourselves 
of  the  actual  constitution  of  the  atmosphere  of  any  planet.  Accepting  the  nebular 
hypothesis,  whether  as  originally  presented  by  Laplace  or  in  a  modified  form,  we 
should  have  further  evidence  deduced  from  the  consideration  of  the  results  which 
might  be  expected  to  follow  from  the  processes  according  to  which  the  various 
planets  are  supposed  to  have  been  formed,  according  to  that  theory.  Many  inter- 
esting questions  are  suggested  by  the  various  relations  which  we  may  suppose  the 
planetary  atmospheres  to  bear  to  the  orbs  they  surround.  It  has  been  conceived 
that  by  such  varieties  the  different  distances  of  the  planets  from  the  sun,  and  the 
consequent  differences  in  the  amount  of  heat  they  receive  from  him,  may  be  more  or 
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less  completely  compensated.  Mr.  Hopkins  of  Cambridge  has  shown  that  the  planet 
Mars,  with  an  atmosphere  about  15,000* feet  higher  than  the  earth's,  would  nave  a 
climate  similar  to  hers ;  and  that  the  planet  Venus,  if  her  atmosphere  corresponded 
to  that  portion  of  the  earth's  atmosphere  which  lies  above  the  height  of  25,000  feet 
measured  from  the  sea-level,  would  have  a  maximum  temperature  not  exceeding 
that  at  the  earth's  equator.  We  owe  to  Dr.  Tvndall  the  explanation  of  the  circum- 
stance on  which  such  considerations  are  founded.  He  has  shown  that  it  is  not  the 
air  itself  which  prevents  the  earth's  heat  from  being  radiated  into  space,  but  the 
aqueous  vapor  present  in  the  air.  Other  vapors  have  an  even  greater  power  of 
preventing  the  radiation  of  heat  from  a  low  temperature  source,  like  the  heated  sur- 
face of  the  earth ;  and  Dr.  Tyndall  remarks  that  an  atmosphere  might  be  formed 
which  would  act  the  part  of  a  barb  to  the  solar  rays,  "  permitting  their  entrance 
towards  a  planet,  but  preventing  their  withdrawal ;"  and  that  thus  a  comfortable 
temperature  might  be  obtained  on  the  surface  of  the  most  distant  planets.  It  seems 
open  to  question,  however,  whether  the  actual  circumstances  of  our  own  atmospheric 
surrounding  can  be  approximated  to  on  any  other  planet,  still  less  on  those  planets 
which  are  very  near  to,  or  very  far  from  the  sun,  by  such  arrangement,  since  the 
great  excess  or  defect  of  direct  solar  heat  must  always  remain  uncompensated. 

Atmospheric  Electricity.  Some  of  the  most  striking  natural  phenomena,  such 
as  lightning,  thunder,  and  also  some  more  quiet,  but  not  less  remarkable  luminous 
appearances,  are  due  to  the  existence  and  the  discharge  of  electric  accumulations  in 
the  atmosphere.  Franklin  was  the  first  observer  in  this  field.  The  resemblance  of 
lightning  to  the  electric  spark  had  been  spoken  of  before ;  but,  till  the  time  of  his 
request  to  the  European  investigators  to  make  the  trial,  nothing  was  done  to  prove 
the  identity  of  the  two.  At  Franklin's  suggestion,  M.  D'Abilard  in  France  erected 
a  pointed  rod  in  1752,  and  by  means  of  it  obtained  electricity  from  a  thunder  cloud. 
But  before  any  account  of  his  experiments  had  reached  Franklin,  he  himself,  tired 
of  waiting  for  the  erection  of  a  spire  in  Philadelphia  for  the  experiment,  bethought 
him  of  flying  a  kite  during  a  thunder-storm,  and  thereby  communicating  with  the 
upper  regions  and  with  the  clouds.  The  kite  was  flown  by  a  common  hempen 
string,  to  the  end  of  which  was  attached  a  key,  and  the  key,  by  means  of  a  silk 
cord,  to  a  tree.  He  presented  his  hand  to  the  key,  but  at  first  obtained  no  result. 
He  was  about  to  give  it  up  in  despair,  when,  some  rain  having  fallen  and  wetted 
the  string,  it  became  a  conductor,  and  he  perceived  a  slight  spark.  Afterwards 
more  rain  fell,  and  he  obtained  a  copious  flow  of  sparks.  He  describes  his  joy  at 
the  discovery  as  being  such  that  he  could  not  refrain  from  tears. 

Soon  there  was  a  host  of  investigators  in  the  field,  as  Nolle t  and  Beccaria,  Rich- 
man,  who  was  killed  by  lightning  while  experimenting,  Yolta,  and  others ;  and  since 
that  time  we  have  had  many  observers.  But  though  much  has  been  done,  and  many 
facts  have  been  collected,  the  subject  cannot  yet  be  said  to  be  well  understood;  and 
careful  observations  in  all  places  and  positions  are  much  required.  Hitherto  the 
want  of  an  accurate  and  manageable  electrometer  has  been  a  hindrance,  but  within 
the  last  few  jears  the  invention  and  perfecting  of  the  electrometer  of  Sir  William 
Thomson  has  done  away  with  the  difficulty ;  and  even  already  results  have  been 
obtained  and  are  accumulating.  We  deal  in  this  article  not  with  the  effects  of  elec- 
tric force,  such  as  lightning  and  thunder,  which  are  discussed  under  their  proper 
heads,  but  rather  with  its  existence  in  the  atmosphere  and  the  laws  of  its  distribu- 
tion as  far  as  we  know  them. 

The  principles  on  which  our  deductions  on  the  subject  are  founded  are  laid 
down  in  a  remarkable  paper  by  Sir  W.  Thomson,  published  in  Nichol's  Encyclopae- 
dia, and  in  a  lecture  delivered  at  the  Royal  Institution,  May  18,  1860,  both  repub- 
lished with  his  other  electrical  papers.  We  shall  begin  by  briefly  re-stating  these 
principles ;  for  the  fullest  information,  the  papers  themselves  must  be  consulted. 

In  order  to  know  thoroughly  the  distribution  of  electricity  throughout  an  insu- 
lating body,  it  is  necessary  to  know,  for  every  point  in  it,  the  resultant  force  in  mag- 
nitude and  direction.  Of  this  kind  of  information,  we  have  none  whatever  at  the 
present  time ;  and  to  gain  it,  observations  with  the  aid  of  the  balloon  would  be 
necessary.  We  know,  however,  something  of  the  distribution  of  electricity  over 
the  earth's  surface,  and  from  this  knowledge  we  are  able  to  make  certain  important 
deductions  with  regard  to  the  electrification  of  the  upper  strata  of  the  atmosphere. 

The  whole  of  the  earth's  surface  is  at  all  times  electrified,  with  the  exception  of 
neutral  lines  which  divide  positively  electrified  portions  from  portions  wnich  are 
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negative.  On  the  whole,  the  extent  of  the  negatively  electrified  part  is  much 
neater  than  that  of  the  positive  part ;  in  fact,  it  is  only  in  bad  weather,  or  under 
the  influence  of  some  disturbing  cause,  that  positive  electrification  of  the  surface 
exists  at  all.  If  the  earth  were  simply  an  electrified  body,  undisturbed  by  the  in- 
fluence of  any  electrified  matter  external  to  it,  or  of  any  conductor  in  its  neighbor- 
hood, the  electricity  would  be  distributed  over  the  surface  according  to  a  definite 
law,  depending  only  on  the  form  of  the  surface.  If  we  knew  this  distribution,  any 
discoverable  variation  from  it  must  be  due  to  an  external  cause ;  and,  though  we  do 
not  know  it,  yet,  from  observing  the  changes  which  occur  in  it  from  time  to  time,  we 
equally  infer  an  external  cause,  and  to  some  extent  we  are  able  to  deduce  the  nature 
of  that  cause. 

In  the  first  place,  we  find  that  these  changes  are  connected  in  many  cases  with 
powerful  atmospheric  disturbances,  as  in  the  case  of  the  presence  of  thunder-clouds. 
We  also  find  that  even  the  smaller  changes  depend  upon  the  state  of  the  weather. 
Thus,  as  was  mentioned  above,  in  broken  weather  we  observe  positive  electrification 
of  the  earth's  surface,  which  never  occurs  in  fair  and  serene  weather.  To  some  ex- 
tent; also,  it  has  been  shown  that  certain  winds  are  connected  with  certain  changes 
in  the  electric  distribution.  Thus  Sir  W.  Thomson  was  able  almost  to  predict  the 
occurrence  of  east  wind  by  finding  a  particularly  high  electrical  indication.  The 
changes,  too,  are  frequently  so  very  rapid  that  they  can  hardly  be  conceived  to  be 
due  to  anything  but  the  influence  of  electrified  bodies  of  air  moving  at  a  not  very 
great  distance  from  the  earth's  surface. 

In  order  to  show  the  existence  of  electric  force  in  the  atmosphere,  it  is  only  neces- 
sary to  attach  to  the  upper  plate  of  an  electroscope  a  metallic  rod  carrying  at  the 
top  a  piece  of  touch  paper.  On  lighting  the  touch  paper  the  gold  leaves  will  very 
soon  show  signs  of  electric  excitement.  The  quality  of  the  electricity  may  be  de- 
termined in  the  usual  way  by  approaching  an  excited  rod  of  glass  or  sealing  wax. 
The  effect  of  the  burning  touch  paper  is  to  throw  off  continually  particles  of  matter 
charged  oppositely  to  the  air  at  the  point  of  the  conductor.  Soon,  therefore,  the 
conductor  is  reduced  to  the  same  state  as  the  air,  and  therefore  the  gold  leaves  also 
which  are  connected  with  it.  As  has  been  mentioned,  in  fine  weather  the  earth's 
surface  is  always  negatively  electrified.  The  air,  therefore,  and  the  electroscope 
will  be  found  in  this  case  to  be  positively  charged.  For  full  particulars  as  to  the 
modes  of  collecting,  measuring,  and  recording  observations  on  atmospheric  electric- 
ity, the  reader  must  consult  the  articles  upon  Observatories,  Meteorological,  and 
upon  Electrometers. 

During  serene  and  cloudless  weather  the  electricity  of  the  atmosphere  is  always 
positive,  and  of  an  amount  depending  to  a  certain  extent  upon  the  position  of  the 
place  at  which  the  observation  is  taken,  and  varying  from  time  to  time  at  the  same 
place.  At  high  and  isolated  places  the  amount  is  greatest ;  in  inclosed  places,  such 
as  between  walls,  in  streets,  and  so  on,  but  little  is  to  be  found.  It  increases  as  we 
rise  through  the  atmosphere.  During  dry  weather  it  is  generally  greatest,  and  it 
appears  especially  during  the  occurrence  of  east  winds,  at  least  in  some  places.  At 
sunrise  the  amount  is  small ;  it  appears  to  increase  up  till  between  the  hours  of 
eleven  and  eight,  the  time  of  the  maximum  depending  upon  the  season.  From  this 
time  it  decreases,  till  it  attains  a  minimum  a  little  before  sunset ;  and  a  few  hours 
after  sunset  it  takes  a  second  maximum,  from  which  time  it  decreases  till  sunrise 
again.  It  seems  also  that  the  winter  average  is  higher  than  that  of  the  summer 
months.  In  stormy  and  wet  weather  the  electricity  observed  is  frequently  nega- 
tive ;  it  is  very  variable,  however,  and  as  yet  no  law  has  been  given  on  the  subject. 
Generally,  too,  tho  clouds  are  electrified,  sometimes  positively  and  sometimes  nega- 
tively. It  will  be  seen,  from  the  meagre  account  we  have  been  able  to  give  with 
respect  to  actually  observed  facts,  that  we  are  yet  in  want  of  much  observation, 
both  regular  and  taken  simultaneously  at  different  stations.  Within  the  last  few 
years  several  self-registering  electrometers  have  been  set  up  both  in  England  and 
abroad,  and  even  already  some  results  have  been  published. 

Several  theories  of  the  causes  of  atmospheric  electricity  have  been  put  forward, 
but  as  yet  none  very  satisfactory.  The  cause  cannot  be  said  to  be  known.  It  has 
been  ascribed  to  evaporation,  which  it  has  been  shown  produces  electric  excitement 
under  certain  circumstances ;  and  the  earth  has  by  some  been  compared  to  a  voltaic 
pile  in  which  the  electricity  is  excited  by  chemical  action,  and  sometimes  to  a 
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thermoelectric  arrangement.    The  friction  of  the  air  has  also  been  supposed  to  be 
the  exciting  cause.    Experiments  in  proof  of  any  of  these  theories  are  wanting. 
Atmospheric  Engine.    See  Steam-engine. 

Atmospheric  Lines  of  the  Spectrum.    Sir  David  BrewBter  has  shown  that 

some  of  the  black  lines  observed  in  the  solar  spectrum  are  dne  to  absorption  of  cer- 
tain rays  by  the  atmosphere.  The  French  physicist  Janssen  has  proved  that,  when 
light  is  passed  through  a  considerable  thickness  of  steam  at  high  pressure,  it  pro- 
duces strongly-marked  absorption  bands,  which  coincide  with  Brewster's  groups  of 
lines,  and  which  become  more  intense  when  the  sun  is  on  the  horizon,  and  the  at- 
mosphere charged  with  aqueous  vapor.  M.  Janssen  has  named  these  lines  the  tellu- 
ric lines  of  the  solar  spectrum.    (See  Absorption  of  light ;  Spectrum.) 

Atmospheric  Pressure.    See  Atmosphere. 

Atom.  (Afopo;,  from  a,  not,  and  ttfivtw,  to  be  cut.)  The  finite  or  the  infinite 
divisibility  of  matter,  and  the  consequent  existence  or  non-existence  of  atoms  which 
do  not  admit  of  further  division,  have  furnished  food  for  speculation  among  many  of 
the  leading  minds  in  various  ages  and  countries.  But  the  ingenious  ideas  of  Greek 
and  Indian  philosophers,  of  Latin  poets  and  Epicureans,  have  had  little  or  no  influ- 
ence on  modern  science.  Bacon  refers  to  them  as  "  such  glimpses  of  truth  as  can  be 
obtained  by  the  intellect  left  to  its  own  natural  impulses,  and  not  ascending  by  suc- 
cessive and  connected  steps,11  as  taught  by  the  inductive  philosophy.  The  ancient 
notion  was,  that  the  ultimate  elements  of  matter  consist  of  minute,  simple,  indivisi- 
ble, indestructible  particles,  which  idea,  being  adopted  and  extended  by  Newton, 
has  had  great  influence  on  the  progress  of  science  not  only  among  chemists,  but 
also  among  physicists,  in  founding  important  theories  of  chemical,  thermal,  and 
electrical  phenomena,  and  also  as  respects  crystallographical  form.  Newton's  ex- 
pressions are  very  remarkable.  He  says,  "All  these  things  being  considered,  it 
seems  probable  to  me  that  God,  in  the  begwning,  formed  matter  in  solid,  massy, 
hard,  impenetrable,  movable  particles  of  such  sizes  and  figures,  and  with  such  other 
properties,  and  in  such  proportions  to  space,  as  most  conduced  to  the  end  for  which 
lie  formed  them ;  and  tnat  the  primitive  particles,  being  solids,  are  incomparably 
harder  than  any  porous  bodies  compounded  of  them,  even  so  very  hard  as  never  to 
wear  or  break  in  pieces ;  no  ordinary  power  being  able  to  divide  what  God  had 
made  one  in  the  first  creation.  While  tne  particles  continue  entire,  they  may  com- 
pose bodies  of  one  and  the  same  nature  and  texture  in  all  ages ;  but  should  they 
wear  away  or  break  in  pieces,  the  nature  of  things  depending  on  them  would  be 
changed.  Water  and  earth,  composed  of  old  worn  particles  and  fragments  of  par- 
ticles, would  not  be  of  the  same  nature  and  texture  now  with  water  and  earth  com- 
posed of  entire  particles  in  the  beginning.  And,  therefore,  that  nature  may  be 
fasting,  the  changes  of  corporeal  things  are  to  be  placed  only  in  the  various  separa- 
tions and  new  associations  and  motions  of  these  permanent  particles ;  compounded 
bodies  being  apt  to  break,  not  in  the  midst  of  solid  particles,  but  where  these  parti- 
cles are  laid  together,  and  only  touch  in  a  few  points." 

It  is  astonishing  how  largely  the  above  views  have  furnished  suggestions  to  vari- 
ous subsequent  theories.  The  authority  of  Newton  has  always  been  so  great,  that 
even  his  speculations  have  been  received  as  truths.  It  is  related  that,  on  one  occa- 
sion, Sir  Isaac  and  Dr.  Bentley  met  accidentally  in  London ;  and  on  Sir  Isaac's  in- 
quiring what  philosophical  pursuits  were  being  carried  on  at  Cambridge,  the  doctor 
replied,  "  None ;  for  when  you  go  a  hunting,  Sir  Isaac,  you  kill  all  the  game ;  yon 
have  left  us  nothing  to  pursue."  Much  of  our  science  since  Newton's  time  has 
been  cultivated  in  the  spirit  of  this  reply.  Results  must  on  no  account  contradict 
Newton's  philosophy*  If  true  to  nature,  so  much  the  better ;  they  must  be  true  to 
Newton.  This  worship  has  been  reproved  by  one  who  cannot  possibly  be  accused 
of  want  of  reverence  to  Newton.  The  late  Master  of  Trinity,  referring  to  Newton's 
hypothesis  of  ultimate  particles,  makes  the  following  remarks :  "  When  we  would 
assert  this  theory,  not  as  a  convenient  hypothesis  for  the  expression  or  calculation  of 
the  laws  of  nature,  but  as  a  philosophical  truth  respecting  the  constitution  of  the 
universe,  we  find  ourselves  checked  by  difficulties  of  reasoning  which  we  cannot 
overcome,  as  well  as  by  conflicting  phenomena  which  we  cannot  reconcile." 

The  historian  of  the  Inductive  Sciences,  just  quoted,  gives  the  arguments  for  and 
against  atoms,  and  we  must  refer  to  his  works  any  reader  desirous  of  going  further 
into  these  curious  speculations.  We  do  not  attempt  even  to  indicate  them  here, 
since  they  belong  rather  to  metaphysics  than  to  physics.    Such  reasoning  as  this 
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felt  to  be  untenable,  that  the  properties  of  bodies  depend  on  the  attractions 

and  repulsions  of  the  particles,  and  their  hardness  on  such  forces ;  for  if  the  hardness 
depend,  say  upon  the  repulsion  of  the  particles,  on  what  does  the  hardness  of  the 
particles  depend?  The  hardness  and  solidity  of  the  particles  were  given  up,  and 
the  theory  of  Boscovich  adopted,  according  to  which  matter  consists  not  of  solid 
particles,  but  of  mere  mathematical  centres ;  from  which  proceed  forces  according 
to  certain  mathematical  laws,  by  virtue  of  which  such  forces  become  at  certain 
■mall  distances  attractive,  at  certain  other  distances  repulsive,  and  at  greater  dis- 
tances attractive  again.  "  From  these  forces  of  the  points  arise  the  cohesion  of  the 
parts  of  the  same  body,  the  resistance  which  it  exerts  against  the  pressure  of  another 
oody,  and,  finally,  the  attraction  of  gravitation  which  it  exerts  upon  bodies  at  a 
distance." 

Bat  the  idea  that  the  properties  of  bodies  depend  on  forces  emanating  from  im- 
novable  points  of  their  mass,  did  not  escape  the  sagacity  of  Newton.  He  says: 
"Many  things  induce  me  to  believe  that  the  rest  of  the  phenomena  of  nature,  as  well 
as  those  of  astronomy,  may  depend  upon  certain  forces  by  which  the  particles  of 
bodies,  in  virtue  of  causes  not  yet  known,  are  urged  towards  each  other,  and  cohere 
in  regular  figures,  or  are  mutually  repelled  and  recede;  and  philosophers,  knowing 
nothing  of  these  forces,  have  hitherto  failed  in  their  examinations  of  nature." 

This  line  of  speculation  has  been  followed  up  with  assiduity  by  Laplace  and  others 
with  great  benefit  to  the  progress  of  science;  but,  as  W  he  well  remarks,  "The 
assumption  in  the  reasoning  of  certain  centres  of  force  acting  at  a  distance,  is  to  be 
considered  as  nothing  more  than  a  method  of  reducing  to  calculation  that  view  of 
the  constitution  of  bodies  which  supposes  that  they  exert  force  at  every  point.  It 
is  a  mathematical  artifice  of  the  same  kind  as  the  hypothetical  division  of  a  body 
into  infinitesimal  parts,  in  order  to  find  its  centre  of  gravity;  and  no  more  implies  a 
physical  reality  than  that  hypothesis  does/' 

There  is  a  lesson  based  on  the  idea  of  matter  consisting  of  solid,  hard,  indestructi- 
ble particles,  which  we  also  owe  to  Newton — namely,  the  doctrine  of  the  perma- 
nency of  nature,  and  the  assurance  that  her  laws  do  not  alter  with  the  course  of 
time;  for,  if  such  particles  could  break  or  wear,  "the  structure  of  material  bodies  now 
would  be  different  from  that  which  it  was  when  the  particles  were  new."  It  is  fur- 
ther to  be  remarked,  that  this  lesson  which  teaches  the  uniformity  of  the  laws  of 
nature  is  the  major  premiss  in  the  logic  of  induction. 

Attempts  have  been  made,  but  in  vain,  to  find  a  limit  to  the  divisibility  of 
matter.  Dr.  Thomson  has  shown  that  a  portion  of  lead  which  cannot  exceed  the 
888,492,000,000,000th  of  a  cubic  inch  is  still  visible ;  and  Mr.  Tomlinson  has  given 
a  calculation,  based  upon  the  quantity  of  soap  contained  in  a  soap  bubble,  known 
to  be  of  less  thickness  than  a  2,600,000th  of  an  inch.  "  Pure  water  will  not  hold 
together  in  this  way,  but  the  admixture  of  less  than  the  hundredth  of  its  bulk  of 
soap  will  confer  this  property  on  the  whole  of  the  water.  Now,  in  order  to  produce 
this  effect,  it  is  evident  tnere  must  be  a  portion  of  soap  (at  least  one  atom)  in  every 
cubic  2,600,000th  of  an  inch  of  the  solution.  Therefore,  a  single  atom  of  soap  in  the 
■olid  state  cannot  possibly  occupy  so  much  as  the  hundredth  of  a  cubic  2,600,000th 
of  an  inch—that  is,  not  so  much  as  a  1757  trillionth  (1,757,000,000,000,000,000,000th) 
of  a  cubic  inch." 

The  view  taken  of  the  term  atom  in  modern  chemistry  will  be  found  under  Atomic 
Theory;  Atomicity,  etc. 

Atomic  Heat.  Equal  weights  of  different  bodies  require  different  amounts  of 
heat  to  raise  them  tnrough  the  same  number  of  degrees  of  temperature.  See 
Specific  Heat.  Thus,  to  raise  a  pound  of  iron  from  32®  to  3?°  requires  0.11379  of 
a  unit  of  heat,  while  only  0.0324  of  a  unit  is  required  to  raise  the  temperature  of  a 
pound  of  platinum  by  the  same  amount.  But  Dulong  and  Petit,  in  1819,  made  the 
remarkable  observation  with  regard  to  elementary  substances,  that,  if  instead  of 
using  equal  weights  of  the  bodies,  quantities  in  proportion  to  their  atomic  weights 
are  employed,  and  the  amounts  of  neat  required  to  raise  these  quantities  through 
one  degree  of  temperature  are  determined,  they  will  be  found  to  be  either  identical 
or  to  bear  a  very  simple  numerical  relation  to  each  other.  Thus  56  and  197  are 
respectively  the  atomic  weights  of  iron  and  platinum,  the  amount  of  heat  required 
to  raise  56  pounds  of  iron  through  1°  Fah.  is  56  X  0.1138  or  6.3728,  while  that 
required  to  raise  197  pounds  of  platinum  through  1°  is  197  X  0.0324  or  6.3828. 
Begnault  calls  the  number  got  by  multiplying  together  those  which  express  the 
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atomic  weight  and  specific  heat  of  a  body  its  Atomic  Heat,  This  Dumber  repre- 
sents, of  course,  the  quantity  of  heat  required  to  raise  the  so-called  atom  through 
one  degree  of  temperature.  The  following  table  shows  the  specific  heat,  the  atomic 
weight,  and  the  atomic  heat  of  a  number  of  the  elements : — 


Elbmbitts. 

8PBCIFIC  HSAT. 

Atomic  Weight. 

Atomic  Hkat. 

Sulphur  .... 

0.1776 

# 
32 

6.6832 

Selenium. 

0.08K7 

79.5 

6.6541 

Tellurium 

0.0474 

129 

6.1146 

Magnesium 

0.2499 

24 

6.9976 

Zino . 

0.0955 

66 

6.2075 

Cadmium 

0.0567 

112 

6.3504 

Aluminium 

0.2143 

27.5 

6.8932 

Iron 

0.1138 

56 

6.3728 

Nickel      . 

0.1091 

58.5 

6.3823 

Cobalt      . 

0.1070 

68.5 

6.2595 

Manganese 

0.114 

55 

6.2700 

Tin    . 

0.0562 

118 

6.6316 

Tungsten. 

0.0334 

184 

6.1456 

Copper     . 

0.0951 

63.5 

6.0389 

Lead 

0.0314 

207 

6.4998 

Mercury  (solid 

) 

0.0319 

200 

6.3800 

Platinum 

0.0324 

197 

6.3828 

Palladium 

0.0593 

106.5 

6.3154 

Rhodium . 

0.05 SO 

104 

6.0320 

Osmium  . 

0.0306 

199 

6.0894 

Iridium    . 

0.0325 

197 

6.4205 

Iodine 

0.0541 

127 

6.8707 

Bromine  (solid 

) 

0.0843 

80 

6.7440 

Potassium 

0.1696 

39 

6.6144 

Sodium    . 

0.2934 

23 

6.7482 

Lithium  . 

0.9408 

7 

6.6866 

Arsenic    . 

0.0814 

75 

6.1050 

Antimony 

0.0508 

120.3 

6.1976 

Bismuth  . 

0.0308 

210 

6.4680 

Thallium 

0.0336 

203 

6.8208 

Silver 

0.0570 

108 

6.1560 

Gold 

0.0324 

196 

6.3504 

From  this  table  it  appears  that  the  law  of  Dulong  and  Petit  holds  approximately. 
The  divergence  from  it  is  accounted  for  by  the  fact  that  during  the  determination 
of  the  specific  heat  all  the  elements  were  not  in  the  same  physical  state  as  to  aggre- 
gation, distance  from  the  melting  point,  and  so  forth ;  as  it  is  well  known  that  a 
difference  in  state  makes  a  very  great  difference  in  the  specific  heat  of  the  body. 

This  law  with  regard  to  the  atomic  heat  of  bodies  is  of  great  importance,  as  it 
gives  us  the  means  of  aiding  our  judgment  in  determining  their  atomic  weights 
from  the  results  of  analysis.  Thus  it  has  frequently  happened  that  uncertainty 
exists  as  to  whether  a  certain  number  or  its  double  is  the  atomic  weight  of  a  given 
body,  and  the  decision  between  the  two  is  made  by  multiplying  the  number  by  the 
specific  heat  of  the  body  and  comparing  the  result  with  the  numbers  which  express 
the  atomic  heats  of  other  similar  bodies. 

Neumann  and  Regnault  determined  the  atomic  heat  of  many  compound  bodies, 
and  came  to  the  conclusion  that  bodies  of  similar  chemical  composition  have 
similar  atomic  heats ;  the  atomic  heat  of  one  class  of  compounds  may,  however, 
differ  from  that  of  another  class.  For  instance,  Regnault  showed  by  eight  examples 
that  the  atomic  heats  of  the  bichlorides  (such  as  chloride  of  barium,  BaCL,  chloride 
of  zinc,  ZnCl2)  are  all  very  approximately  18.65 ;  and  by  four  examples,  that  in  the 
carbonates,  such  as  carbonate  of  calcium,  CaCC**,  carbonate  of  barium,  BaCO„  it 
varies  but  little  from  the  number  21.60. 

Atomicity.  An  atomf  in  modern  chemistry,  is  regarded  as  the  smallest  portion 
of  matter  that  can  exist  in  combination,  such  as  H  =  1 ;  while  a  molecule  is  the 
smallest  quantity  of  matter  that  can  subsist  by  itself,  and  this  is  supposed  to  con- 
tain two  atoms,  as  HH  =  2.*  In  this  way  the  free  molecules  of  the  elementary 
gases  are  analogous  in  structure  to  hydrochloric  acid,  in  which  a  single  atom  of 
hydrogen  is  united  to  a  single  atom  of  chlorine,  forming  two  volumes  of  hydro- 

*  In  the  enses  of  phosphorus  and  arseninm  the  ultimate  molecule  contains  four  atoms; 
and  in  those  of  cadmium  and  mercury  the  molecule  contains  a  single  atom  only. 
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chloric  acid  gas.  In  like  manner,  water,  in  the  form  of  vapor  (or  water  gas,  as 
Hofmann  terms  it),  consists  of  two  atoms  of  hydrogen  united  to  one  of  oxygen,  the 
three  volumes  being  condensed  into  two.  So  also  in  the  case  of  ammoniacal  gas, 
three  atoms  of  hydrogen  are  in  union  with  one  of  nitrogen,  the  four  volumes  being 
condensed  into  two ;  and  lastly,  in  marsh  gas  four  atoms  of  hydrogen  are  in  union 
with  one  of  carbon,  the  five  atoms  being  condensed  into  two. 

The  atomic  symbols  as  well  as  the  molecular  are  referred  to  the  standard  atom 
H  =  1.  But  there  is  a  distinction  between  the  molecule-forming  equivalent  of  the 
elements,  or  the  proportions  by  weight  in  which  they  can  replace  each  other,  and 
the  atom-fixing  equivalents,  or  the  proportions  in  which  the  elementary  atoms 
replace  each  other  in  fixing  a  standard  atom.  The  carbon  molecule,  for  example, 
=  12,  but  its  atom-fixing  weight  =  3 ;  since  in  the  marsh-gas  molecule,  12  parts  of 
C  fix  4  atoms  of  H,  so  that  each  atom  of  H  is  fixed  by  ^  =  3  parts  by  weight  of 
C.  So  also  in  ammonia  N  fixes  3  II  and  V  =  4.66  is  the  atom-fixing  minimum  of 
N.  Again,  in  water  H20  V  =  8,  the  atom-fixing  minimum  of  0 ;  but  Ci  in  HC1 
fixes  only  1  atom  of  H,  and  the  atomic  weight  of  CI  35.5  does  not  in  such  case  admit 
of  subdivision. 

In  this  way  we  mav  assign  to  each  element  two  numbers,  (1)  its  minimum  weight 
with  respect  to  the  formation  of  a  molecule;  (2)  its  minimum  weight  with  respect 
to  the  fixing  of  an  atom.  But  to  avoid  the  complexity  likely  to  arise  from  the  use 
of  this  double  system,  it  is  customary  in  elementary  books  to  attach  to  each  symbol 
a  number  in  Roman  letters,  or  simply  one  or  more  dashes  to  indicate  how  many 
standard  atoms  the  weight  referred  to  is  capable  of  satisfying.  Thus  we  write 
CI1,  0*,  N*  O,  or  Cl\  0",  N'",  C"".  This  atom-fixing  power  is  termed  atomicity, 
and  the  elements  are  arranged  in  groups  of  monads,  dyads,  etc.  Professor  Hof- 
mann uses  the  word  quant i valence  to  express  atomicity  and  univalent,  bivalent,  tru 
valent  and  quadrivalent  to  express  monatomic,  diatomic,  triatomic,  and  tetr  atomic. 

Atomic  Theory.  This  term  is  applied  to  three  grand  laws  which  form  the  foun- 
dation of  chemical  science,  and  are  Known  as  (1)  the  law  of  definite  proportions; 
(2)  the  law  of  multiple  proportions;  and  (3)  the  law  of  atomic  or  equivalent  pro- 
portions. If  not  discovered,  they  were  first  brought  into  the  light  of  intellectual 
day,  by  Dalton.  By  the  law  of  definite  proportions  the  nature  and  proportions  of| 
the  constituent  elements  in  every  chemical  compound  are  definite  and  invariable. 
For  example,  a  piece  of  chalk,  or  Iceland  spar,  or  any  other  of  the  numerous  varie- 
ties of  carbonate  of  lime,  however  much  they  may  differ  in  form  and  other  physical 
properties,  have  the  same  chemical  composition  wherever  met  with.  That  is,  every 
carbonate  of  lime  (or  calcic  carbonate,  as  it  is  now  called)  contains  in  100  parts  56 
of  lime  (or  oxide  or  calcium  CaO),  and  44  of  carbonic  acid  for  carbonic  anhydride, 
COt  according  to  more  recent  nomenclature).  The  lime  ana  the  carbonic  acid  are 
termed  the  proximate  elements  of  calcic  carbonate.  They  admit  of  further  separa- 
tion into  tneir  ultimate  elements,  namely,  the  lime  into  the  metal  calcium  and 
oxygen  gas,  and  the  carbonic  anhydride  into  carbon  and  oxygen  gas.  And,  of 
coarse,  the  lime  and  the  carbonic  anhydride  are  as  unalterable  in  their  composition 
as  the  calcic  carbonate,  or  any  other  true  chemical  compound.  The  lime  contains 
71.43  per  cent  of  calcium,  and  28.57  per  cent,  of  oxygen ;  while  the  carbonic  anhy- 
dride contains  27.28  per  cent,  of  carbon,  and  72.72  per  cent,  of  oxygen. 

According  to  the  law  of  multiple  proportions,  when  one  element  B  unites  with 
another  element  A  in  more  proportions  than  one,  the  quantity  of  B  increases  in  mul- 
tiples, or  in  some  other  similar  mode,  such  as — 

A  •+•     B;      A  +  2B;      A  +  3B;      A  -4-  4  B ;  and  so  on. 
Or,  2  A  +  3  B ;  2  A  +  5  B ;  2  A  -f  7  B ;  and  so  on. 
Or,     A  +     B  ;      A  -f  3  B ;      A  -f  5  B ;  and  so  on. 

For  example,  nitrogen  and  oxygen  combine  to  form  five  chemical  compounds,  in 
all  of  which  the  proportion  of  nitrogen  remains  constant,  but  that  of  oxygen  is  a 
constantly  increasing  multiple  of  its  atomic  weight.  In  the  following  table  the  first 
column  contains  the  names  of  the  compounds  in  question,  the  second  the  proportions 
of  oxygen,  and  the  third  those  of  nitrogen : — 


Nitrons  oxide,    .    .  16  :  28 

Nitric  oxide,      .    .  32  (16x2)  :  28 

Nitrons  anhydride, .  48(16x3)  :  28 
6 


Peroxide  of  nitrogen, .  64  (16x4)  :  28 
Nitric  anhydride,    .     .80  (16x5):  28 


Fig.  7. 


84  ATTRACTION. ATTWOOD'S  MACHINE. 

(See  Magnetism.)  Let  unit  force  be  exerted  between  unit  portions  of  magnetic 
matter,  placed  at  unit  distance,  then  the  force  between  any  masses  m,  m'  placed  at 
a  distance  d  from  each  other,  ia  found  by  multiplying  the  number  m,  m'  together, 
and  dividing  by  the  square  of  d.    If  /  be  the  force  then 

d* 

and  if  the  algebraic  signs  (+)  nod  { — }  be  prefixed  to  the  quantities  m,  m',  then 
there  will  be  repulsion  or  attraction  between  the  mosses  according  as  the  sign  of/ 
is  positive  or  negative.     fSee  also  Magnetism  ;  Magnet ;  Unit  Ale.) 
Attraction  and  Repulsion,  Electric.    Sec  Electrostatic*. 
Attraction  and  Repulsion,  El ectr adynamic.    See  Electrodynamics. 
Attraction,  Chemical.    Bee  Affinity. 

Attwood's  Machine.  A  machine  devised  by  Attwood  for  testing  experimentally 
the  laws  of  motion,  and  the  results  derived  from  the  theory  of  falling  bodies.  (See 
Fig.  7.)  It  consists  of  an  upright  beam,  usually 
about  six  or  seven  feet  high,  supporting  at  the 
upper  extremity  a  nicely  constructed  wheel  turn- 
ing on  a  horizonal  axis,  and  two  equal  weights 
connected  by  a  fine  silk  thread,  which  passes  over 
a  groove  in  the  wheel.  To  diminish  friction,  the 
axis  or  the  larger  wheel  turns  on  friction  wheels. 
The  pillar  is  furnished  (1)  with  a  graduated  scale, 
of  feet  and  inches,  on  which  can  be  perceived  the 
space  passed  through  by  the  weight  in  a  given 
time;  (2)  a  movable  ring  through  which  the 
weight  on  one  side  descends  when  in  motion ;  (3) 
a  stage  which  can  be  screwed  to  stop  the  weight 
at  any  time ;  (4)  a  small  clock  with  pendulum 
beating  seconds. 

At  first,  since  the  two  weights  are  equal,  they 
will  be  at  rest.  A  small  movable  bar  is  then 
placed  on  one  of  them  so  as  to  cause  it  to  descend. 
The  velocity  of  the  moving  weight  continues  to 
increase  until  it  reaches  the  ring ;  here  the  bar  is 
lifted  off,  and  the  weight  then  moves  onward  with 
a  nniform  velocity  equal  to  that  which  it  had  at 
the  instant  when  the  bar  was  retained  by  the 
ring.  By  making  several  trials,  and  listening  to 
the  ticking  of  the  clock,  while  watching  the  space 
passed  through,  the  stage  may  be  fixed  so  as  to 
stop  the  weight  exactly  one  second  after  it  hag 
passed  the  ring.  The  distance  between  the  stage 
and  ring  is  then  the  measure  of  the  velocity 
acquired  by  the  weight  and  bur  in  falling  througn 
the  height  above  the  ring.  If  the  time  of  descent 
to  the  ring  be  one  second,  then  the  distance  be- 
tween stage  and  ring  measures  the  acceleration. 
Thus  Attwood's  machine  furnishes  a  means  of  caus- 
ing the  motion  of  a  body  by  means  of  a  deter- 
mined pressure,  and  cutting  off  the  force-producing 
motion  at  any  point,  at  the  same  time  allowing  the  body  to  continue  its  motion  with 
the  velocity,  acquired.  Hence  all  the  laws  of  motion  with  uniform  acceleration 
may  be  verified  experimentally.  The  following  relation  is  found  to  exist  between 
the  acceleration  ana  the  weights :  By  doubling  the  weight  of  the  bar,  and  keeping 
the  larger  weights  the  same,  we  double  the  acceleration ;  and  always  we  increase 
the  acceleration  in  proportion  as  wc  increase  the  weight  of  the  bar.  If  we  keep 
the  bar  the  same,  out  double  the  weight  moved,  we  diminish  the  acceleration 
one-half;  and,  generally,  as  we  multiply  the  whole  weight  moved,  we  divide  the 
acceleration.  Thus,  the  acceleration  varies  directly  as  the  pressure,  and  inversely 
as  the  mass  moved.  (See  Laws  of  Motion.)  One  important  advantage  secured  by 
Attwood's  machine  is.  that  we  may  make  the  acceleration  as  small  as  we  please  by 
making  the  sum  of  the  weights  large,  and  their  difference  sufficiently  small,  and 
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thus  render  the  motion  Blow  enough  to  be  observed  without  difficulty.  (See  Falling 
Bodies.) 

Aura  Electrica.  (Electric  Breeze.)  A  name  sometimes  applied  to  the  cur- 
rents of  air  which  proceed  from  a  poiut  connected  with  a  charged  body,  such  as  a 
needle  attached  to  the  prime  conductor  of  an  electric  machine  which  is  being 
worked.  The  existence  of  these  currents  of  air  can  be  easijy  felt  on  bringing  the 
hand  or  the  face  near  to  the  point,  or  shown  by  placing  a  lighted  candle  in 
front  of  it.  The  flame  is  powerfully  repelled,  and  the  candle  may  even  be  blown 
gput.  Several  electric  toys  are  constructed  to  take  advantage  ot  these  currents. 
Thus,  in  the  electric  mill,  a  small  wheel,  furnished  with  paper  waves,  is  turned  by 
means  of  it ;  or  a  piece  of  wire,  with  its  points  bent  at  right  angles,  and  balanced 
on  a  point  upon  the  prime  conductor,  revolves  on  the  same  principle  as  does  Barker's 
hydrostatic  reaction  wheel. 

Amiga.  In  astronomy  (the  Charioteer),  one  of  Ptolemy's  northern  constella- 
tions.    It  contains  the  bright  star  Capella,  and  is  crossed  by  the  Milky  Way. 

Aurora  Borealis.  or  Northern  Light ;  or,  as  it  is  more  properly  called,  Polar 
Light,  there  being  also  an  Aurora  Austral  is.  A  well-known  luminous  phenomenon 
which  is  always  accompanied  by  powerful  disturbances  of  terestrial  magnetism  and 
electricity.  ^Ve  extract  the  following  excellent  description,  by  Humboldt,  from  De 
La  Rive's  Treatise  on  Electricity,  where  very  full  details  on  the  subject  may  be 
found. 

"An  Aurora  Borealis  is  always  preceded  by  the  formation  in  the  horizon  of  a 
sort  of  nebular  veil,  which  slowly  ascends  to  a  height  of  4°,  6°,  8°,  and  even  to  10°. 
It  is  towards  the  magnetic  meridian  of  the  place  that  the  sky,  at  first  pure,  com- 
mences to  get  brownish.  Through  this  obscure  segment,  the  color  of  which  passes 
from  brown  to  violet,  the  stars  are  seen  as  through  a  thick  fog.  A  wider  arc,  but 
one  of  brilliant  light,  at  first  white,  then  yellow,  bounds  the  dark  segment.  Some- 
times the  luminous  arc  appears  agitated  for  entire  hours  by  a  sort  of  effervescence 
and  by  a  continual  change  of  form  before  the  rising  of  the  rays  and  columns  of  light 
which  ascend  as  far  as  to  the  zenith.  The  more  intense  the  emission  is  of  the  polar 
light  the  more  vivid  are  its  colors,  which  from  violet  and  bluish-white  pass  through 
all  the  intermediate  shades  to  green  and  purple-red.  Sometimes  the  columns  of 
light  appear  to  come  out  of  the  brilliant  arc  mingled  with  blackish  rays  similar  to 
a  thick  smoke.  Sometimes  they  rise  simultaneously  in  different  points  of  the 
horizon ;  they  unite  themselves  into  a  sea  of  flames,  the  magnificence  of  which  no 
painting  could  express,  and  at  each  instant  rapid  undulation  cause  their  form  and 
brilliancy  to  vary.  Motion  appears  to  increase  the  visibility  of  the  phenomenon. 
Around  the  point  in  the  heaven  which  corresponds  to  the  direction  of  the  dipping 
needle  produced,  the  rays  appear  to  assemble  together  and  to  form  a  boreal  corona. 
It  is  rare  that  the  appearance  is  so  complete  and  is  prolonged  to  the  formation 
of  the  corona,  but  wnen  the  latter  appears  it  always  announces  the  end  of  the 

Shenomenon.  The  rays  then  become  more  rare,  shorter,  and  less  vividly  colored, 
hortly  nothing  further  is  seen  on  the  celestial  vault  than  wide  motionless  nebulous 
spots,  pale  or  of  an  ashy  color ;  they  have  already  disappeared  when  the  traces  of 
the  dark  segment  whence  the  appearance  originated  are  still  remaining  on  the 
horizon." 

A  French  Scientific  Commission  in  1838-9  examined  the  phenomenon  at  Bose- 
kop,  lat.  70°  N.,  and  their  results  are  published  by  MM.  Bravais  and  Lottin,  two  of 
the  members,  in  the  Arch,  des  Sc.  Phys.  We  regret  that  our  limits  will  not  permit 
ns  to  insert  their  description  of  this  wonderful  phenomenon  as  seen  in  northern 
regions.  It  appears  that  the  aurora  is  seldom  wanting  there;  in  fact,  that  it  may  be 
assnmed  to  exist  every  night,  but  with  varying  intensity.  Before  the  occurrence  of 
an  aurora,  and  after  its  disappearance,  the  magnetic  needles  are  observed  to  be 
strongly  and  steadily  affected.  While  it  is  going  on  sudden  and  powerful  perturba- 
tions take  place.  This  may  be  beautifully  seen  by  using  a  very  light  and  small  needle, 
such  as  that  suspended  in  a  Thomson's  galvanometer.  The  needle  is  kept  in  a  state 
of  perpetual  agitation  ;  generally  speaking,  at  each  pulsation  of  the  light  it  starts 
in  one  direction  traversing  a  space  of  several  degrees.  Telegraph  wires  are  also 
frequently  affected  to  such  an  extent  that  the  sending  of  messages  is  for  the  time 
being  impossible. 

It  is  thus  certain  that  the  phenomenon  has  an  electric  origin.  De  La  Rive  first 
propounded  the    theory  that  it  is  due  to  discharges  of  electricity  taking  place 
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through  the  highly  attenuated  air  at  a  distance  from  the  earth ;  and  to  illustrate  it 
he  devised  a  beautiful  experiment,  in  which  the  electric  light  in  a  Geissler's  tube  is 
shown  to  take  a  rotatory  motion  round  the  pole  of  an  electro-magnet  similar  to  the 
motion  observed  in  the  Aurora  Boreal  is  from  east  to  west.  Mr.  Balfour  Stewart 
supposes  that  aurorae  and  earth  currents  are  secondary  currents  due  to  changes  in 
terrestrial  magnetism. 

Sabine  showed  that  there  is  a  period  of  greatest  frequency  for  magnetic  storms 
and  for  aurone,  and  that  this  period  is  coincident  with  that  of  the  maximum  appear- 
ance of  the  sun's  spots.  * 

Aurora  Borealis,  Spectrum  of.  J.  A.  Angstrom  has  observed  the  spectrum  or 
the  Aurora  Borealis,  and  finds  it  to  be  almost  monochromatic  consisting  of  a  single 
bright  line  to  the  left  of  the  well-known  group  of  calcium  lines.  With  a  wide  slit 
traces  of  three  other  bands  are  also  seen.  (See  Poggendorff's  AnncUen,  May,  1869.) 
Professor  Winlock,  examining  the  auroral  spectrum,  found  it  to  consist  of  four 
green  lines  and  one  blue  one.  Three  of  the  gi-een  lines  coincide  with  lines  seen  in 
the  spectrum  of  the  corona,  as  observed  by  Professor  Young  during  the  total  solar 
eclipse  of  August,  18C9.     (See  Spectrum .) 

Aurum  Musivum.     See  Tin,  Sulphides. 

Autumn.  (Autumnus.)  In  astronomy  the  time  occupied  by  the  sun  in  passing 
from  the  autumnal  equinox  to  the  winter  solstice.  As  the  earth  is  in  perihelion 
near  the  time  of  the  winter  solstice,  her  motion  during  autumn  is  swifter  than  dur- 
ing the  two  preceding  seasons — spring  and  summer.  Hence  the  duration  of  astro- 
nomical autumn  is  less  than  one-fourth  of  a  year.  Its  exact  length,  at  present,  is 
89  days  16  hours,  and  47  minutes.     (See  Seasons.) 

Autumnal  Equinox.  The  time  at  which  the  sun  passes  from  the  northern  to  the 
southern  side  of  the  equator.     (See  Equinox,  Equinoctial ',  Libra,  etc.) 

Autumnal  Point.  One  of  tne  points  in  which  the  ecliptic  crosses  the  equator. 
At  this  point  the  ecliptic — taken  in  the  order  of  the  signs — passes*  from  north  to 
south  of  the  equator.  The  point  is  also  called  the  first  point  of  Libra.  (See 
Libra,) 

Aventurin  Quartz.    See  Quartz. 

Avogadro's  Law.  This  law  asserts  that  equal  volumes  of  different  gases,  at  the 
same  pressure  and  temperature,  contain  an  equal  number  of  molecules.  It  was  pro- 
pounded by  Signor  Avogadro,  whose  name  is  also  well  known  in  connection  with 
experiments  on  the  tension  of  the  vapor  of  mercury.  Quite  recently  Professor 
Neumann  has  deduced  the  law  mathematically  from  the  first  principles  of  the  me- 
chanical theory  of  gases.  (See  Berichte  der  Veutschen  Chemischen  Gesellscha/t 
zu  Berlin,  p.  690.     1869.) 

Axis,  Magnetic,  is  generally  defined  to  be  the  line  joining  the  poles  of  a  mag- 
net. As,  however,  the  word  pole  is  used  very  indefinitely,  we  quote  the  following  ex- 
planatory definition  from  a  paper  by  Sir*W.  Thomson  on  the  mathematical  theory 
of  magnetism.  (Phil.  Mag.  1851.)  "  Conceive  a  magnet  to  be  supported  by  its 
centre  of  gravity  and  left  perfectly  free  to  turn  round  this  point.  If  the  body  be 
placed  in  a  position  of  equilibrium,  there  is  a  certain  axis  such  that  if  the  body  be 
turned  round  it  through  any  angle  and  brought  to  rest,  it  will  remain  in  equilibrium. 
If  the  body  be  turned  through  180°  about  an  axis  perpendicular  to  this,  it  will 
again  be  in  a  position  of  equilibrium.  Any  motion  oi  the  body  whatever  which  is 
not  of  either  of  the  kinds  just  described,  nor  compounded  of  the  two,  will  bring  it 
into  a  position  in  which  it  will  not  be  in  equilibrium."  The  axis  so  described  is 
called  the  magnetic  axis  of  the  body. 

Axis  of  an  Orbit.  The  major  axis  of  a  planet's  orbit  is  the  apsidal  line  (q.  v.) ; 
the  minor  axis  is  a  line  at  right  angles  to  the  former  through  its  middle  point 

Axis  of  Crystals.     See  Crystals,  Optic  Axis  of. 

Axis  of  Lenses.  The  axis  of  a  lens  is  a  line  passing  through  the  centre  of  its 
curved  surface  or  perpendicular  to  its  plane  surface. 

Axis  of  a  Planet.     The  imaginary  line  upon  which  the  planet  rotates. 

Axle.  (Saxon,  cex  ;  Danish  and  Swedish,  a^e/J,  -A-  piece  of  timber  or  bar  of 
iron  fitted  for  insertion  in  the  naves  of  wheels.  The  axles  of  the  wheels  of  ordi- 
nary vehicles  are  fixed,  and  the  wheels  rotate  upon  them ;  but  in  railway  carriages 
the  axles  rotate  with  the  wheels,  and  both  form  one  piece.  The  extremities  of  the 
axles  project  beyond  the  wheels  and  support  the  bearings  of  the  carriage. 

Axle,  Wheel  and.    See  Wheel  and  Axle. 


AZALEINE. BALANCE. 


87 


AffMTf  ■  Another  name  for  Rosaniline,  the  base  of  one  of  the  aniline  dyes. 
See  Aniline. 

Aaetfafage.  A  star  in  the  constellation  Cygnus.  It  is  now  inconspicuous,  but 
was  probably  once  a  bright  orb.    It  is  lettered  it1  in  the  nomenclature  of  Bayer. 

AlilMlth.  (Arabic)  In  astronomy  the  azimuth  of  a  celestial  body  is  the  angle 
between  two  planes,  through  the  station  of  the  observer,  one  passing  through  the 
aenith  and  the  body,  and  the  other  passing  through  the  zenith  and  the  north 
and  south  points  of  the  horizon.  Azimuths  are  measured  through  180°,  and  in 
general  from  the  north  or  south  point  of  the  horizon,  according  as  the  north  or 
south  pole  of  the  heavens  is  above  the  horizon. 

Aximuth  Circles.    The  same  as  Vertical  Circles,  q.  v. 

Azimuth  Compass.    See  Compass. 

Azote.    See  Nitrogen. 

AlOtio  Aci<L    See  Nitric  Acid. 

B 

Back  Stroke.    See  Return  Stroke. 

Balance.  (Bilanx,  having  two  scales;  from  bis,  twice,  and  lanx,  a  scale  or 
plate.)  One  of  the  simplest  applications  of  mechanical  principles  belonging  to  the 
first  great  class  of  machines.  (See  Mechanical  Powers.)  It  is  a  lever  of  the  first 
kind,  the  fulcrum  being  between  the  power  and  the  weight.  It  is  commonly  used 
to  ascertain  the  weight  of  bodies  in  comparison  with  the  standard  units  of  weight. 

Fig.  8. 


The  ordinary  balance  (Fig.  8)  consists  essentially  of  a  metallic  bar  or  lever,  called 
the  beam,  cither  delicately  suspended,  or  supported  on  a  stand  by  the  intervention 
of  a  wedge-shaped  prism,  technically  termed  a  knife-edge,  exactly  at  its  middle 
point.  An  index  is  fixed  at  right  angles  to  the  beam,  and  made  to  travel  over  a 
graduated  arc,  so  as  to  show  when  the  beam  is  horizontal.  A  scale-pan  is  suspended 
from  each  end  of  the  lever.  Since  the  arms  of  the  balance  arc  equal,  it  is  plain 
that  there  cannot  be  equilibrium  unless  the  weights  placed  in  each  scale  are  equal. 
(See  LeverA  When  this  is  the  case,  the  beam  is  perfectly  horizontal,  and  the  index 
vertical.  The  balance  is  theu  said  to  be  true.  When  the  beam  is  horizontal  with 
unequal  weights,  the  balance  is  false.  Thus  it  is  easy  to  test  the  truth  of  a  balance 
by  first  placing  in  the  scales  weights  which  apparently  are  equal,  and  then  •trans- 
ferring each  into  the  other  scale.  If  the  weights  are  not  really  equal,  one  of  them 
will  appear  heavier  than  the  other  after  the  transfer.  There  are,  however,  two 
methods  of  finding  the  exact  weight  of  a  body  by  means  of  a  false  balance.    The 
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body  may  be  weighed  with  standard  weights  in  each  scale  successively,  and  the  true 
weight  is  the  mean  proportional  between  the  two  apparent  weights.  Thus,  if  a 
body  appears  to  weigh  fonr  pounds  in  one  scale,  and  nine  pounds  in  another,  its  real 
weight  is  six  pounds.  Or  the  body  (placed  in  one  scale)  may  be  balanced  by  a  suffi- 
cient quantity  of  any  convenient  substance,  sand,  for  instance,  so  that  the  beam  is 
horizontal ;  and  then  replaced  by  standard  weights  until  the  sand  is  balanced ;  the 
weight  thus  obtained  is  the  true  one. 

The  requisites  of  a  good  balance  are  these :  (1)  It  should  have  its  beam  in 
stable  equilibrium  (see  Equilibrium),  for  which  purpose  the  centre  of  gravity  of 
the  beam  and  its  appendages  should  fall  a  little  below  the  knife-edge.  (2)  Both 
wheu  the  scales  are  empty,  and  when  equal  weights  are  placed  in  them,  the  beam 
should  be  horizontal  and  the  index  vertical ;  the  arms,  of  course,  being  exactly 
equal  to  one  another.  (3)  It  is  of  great  importance  that  the  balance  should  be 
very  sensitive,  and  indicate  very  slight  inequalities  in  the  weights.  The  sensibility 
of  a  balance  becomes  greater  (a)  as  the  length  of  the  arms  is  increased,  which  aug- 
ments the  difference  in  moment  about  the  fulcrum,  due  to  difference  of  weight ;  (b) 
as  the  weight  of  the  beam  is  diminished  ;  for,  when  the  beam  is  displaced  by  the  in- 
equality of  the  weights,  its  own  weight  gives  it  a  tendency  to  return  to  its  first 
position.  But  this  displacement  is  less  for  a  given  inequality  in  the  weights  as  the 
weight  of  the  beam  is  increased ;  so  that  the  less  the  beam  weighs,  the  more  sensi- 
tive it  becomes. 

A  form  of  balance,  more  convenient  for  counterpoising,  but  less  exact  than  the 
common  form,  is  that  in  which  the  scale-pans  are  placed  above  the  beam.  For  other 
balances,  having  unequal  arms,  etc.,  see  Steelyard. 

Balance,  Bifilar,  or  Bifilar  Magnetometer.    First  constructed  by  Sir  W. 

Snow  Harris,  and  improved  by  Weber  and  Gauss,  consists  of  a  bar  magnet  sus- 
pended horizontally  by  two  equal  vertical  fibres  or  wires,  which  are  accurately  ad- 
justed so  as  to  divide  the  weignt  of  the  bar  equally  between  them.  When  the  bar 
turns,  the  fibres  become  inclined  to  the  vertical,  and  the  bar  is  raised.  If,  then,  the 
tension  of  the  fibres  be  neglected,  the  measurement  of  the  force  tending  to  turn  the 
magnet  is  made  by  comparing  it  with  the  weight  of  the  bar  itself.  In  order  that 
the  deflections,  which  are  very  small,  may  be  read  from  some  distance,  and  with 
very  great  accuracy,  Weber  and  Gauss  attached  to  the  bar  a  plane  mirror,  and 
placed  a  scale  opposite  to  it,  at  some  distance  from  it.  The  divisions  of  the  scale 
reflected  in  the  mirror  are  read  off  by  means  of  a  telescope,  and  by  this  means  it  is  of 
course  easy  to  calculate  the  angle  through  which  the  magnet  has  turned.  The  prin- 
ciple has  been  adopted  in  magnetic  observatories.  A  full  description  of  Sir  W.  S. 
Harris's  balance  is  to  be  found  in  the  Transactions  of  the  Royal  Society  for  1836. 

Balance  of  Roberval.  A  balance  composed  of  a  jointed  rectangle,  the  middle 
points  of  two  opposite  sides  of  which  are  attached  to  two  fixed  joints  in  the  same 
vertical  line,  the  other  two  opposite  sides  having  two  exactly  equal  bars  attached 
perpendicularly  to  these  sides  at  their  middle  points.  When  equal  weights  are  sus- 
pended from  the  arms,  they  will  always  balance  each  other  wherever  may  be  the 
points  of  suspension.  The  instrument  was  devised  by  Roberval,  a  French  mathema- 
tician of  the  seventeenth  century,  to  illustrate  the  seeming  paradox  of  equal  weights 
balancing  each  other  with  unequal  arms.  The  first  to  give  a  full  explanation  of  the 
phenomenon  was  Poinsot,  who  applied  to  it  the  theory  of  couples,  of  which  he  was 
the  discoverer.     See  Poinsot's  Elements  de  Statique.) 

Balance,  Torsion.  This  instrument  was  invented  and  used  by  M.  Coulomb  for 
the  purpose  of  investigating  the  laws  of  electric  attraction  and  repulsion,  and  of  the 
distribution  of  electricity  upon  the  surface  of  a  conductor.  It  was  afterwards  em- 
ployed by  Faraday  in  a  slightly  modified  form  in  his  celebrated  experiments  on 
statical  electricity,  and  as  this  is  the  form  in  which  it  is  nowT  generally  used  we  shall 
so  describe  it.  The  exterior  case  of  the  instrument  is  a  hollow  cylinder  of  glass 
about  9  inches  in  diameter  and  8  inches  high  placed  with  its  axis  vertical  on  a  con- 
venient mahogany  plate  which  is  furnished  with  levelling  screws.  The  top  of  the 
cylinder  is  covered  with  a  circular  glass  plate,  in  the  centre  of  which  a  round  hole 
is  cut.  In  this  hole  is  inserted  the  extremity  of  a  glass  tube  0.8  inch  in  diameter 
and  16  inches  high  ;  and  the  upper  part  of  the  tube  is  closed  with  a  circular  mahog- 
any cap,  the  top  of  which  is  divided  into  degrees.  A  thin  bar  passes  downwards 
through  the  middle  of  the  cap  and  is  capable  of  turning  in  its  socket ;  and  it  has  a 
pointer  which  moves  over  the  graduated  circle  attached  to  its  upper  end.    To  the 
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lower  end  is  fastened  a  very  fine  thread  of  glass  which  passes  vertically  down  through 
the  tnbe  into  the  glass  cylinder.  And  this  carries  a  light  arm  of  glass  or  of  shell- 
lac  which  swings  horizontally  in  the  glass  cylinder,  being  furnished  at  one  end  with 
a  liffht  gilded  ball  of  elder  pith  and  at  the  other  with  a  counterpoise.  The  length 
of  toe  horizontal  arm  is  but  little  less  than  the  diameter  of  the  glass  cylinder.  If 
dow  any  force  be  applied  to  turn  this  arm  it  is  resisted  by  the  force  of  torsion  of  the 
glass  fibre  by  which  it  hangs;  and  according  to  Hooke's  well-known  law,  ui  ttnsio 
sic  vis,  the  angle  through  which  the  arm  is  turned  is  simply  proportional  to  the  force 
applied.  The  angle  is  read  off  on  a  scale  pasted  round  the  body  of  the  cylinder  on 
a  level  with  the  movable  arm.  Through  another  hole  cut  in  the  covering  plate  of 
the  cylinder  an  electrified  body  can  be  let  down.  This  is  generally  a  second  gilded 
pith  ball  insulated  on  a  shell-lac  stem,  and  exactly  similar  to  the  first,  and  the  hole 
in  the  cover  is  arranged  so  that  the  pith  ball  when  in  its  place  shall  be  opposite  zero 
on  the  scale  just  mentioned.  The  use  of  the  instrument  is  readily  understood  from 
what  has  been  said.  For  if  the  swinging,  or,  as  we  may  call  it,  the  movable  ball, 
be  brought  opposite  zero  on  the  lower  scale,  and  the  second  pith  ball  be  electrified 
and  introduced  into  its  place,  on  contact  taking  place  the  two  balls  will  be  similarly 
electrified,  and  will  repel  each  other  to  a  certain  distance.  The  force  with  which 
they  repel  is  calculated  by  observing  the  angle  of  torsion.  By  now  turning  the  bar 
at  the  top  from  which  the  glass  fibre  is  suspended  the  distance  is  altered  and  the 
force  of  repulsion  also;  the  amount  of  this  repulsion  is  again  determined  from  the 
angle  of  torsion.  To  examine  the  force  of  attraction  the  movable  ball  is  electrified 
and  then  turned  from  zero  to  a  certain  position.  On  introducing  the  second  ball 
into  its  place  charged  with  the  opposite  kind  of  electricity,  attraction  takes  place, 
the  amount  of  which  may  be  determined  in  a  similar  way. 

Balance  Wheel.  A  contrivance  for  producing  the  same  regulating  effect  in 
watches  and  in  marine  time-pieces  as  the  pendulum  in  clocks.  Since  the  pendulum 
must  be  fixed  at  some  stationary  point  in  order  to  vibrate,  it  cannot  be  used  for  those 
chronometers  which  are  to  work  while  carried  about  either  on  land  or  on  sea ;  and 
for  these  some  regulator  is  required  which  will  not  be  disarranged  by  a  change  of 
position.  Such  an  instrument  is  found  in  the  balance  wheel.  (Fig.  9.)  Just  be- 
neath this  wheel  a  very  fine  steel  spring,  much 

smaller  than  the  mainspring,  is  attached  by  Fig.  9. 

one  end  to  the  central  part  of  it,  and  by  the 
other  to  some  suitable  point  near  the  rim  of 
the  wheel.  When  the  spring  is  drawn  aside 
it  tends  to  return  to  its  normal  form,  and  by 
the  velocity  acquired  in  this  recoil  it  passes  to 
an  equal  distance  on  the  opposite  side  of  its 
original  position.  Thus  its  oscillations  become 
isochronous  for  reasons  analogous  to  those  in 
the  case  of  the  pendulum.    The  balance-wheel 

is  connected  with  the  general  system  of  wheel  work  in  the  watch,  and  is  therefore 
moved  from  rest  by  the  mainspring  (an  escapement  wheel  being  interposed).  Con- 
sequently its  isochronous  osculations  are  produced  at  the  same  time  as  the  other 
movements,  and  so  regulate  the  motion  of  the  whole  system  of  wheel  work.  (See 
Horology,  Pendulum,  Isochronism.) 

Ball  and  Socket.  (Socket,  an  opening  into  which  anything  is  fitted ;  diminutive 
of  sock — a  form  existing  in  all  the  languages  of  Western  Europe,  denoting  a  cover- 
ing for  the  foot,  especially  lot.  soccus,  the  low-heeled  shoe  worn  by  comic  actors,  in 
contrast  to  the  buskin  worn  in  tragedy  .J  A  description  of  joint  used  for  connecting 
parts  of  machinery  so  as  to  allow  one  or  the  parts  to  move  in  any  direction.  The 
connected  parts  are  usually  two  rods,  one  of  wnich  has  a  solid  spherical  metallic  ball 
attached  to  its  extremity,  and  the  other  a  hollow  sphere  or  socket ;  the  internal  dia- 
meter of  the  socket  being  exactly  equal  to  the  external  diameter  of  the  ball,  so  that  the 
latter  exactly  fits  the  former.  The  socket  is  not  complete,  but  consists  of  so  much  of 
the  sphere  as  is  necessary  to  prevent  the  ball  from  being  pulled  out  of  it.   (See  Joint.) 

Ballistic  Pendulum  (fiobins's).  (Ballistique,  pertaining  to  projectiles; 
f}a*xtwy  to  throw.)  This  is  a  machine  used  to  ascertain  the  velocity  with  which  a 
shot  leaves  the  month  of  a  cannon.  In  its  simplest  form  it  consists  of  a  large  block 
of  wood  suspended  from  a  knife-edge  in  front  of  the  mouth  of  a  cannon,  having  some 
of  measuring  the  angle  through  which  the  beam  oscillates.    The  wood  is 


90  BALLOON. BARKER'S  MILL. 

plated  on  the  outer  side  with  iron.  When  the  shot  is  fired  into  the  mass  it  lodges 
there,  and  causes  it  to  move  through  a  certain  angle.  When  the  magnitude  of  this 
angle  is  known,  together  with  the  centres  of  suspension  and  oscillation  of  the  mass, 
the  velocity  of  the  shot  can  be  determined  by  calculation. 

Balloon.  (Ballon,  a  little  ball.)  A  machine  which,  filled  either  with  heated 
air,  or  with  gas  specifically  lighter  than  the  atmosphere,  can  float  in  the  air,  sup- 
porting at  the  same  time  a  greater  or  less  weight. 

Montgolfier  made  the  first  balloon  in  1783.  It  was  a  fire-balloon — that  is,  the  air 
within  it  was  heated  and  so  rarefied.  Fire-balloons  are  too  unsafe,  however,  to  be 
trusted  by  aeronauts,  and  the  common  practice  now  is  to  employ  a  light  gas  (car- 
bureted hydrogen).  The  balloon  is  only  partially  filled,  because,  as  it  rises,  and  the 
pressure  of  the  air  diminishes,  it  would  burst  had  it  been  actually  filled  at  a  lower  level, 
tor  the  history  of  ballooning,  the  reader  is  referred  to  Hatton  Tumor's  Astra  Castro. 

Recently  Mr.  Glaisher  has  made  several  ascents  in  Mr.  CoxwelPs  balloon,  for  the 
purpose  of  investigating  the  condition  of  the  upper  regions  of  the  air.  He  has  in 
this  way  been  enabled  to  add  importantly  to  our  knowledge  of  the  laws  which  regu- 
late the  temperature  of  the  air  at  different  levels,  besides  obtaining  an  insight  into 
the  characteristics  of  the  various  orders  of  clouds,  which  no  amount  of  study  by  ob- 
servers at  the  earth's  surface  could  possibly  have  secured.  One  of  his  ascents  with 
Mr.  Coxwell  was  specially  remarkable,  as  indicating  the  extreme  limits  of  height 
to  which  men  can  hope  to  attain.  In  this  ascent,  when  the  balloon  had  attained  a 
height  of  nearly  6  miles,  Mr.  Glaisher  became  insensible.  Mr.  Coxwell,  after  en- 
deavoring to  rouse  Mr.  Glaisher,  found  that  he  was  himself  losing  his  strength.  In- 
deed, he  was  unable  to  use  his  hands,  and,  had  he  not  succeeded  in  pulling  the  valve- 
string  with  his  teeth,  he  and  his  companion  must  inevitably  have  perished.  The 
height  attained  before  the  string  was  pulled,  would  seem,  from  an  observation  made 
by  Mr.  Coxwell,  to  have  been  about  6£  miles.  At  this  time  the  temperature  was 
12  degrees  below  zero,  and  the  neck  of  the  balloon  was  covered  with  hoar  frost. 

It  is  worth  noticing,  however,  that,  although  it  would  seem  from  this  experience 
that  no  one  accustomed  to  breathe  the  air  of  ordinary  levels  can  hope  to  attain  a 
greater  height  than  6£  miles,  it  is  not  impossible  that  those  who  pass  their  lives  at  a 
great  height,  as  the  inhabitants  of  Potosi,  Bogota,  and  Quito,  might  safely  ascend  to 
a  far  greater  height.  We  know  that  De  Saussure  was  unable  to  consult  his  instru- 
ments when  he  was  at  no  higher  level  than  these  towns,  and  that  even  his  guides 
fainted  in  trying  to  dig  a  small  hole  in  the  snow ;  whereas  the  inhabitants  of  the 
towns  thus  exceptionally  placed  are  able  to  undergo  violent  exercise.  We  may 
assume,  therefore,  that  their  powers  are  exceptionally  suited  to  such  voyages  as  those 
in  which  Glaisher  and  Coxwell  so  nearly  lost  their  lives. 

Barium.  (|3apv$,  heavy.)  The  metallic  basis  of  the  earth  baryta,  which  latter 
body  was  first  recognized  as  a  distinct  substance  by  Scheele  in  1774,  the  metal  being 
obtained  by  Davy  in  1808.  Its  symbol  is  Ba,  and  atomic  weight  68.5.  It  is  of  a 
silver-white  color,  rapidly  oxidizing  in  the  air.  The  most  important  compounds  are 
as  follows :  Oxide  of  barium  or  baryta  (Ba20),  prepared  by  igniting  nitrate  of 
barium.  (See  Nitrates.)  It  is  a  grayish-white  friable  mass  of  snecific  gravity  5.54, 
soluble  in  water,  forming  a  strongly  alkaline  solution.  Sprinkled  with  a  small  quan- 
tity of  water,  it  forms  a  white  hydrate,  with  great  evolution  of  heat  and  expansion 
of  volume  ;  its  formula  is  BaHO ;  when  dissolved  in  water  and  crystallized,  it  sepa- 
rates in  transparent  colorless  prisms,  which  contain  four  atoms  of  water. 

Per-oxide  of  Barium  (BaO),  a  gray  powder  formed  when  baryta  is  heated  to 
dull  redness  in  air,  or  oxygen.  At  a  strong  red  heat  it  gives  up  this  additional 
quantity  of  oxygen,  and  hence  has  been  proposed  by  Boussingault  as  a  means  of 
extracting  oxygen  from  the  air.  Per-oxide  of  barium  is  slightly  soluble  in  cold 
water ;  it  is  readily  decomposed  with  evolution  of  the  extra  equivalent  of  oxygen. 

Chloride  of  Barium  (BaCl),  forms  transparent  colorless  tabular  crystals  which 
contain  water.  It  dissolves  readily  in  water,  slightly  so  in  strong  acids,  and  is 
almost  insoluble  in  alcohol.     For  other  salts  of  barium,  see  the  respective  acids. 

Barium  compounds  heated  before  the  blowpipe  communicate  a  beautiful  green 
color  to  the  flame.    (See  Colored  Flames.) 

Barker's  Mill  j  or,  Segner's  wheel.  Since  every  equal  unit  of  surface  of  a  vessel 
full  of  water  is  subject  to  a  pressure  proportional  to  the  depth  of  the  unit  below  the 
surface  (see  Pressure  through  Liquids,  also  Lateral  Pressure  of  Liquids),  every 
unit  of  surface  at  the  same  depth  is  equally  pushed  outwards.    For  each  such  pres- 
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mare  on  one  side  of  the  vessel  there  is  an  equal  and  opposite  pressure  on  the  other, 
whereby  the  whole  vessel  is  kept  in  equilibrium.  If  one  such  unit  of  area  be  re- 
moved— that  is,  if  a  hole  be  cut  in  the  side  of  a  vessel  of  water — the  water  in  flowing 
out  will  no  longer  be  able  to  press  upon  the  surface  which  has  been  removed,  but 
will  nevertheless  continue  to  press  with  equal  force  on  the  opposite  unit  of  area. 
The  consequence  will  be  that  the  vessel  will  bo  urged  in  the  direction  opposite  to 
that  in  which  the  water  flows  out.  Barker's  Mill  in  its  simplest  form  consists  of  a 
_L -shaped  tube,  the  stem  of  which  is  vertical,  and  the  cross-piece  downwards.  The 
ends  or  the  cross-piece  are  closed,  the  end  of  the  vertical  tube  is  open.  The  whole 
is  supported  on  a  pivot  at  the  joint  where  the  two  tubes  meet  one  another.  If  such 
a  tube  be  filled  with  water,  it  will  remain  at  rest.  If,  however,  openings  be  made, 
one  on  one  side  of  one  limb  of  the  lower  tube,  and  the  other  on  the  opposite  side  of 
the  other  limb,  water  will  flow  out  of  both  of  these  openings,  and  the  corresponding 
pressures  on  the  other  sides  of  the  two  limbs  will  cease  to  be  counterbalanced.  Being 
on  opposite  sides  of  the  pivot,  and  on  opposite  sides  of  the  tube,  they  will  assist  one 
another  in  turning  the  whole  instrument  round  on  the  pivot.  This  motion  is  con- 
tinuous, provided  the  open  upright  tube  be  continually  supplied  with  water.  By 
increasing  the  number  of  cross-tubes  below,  and  having  numerous  holes  in  one  sense 
in  all  of  them,  the  totol  effect  may  be  greatly  increased,  as  also  by  increasing  the 
height  of  the  upright  tube,  and  thereby  the  pressure  of  the  water.  A  practical  ob- 
jection arises  from  the  great  loss  by  friction  when  a  long  heavy  tube  or  water  rests 
on  the  pivot.  To  remove  this  the  water  is  sometimes,  and  with  advantage,  intro- 
duced from  below. 

Barometer,  (j3apo$,  weight,  and  fiitpw,  measure.)  An  instrument  invented  in 
1643  by  Torricelli,  for  measuring  the  pressure  of  the  air ;  one  of  the  best  known,  as 
it  is  one  of  the  most  important  of  the  scientific  instruments  used  in  our  day.  The 
experiment  by  which  Torricelli  established  the  principle  of  the  barometer  may  be 
thus  described : — 

If  a  glass  tube  about  thirty-three  inches  long  be  filled  with  mercury,  and  the  open 
end  plunged  into  a  vessel  of  that  metal  (Fig.  10),  the  column  of  mercury  will  be 
seen  to  sink  till  its  surface  is  about  thirty  inches  above  the  surface 
of  the  mercury  in  the  open  vessel.  The  pressure  of  the  air  on  the 
latter  surface  now  balances  the  weight  of  the  mercurial  column.  For 
this  column  is  kept  in  equilibrium  by  two  forces  only,  its  weight  act- 
ing downwards,  and  the  upward  pressure  exerted  by  that  part  of  the 
mercury  which  lies  in  the  tube  on  the  same  level  as  the  surface  in 
the  bowl,  and  this  latter  pressure  by  the  principles  of  hydrostatics  is 
the  same  as  the  pressure  on  any  equivalent  portion  of  the  exposed 
surface  of  the  mercury.  Thus  the  height  of  the  supported  column 
affords  a  measure  of  the  pressure  exerted  by  the  atmosphere. 

All  mercurial  barometers  are  constructed  with  the  object  of  meas- 
uring this  supported  column  of  mercury.  There  are  two  principal 
varieties — cistern  barometers  and  siphon  barometers. 

In  the  cistern  barometer  the  Torricellian  experiment  is  simply 
reproduced.  The  object  chiefly  aimed  at  in  all  varieties  of  this 
instrument  is  the  exact  estimation  of  small  changes  in  the  height  of 
the  mercurial  column.  If  the  cistern  be  of  a  considerable  cross- 
section  (horizontally)  the  fall  of  the  column  in  the  tube  does  not  con- 
siderably affect  the  level  of  the  free  surface.  Still  the  change  of  level 
has  to  be  taken  into  account  in  observations  where  exactness  is 
required.  It  is  obvious  that  the  height  of  the  column  of  mercury 
must  be  measured  from  the  level  of  the  free  surface  at  the  moment  of 
observation,  so  that  a  fixed  scale  would  be  useless  for  exact  measurement,  unless  its 
divisions  were  so  marked  as  not  to  represent  true  inches  and  aliquot  parts  of  an 
inch,  but  the  rise  and  fall  of  the  barometric  column  in  absolute  height  above  the 
free  surface.  Thus,  suppose  the  column  thirty  inches  high,  and  that  it  seems  to  fall 
one  inch  (measuring  the  fall  by  an  ordinary  rule,  for  instance),  then  the  mercury  in 
the  cistern  has  been  increased  in  quantity  and  so  has  risen  by  a  certain  small 
amount,  and  therefore  the  real  fall  of  the  mercury  has  been  less  than  one  inch.  On 
the  other  hand,  if  the  mercurial  column  had  seemed  to  rise  one  inch,  the  real  rise 
would  have  been  more  than  one  inch,  for  the  free  surface  would  have  fallen.  Hence, 
if  a  fixed  scale  is  used,  without  any  contrivance  for  bringing  the  free  surface  to  a 
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fixed  level,  the  availed  inch  divisions  must  be  greater  than  an  inch  below  the  divi- 
sion for  which  the  free  surface  baa  its  mean  level,  and  less  than  an  inch  above  that 
division.  Another  method  is  to  have  a  sliding  scale,  whose  zero  can  be  brought  to 
the  level  of  the  mercury  in  the  cistern.  But  a  more  convenient  plan  (though  the 
same  in  principle)  is  one  by  which  the  level  of  the  free  surface  of  the  mercury  can 
be  brought  to  coincidence  with  the  zero  of  a  fixed  scale.  In  Fortio's  contrivance 
for  this  purpose,  the  cistern  is  inclosed  within  a  brass  box,  the  sides  of  the  cistern 
being  of  boxwood,  its  bottom  of  flexible  leather.  A  screw  which  works  through  the 
bottom  of  the  brass  box  against  the  leather  bottom  of  the  cistern,  enables  the  ob- 
server readily  to  shift  the  level  of  the  mercury  in  the  cistern.  A  float  carrying  an 
index  point,  which  mast  be  brought  opposite  a  fixed  point  on  the  scale,  serves  to 
show  when  the  adjustment  is  complete ;  or  an  ivory  needle  is  attached  to  the  scale, 
with  its  point  so  placed  as  to  be  on  a  level  with  the  zero  point,  and  the  merenry  in 
the  cistern  is  raised  or  lowered  until  the  image  of  the  needle's  point  coincides  with 
the  point  itself. 

In  Ailie's  travelling  barometer  the  first  of  the  three  methods  described  above  is 
employed,  and  to  prevent  the  risk  of  breakage  from  the  motion  of  the  mercury  within 
the  tubes  in  carriage,  the  tube  is  narrowed  along  a  part  of  its  length. 
In  the  marine  barometer  a  similar  plan  is  adopted,  but  the  tube  is 
narrowed  through  the  greater  part  of  its  length.  In  this  form  also, 
an  air-chamber  is  formed  at  one  part  of  the  tube,  so  that  air-bubbles 
accidentally  introduced  into  the  tnbe  may  be  prevented  from  reach- 
ing the  Torricellian  vaccnum,  or  from  effecting  the  apparent  length 
of  the  mercurial  column. 

In  siphon  barometers  there  is  no  cistern,  the  tnbe  being  simply 
turned  upwards  at  the  lower  end.  (See  Fig.  11.)  A  graduated  scale 
is  so  placed  as  to  indicate  the  height  of  the  merenry  in  each  limb 
above  a  fixed  zero.  The  difference  of  readings  gives  the  height  of 
the  mercurial  column  above  the  exposed  surface.  The  actual  varia- 
tion of  the  upper  as  well  as  of  the  lower  surface  of  the  mercury  is  but 
one-half  the  variation  in  the  height  of  the  barometric  column,  for  the 
latter  variation  is,  in  this  form  of  the  barometer,  obtained  by  equal 
motions  of  ascent  or  descent  in  oue  tnbe,  and  of  descent  or  ascent  in 
the  other. 
In  the  ii>hed  barometer  a  thread  attached  to  a  float  on  the  free 

I  surface  of  the  mercury  of  a  siphon  barometer,  passes  over  a  pulley 

and  bears  at  the  other  end  a  weight  almost  exactly  counterpoising 
J  '  ii  the  weight  of  the  float.    An  index  on  the  axle  of  the  pulley  is  moved 

across  an  arc  on  the  face  of  a  dial,  as  the  float  rises  or  falls.  This 
arrangement  was  invented  by  Dr.  Hooke.  Though  very  suitable  for 
an  ordinary  weather-glass,  this  form  has  no  scientific  value.  The 
thread  vanes  in  length  with  changes  in  the  moisture  of  the  air,  and 
the  friction  of  the  different  parts  of  the  instrument  acts  uncertainly. 
Contrivances  have  been  employed  for  increasing  the  range  of 
barometric  oscillations;  but  scientific  men  prefer  to  trust  to  the  appli- 
cation of  carefully  divided  scales. 

Correction*. — Four  corrections  have  to  be  applied  to  the  barom- 
eter, used  as  a  meteorological  instrument  at  a  fixed  station. 

The  first  is  the  correction  for  the  height  of  the  station  above  the  sea  level,  and  is 
calculable  by  the  ordinary  rules  applicable  to  the  estimation  of  heights  by  means  of 
the  barometer. 

The  second  depends  on  the  circumstance  that  the  surface  of  mercury  in  a  narrow 
tube  is  not  plane,  but  convex.  The  following  table  exhibits  "  the  correction  for 
capillarity"  (as  this  correction  is  called)  for  tnbes  of  different  diameter.  It  is  taken 
from  the  Encyclopedia  Britannica,  Art  "Capillary  Action:" — 
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It  will  be  seen  how  largely  the  increase  of  the  tube's  diameter  tends  to  diminish  the 
correction  for  capillarity. 

In  the  siphon  barometer  there  is  theoretically  no  correction  for  capillarity,  as  the 
correction  for  the  surface  in  the  open  limb  is  equal  to  the  correction  for  the  surface 
in  the  closed  limb,  so  that  in  taking  the  difference  both  corrections  disappear.  This 
advantage  is  in  great  part  counterbalanced,  however,  by  the  effect  of  the  air  in 
fouling  the  mercury  in  trie  open  limb. 

Thirdly,  there  is  the  correction  for  temperature.  It  depends  on  tho  expansion  of 
the  mercury  and  of  the  scale  of  divisions.  But  the  latter  expansion  may  commonly 
be  neglected.  The  expansion  of  the  mercury  may  be  assumed  to  be  approximately 
one  ten-thousandth  part  of  its  bulk  for  each  degree  Fahrenheit.  Hence,  for  re- 
ducing the  observed  height  of  the  mercurial  column  to  that  which  it  would  have 
were  the  temperature  that  of  the  freezing-point,  we  have  the  rule — "  Deduct  the 
ten-thousandth  part  of  the  observed  height  for  each  degree  of  Fahrenheit 
above  32°. 

Fourthly,  for  certain  applications  of  the  barometer  it  is  necessary  to  make  a  cor- 
rection for  the  annual  and  diurnal  range  in  the  variation  of  atmospheric  pressure 
(sec  Atmosphere),  in  order  to  determine  how  much  the  height  exceeds  or  falls  short 
of  the  estimated  mean  for  the  hour  and  date  of  observation. 

Employment  of  the  Barometer. — Tho  barometer  is  employed  in  many  important 
departments  of  science.  The  astronomer  employs  the  barometer  to  determine  the 
amount  of  correction  he  is  to  apply  for  atmospheric  refraction.  In  geodesy,  for  a 
similar  reason,  the  barometer  is  an  important  auxil  iary.  In  many  chemical  researches 
its  use  cannot  be  dispensed  with.  Its  use  in  the  measurement  of  heights  need  not 
here  be  considered. 

As  a  means  of  prognosticating  the  weather  the  barometer  is  of  great  utility, 
especially  at  sea.  But  its  value  for  this  purpose  depends  largely  on  the  intelligent 
combination  of  its  indications  with  those  of  other  instruments.  (See  Weather  Pre- 
diction. 

Barometer,  Aneroid,  (a,  without ;  and  wjpoj,  moisture.)  The  mercurial  barom- 
eter necessitates  an  instrument  of  at  least  32  inches  in  length.  In  the  aneroid 
barometer,  or  barometer  without  liquid,  this  inconvenience  is  overcome.  In  such 
barometers,  the  atmospheric  pressure  is  held  in  equilibrium  by  an  clastic  metallic 
spring.  A  metallic  box,  having  one  flexible  Bide,  is  completely  exhausted  of  air, 
and  sealed.  The  elasticity  of  this  side  of  the  box,  and  the  atphospheric  pressure 
thereon,  keep  one  another  in  equilibrium.  The  short  arm  of  a  lever  is  kept  contin- 
ually pressed  upon  the  elastic  side,  and  the  other  arm  works  an  index  similar  to  that 
of  the  weather  glass.  When  the  atmospheric  pressure  increases,  the  box  is  partly 
crushed  in ;  when  it  diminishes,  the  elastic  side  recovers  its  shape,  and  the  index 
moves  in  the  opposite  direction.  : 

Sometimes  a  box  of  elastic  metal,  in  the  shape  of  a  horse-shoe,  is  employed.  One 
end  of  this  being  fixed,  tho  general  curvature  of  the  box  is  affected  by  the  atmos- 

fmeric  pressure,  and  the  consequent  motion  is  exhibited  at  its  maximum  at  the  other 
or  free)  end,  which,  as  in  the  former  case,  is  connected  by  a  lever  with  a  movable 
index.  Though  very  convenient,  and,  for  short  intervals  of  time,  quite  trustworthy, 
the  aneroid  barometer,  of  whatever  form,  requires  frequent  comparison  and  correc- 
tion from  a  standard  mercurial  barometer,  because  the  metal  "  sets"  on  account  of 
its  imperfect  elasticity. 

Barometer.  Descartes'.  In  order  to  magnify  the  effect  of  the  mercurial  barom- 
eter, Descartes  proposed  to  use  a  mixed  column  of  mercury  and  some  lighter  liquid 
in  the  following  way :  The  top  of  the  mercurial  barometer  was  enlarged  into  a  wider 
cylinder  of  uniform  bore,  and  again  contracted  into  a  tube  of  the  ordinarv  size.  The 
top  of  the  mercury  column  was  in  the  widening.  Above  this,  and  reaching  up  into 
the  narrow  tube,  was  water,  or  a  solution  therein  of  tartrate  of  antimony  and  potas- 
sium. It  is  clear  that  if  the  atmospheric  pressure  increase,  say  a  quarter  of  an  inch, 
the  mercury  in  the  wider  cylinder  would  rise  to  that  amount  if  no  liquid  were  above 
it.  It  will  therefore  squeeze  up  the  lighter  liquid  in  the  lighter  and  narrower  tube 
(supposing  this  to  have  no  weight)  to  an  amount  inversely  proportional  to  the  sec- 
tions of  the  two  columns.  Since  the  relative  specific  gravities  of  the  water  and 
mercury  are  known,  it  is  easy  to  calculate  the  entire  weight  of  the  compound  column. 
Owing  to  the  tension  of  the  watery  vapor,  this  form  of  barometer  was  abandoned. 
By  using  glycerine  and  certain  hydrocarbons  of  high  boiling  point  and  little  vapor 
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tension  an  the  upper  liquid,  it  ia  easy  to  conat  met  a  barometer  which  shows  the  Vari- 
ation in  pressure  dne  to  one  foot  difference  in  height. 

The  mercurial  barometer  is  the  most  convenient  for  determining  the  actual  weight 
of  the  atmosphere.  If  we  lake  a  tube  whose  sectional  area  is  one  square  inch,  close 
it  at  one  end,  fill  it  with  mercury,  and  invert  it  into  tnerenry,  we  shall  find  that  the 
difference  of  level  between  the  inner  and  outer  mercury  is  about  30  inches.  Take  a 
column  of  mercury  30  inches  high,  and  of  one  square  inch  sectional  area,  and  we  find 
that  it  weighs  abont  15  lbs.  Hence  it  follows  that  the  pressure  of  the  atmosphere 
is  15  lbs.  on  the  square  inch  of  surface. 

Barometer,  Water.  A  barometer  in  which  water  is  used  instead  of  mercury. 
As  mercury  is  nearly  14  times  heavier  than  water,  the  column  of  the  water  barometer 
is  nearly  14  times  higher  than  the  mercurial  column  (see  Barometer),  or  nearly  36 
feet  long,  all  changes  of  elevation  would  also  be  proportionately  greater.  But,  as 
the  space  above  the  water  column  would  be  filled  with  aqueous  vapor,  varying  in 
tension  with  temperature,  the  water  barometer  would  not  be  a  satisfactory  weather 
indicator. 

Barometric  Light.  When  an  upright  barometer  is  moved  gently  backwards 
and  forwards  from  the  vertical  to  an  oblique  position,  so  as  to  make  the  mercury 
oscillate  in  the  tube  through  a  range  of  a  few  inches,  the  Torricellian  vacuum  be- 
comes lighted  up  so  as  to  be  visible  in  the  dark.  This  is  called  the  barometric  light, 
and  is  due  to  electricity  arising  from  the  friction  of  the  mercury  against  the  inner 
surface  of  the  tube.  Mr.  Tomlinson  has  described  an  experiment  in  which  the  phe- 
nomenon is  exhibited  on  a  targe  scale  in  the  vacuum  of  an  air  pump.  The  chief 
precaution  is,  that  the  mercury  and  the  glass  apparatus  be  quite  dry.  Hence  the 
experiment  succeeds  best  in  frosty  weather. 

Barton's  Buttons;  or,  Iris  Ornaments.  By  means  of  a  dividing  engine,  Mr. 
John  Barton  succeeded  in  engraving  lines  on  steel  and  other  surfaces  not  more  than 
from  the  2000th  to  the  10,000th  of  an  inch  apart.  These,  owing  to  the  action  of 
grooved  surfaces  on  light,  shine  in  the  light  of  candles  or  lamps  with  all  the  colors 
of  the  spectrum.  From  steel  dies  thus  prepared  impressions  were  stamped  upon 
buttons  and  other  articles,  forming  ornaments  rivalling  in  color  the  brilliant  flashes 
of  the  diamond.     (See  Grooved  Surfaces,  Colors  of ;  Interference  of  Light.) 

Bate.  The  definition  of  the  word  base  is  as  difficult  in  the  present  state  of 
chemical  science  as  that  of  the  word  acid.  It  may  be  considered  as  the  converse  of 
acid ;  or  the  body  which,  uniting  with  an  acid,  will  form  a  salt.    (See  Acid,  Salt.) 

Baton  Kaitos  (Arabic  and  corrupt  Greek).  The  Star  if  in  the  constellation 
Cetus. 

Battery,  Electric.     (First  constructed  by  Winkler,  1746.)     An  electric  battery 

consists  of  a  collection  of  Leyden  jars  whose  outside  coatings  are  all  electrically 

joined  together  and  likewise  their  inside  coatings.     (See  Fig.  12.)     Practically 

it  is  usual  to  bare  a  large  wooden  box 

Fig.  12.  divided  off  into  partitions  by  means  of 

thin  wooden  bars,  each  partition  being 

capable  of  holding  one  jar.    The  bottom 

of  the  box  is  lined  with  tinfoil,  and  thus 

the  jars,  when  placed  upon  it,  have  their 

outside  coatings  connected.    By  means 

of  a  strip  of  tinfoil  passing  up  from  the 

bottom,  and  a  stout  brass  wire  passed 

through  the  side  of  the  box,  the  outside 

coatings  are  all  joined  to  a  knob  on  the 

outside  in  some  convenient  position  for 

discharging.     The  inside  coatings  ore  all 

connected  together  by  means  of  brass 

rods  passing  from  knob  to  knob.    We 

obtain  by  this  arrangement  the  same 

effect  as  from  a  single  Leyden  jar  of,  it 

may  be,  enormous  dimensions.     But  to  procure  a  jar  of  unusual  size  is  difficult,  and 

such  jars  are  both  expensive,  and,  being  cumbrous,  liable  to  get  broken.     Hence  a 

batiery  is  always  preferred.    The  jars  are  generally  four,  six,  or  nine  in  number, 

and  each  exposes  from  two  to  three  square  feet  of  tinfoil  coating.    The  amount  of 

electricity  accumulated  is  proportional,  other  things  remaining  the  same,  to  the 


Fig.  13. 
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wonnt  of  coating,  whether  in  one  large  jar 

u  we  have  described  them.     Very  remarkable  effects  may  be  obtained  by  it 

•  good  battery.    When  charged  it  must  he  cautiously  handled,  Tor  serious  accidents, 

even  endangering  life,  may  readily  occur,     Pur  further  information  the  articles  oo 

Discharge  and  on  Let/den  Jar  may  be  consulted. 

Battery,  Galvanic,  consists  of  an  association  of  galvanic  pain  or  dements  for 
the  production  of  current  electricity.  Any  simple  arrangement  of  metals  and  liquids 
for  the  purpose  of  producing  a  current  of  electricity,  such  Tor  instance  as  a  plate 
of  line  and  a  plate  of  copper  immersed  in  dilate  sulphuric  acid,  is  called  a  galvanic 
element  or  battery  cell ;  and  when  several  Bach  cells  are  connected  together  so  as  to 
produce  a  greater  effect  the  collection  is  called  a  battery.  The  very  simplest  form 
of  battery  consists  of  a  number  or  pairs,  such  as  that  which  we  have  just  mentioned, 
of  copper  and  sine,  immersed  in  dilute  sulphuric  acid;  the  successive  pairs  are  joined 
together  by  wires,  the  copper  of  the  first  cell  to  the  zinc  of  the  second,  the-  copper 
of  the  second  to  the  sine  of  the  third,  and  so  on.  On  connecting  together  the  zinc 
of  the  first  with  the  copper  of  the  last,  we  may  obtain  a  very  powerful  current 
This  form  of  battery  was  proposed  by  Volta,  and  is  called 
Volta't  Crown  of  Cup*.  (See  Fig.  13}  Wo  are  now 
acquainted  with  man;  forms  more  powerful  than  tlmt  com- 
posed of  sine  and  copper  elements,  and  we  shall  describe  the 
more  important  of  them  in  their  proper  places.  Our  limits 
will  not,  of  course,  permit  ns  to  enter  into  a  description  of  all, 
even  of  the  important  ones,  or  into  a  very  detailed  description 
of  any.  Such  information  must  be  obtained  from  a  treatise 
on  physics  or  on  physical  chemistry. 

A  great  objection  to  the  use  of  the  simple  battery  above 
deacribed  is  found  in  what  is  called  the  polarization  of  the 
plates.  The  current  set  up  on  connecting  together  the  bat- 
tery terminals  very  soon  falls  off  in  strength,  the  reason  being 
that  the  plates  assnme  a  condition  such  as  both  to  hinder 
further  action  and  even  to  tend  to  produce  a  current  in  the 
opposite  direction.  In  fact,  the  hydrogen  which  is  liberated 
at  the  copper  surface  not  only  hinders  the  contact  of  the  fluid 
with  the  copper,  but,  as  it  is  produced  in  a  state  of  high  excite- 
ment,  called  the  nascent  state  (see  Nascent  State),  it  has  a 
great  tendency  to  become  oxidized  again,  and  by  its  oxida- 
tion sets  up  a  current  opposite  to  that  of  the  battery.  The 
effect  of  this  is  to  diminish  the  primary  current,  and  in  many 
cases  even  to  make  it  almost  imperceptible,  and  it  has  been  a 
great  desideratum  with  inventors  to  find  some  method  of  get- 
ting rid  of  this  deposit  of  hydrogen.  For  this  purpose  Smec's 
battery  and  Daniell's  battery  have  been  constructed,  and  we 
have  described  them  under  these  names.  We  have  also  given 
an  account  of  Bunsen's  battery,  Grove's  battery,  and  the  Me- 
■otti  battery.  Besides  these  there  are  many  other  forms,  such 
•a  the  bichromate  of  potassium  battery,  the  sulphate  of  mer- 
cury battery,  the  Leclanehe  battery,  but  these  arc  all  liable  to  the  great  objection  of 
not  being  constant  in  strength,  in  most  cases  to  such  an  extent  that  the  current 
(alls  almost  to  nothing  in  a  few  minntes,  and  they  can  only  be  used  for  Buch 
purposes  as  ringing  electric  bells  and  the  like,  where  a  momentary  current  is 
enough. 

For  further  information  on  this  subject  see  the  articles  on  the  various  forms  of 
battery.  Current.  Electric;  Ptatet,  Polarization  of. 

Battery,  sfagnetiu.  A  magnetic  battery  consists  of  a  number  of  magnets 
arranged  together,  so  that  by  their  conspiring  action  considerable  force  may  be 
obtained.  Various  forms  of  compound  magnets,  or  magnetic  batteries,  h;ive  been 
proposed  and  used.  In  general,  they  consist  of  a  number  of  bars,  each  magne- 
tised by  itself,  and  all  bound  together  with  their  similar  poles  towards  the  same 
parts.  Sometimes  a  number  of  straight  bar  magnets  are  put  together  round  two 
parol  lelopipeds  of  soft  iron,  one  at  each  end,  which  project  from  the  bundle.  These 
soft  iron  pieces  are  the  armatures  of  the  compound  magnet,  aud.  becoming  mag- 
netised inductively,  concentrate  the  force  of  the  magnet  Ui  poles  withiu  themselves. 
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The  whole  bundle  is  kept  together  by  bands  of  copper  or  brass,  or  occasionally  .by 
screws  passing  through  the  bars.  Batteries  of  the  horse-shoe  form  are  also  made  by 
screwing  together  any  number  of  similar  horse-shoe  plates,  each  of  which  has  been 
magnetized  by  itself.  The  extremities  of  the  compound  magnet  are  made  smooth 
and  parallel ;  and  a  keeper,  or  soft  iron  bar,  joining  the  poles,  is  constantly  in  con- 
tact with  them  when  the  magnet  is  not  in  use. 

Battery,  Thermo-electric.  It  is  explained  (see  Thermoelectricity),  that,  when 
a  circuit  is  formed  containing  two  metals — for  example  bismuth  and  antimony — 
and  when  one  of  the  junctions  is  raised  to  a  higher  temperature  than  the  rest,  a 
current  is  generated,  the  direction  of  which  depends  upon  the  nature  of  the  metals. 
Thus,  in  the  case  of  bismuth  and  antimony,  the  current  passes  from  the  bismuth 
to  the  antimony  through  the  hot  junction.  The  electro-motive  force  of  a  single 
pair  is,  however,  very  small,  being  estimated,  according  to  a  determination  of 
Wheatstone,  in  the  case  of  bismuth  and  antimony,  in  hundredths  of  a  Daniell's  ele- 
ment, for  a  difference  of  temperature  of  180°  F.  (100°  0.)  In  order  to  obtain  con- 
siderable electro-motive  force  for  a  small  difference  of  temperature,  an  arrangement 
similar  to  that  adopted  in  the  case  of  the  ordinary  galvanic  battery  is  made  use  of. 
A  large  number  or  bars  of  bismuth  and  antimony  are  soldered  end  to  end  alter- 
nately, and  are  so  bent  that  afl  the  bars  may  be  parallel,  and  all  the  alternate  junc- 
tions may  point  the  same  way.  It  will  be  seen  that  in  such  an  arrangement,  if  one 
series  of  junctions  be  exposed  to  heat  and  the  other  to  cold,  the  tendency  at  each 
junction  is  to  send  the  current  in  the  same  direction,  and  the  aggregate  effect  may 
thus  be  made  considerable.  The  electro-motive  force  is,  however,  always  low,  and 
in  order  to  make  the  current  available  in  cases  in  which  it  is  to  be  employed  for 
measuring  small  differences  of  temperature,  a  galvanometer  constructed  of  short 
thick  copper  wire,  and  called  a  Thermo-multtplier,  is  used.  (See  also  Thermo-ptie; 
Thermo-multiplier. ) 

B.  A.  Unit.  A  contraction  frequently  used  in  speaking  of  the  British  Associa- 
tion Unit  of  Electric  Resistance.    (See  Resistance,  Units  of  Electric) 

Beats.  If  a  note  of  permanent  pitch  be  sounded  continuously,  and  another  note 
of  graver  pitch  be  gradually  raised  in  pitch  so  as  to  reach  and  exceed  the  pitch  of 
the  first,  a  peculiar  throbbing  is  heard,  consisting  of  rapidly  recurring  augmentations 
of  sound  as  the  two  notes  approach  one  another,  the  intervals  of  the  throbs  or 
"  beats"  become  greater  and  greater  as  the  two  notes  approach  unison ;  when  thiB 
point  is  attained,  they  cease.  As  the  second  note  surpasses  the  first,  the  beats  recom- 
mence, at  first  slowly,  then  more  rapidly,  until  they  cannot  be  distinguished  from  one 
another.  If  one  note  consists  of  say  201  vibrations  a  second,  and  the  other  of  200,  at  the 
end  of  every  second  the  201st  vibration  of  the  first  note  will  coincide  with  the  200th 
of  the  second,  and  consequently  there  will  be  1  beat  or  augmentation  per  second. 
When  the  second  note  has  202  vibrations  a  second,  there  will  be  2  augmentations  in 
the  second,  namely,  at  the  half  second,  when  the  first  note  has  completed  its  50th 
vibration,  and  the  second  has  completed  its  101st  vibration,  and  again  at  the  end  of 
the  second.  Accordingly  and  generally,  the  number  of  beats  heard  in  a  second, 
when  two  notes  are  sounded  together,  is  equal  to  the  difference  between  the  numbers 
of  vibrations  which  they  make  in  a  second.  Hence,  when  the  notes  are  very  nearly 
of  the  same  pitch,  differing  in  pitch  say  J,  1,  2,  3,  4,  5  vibrations  from  one  another 
per  second,  beats  are  heard  at  intervals  of  2,  1,  J,  $,  J,  £,  etc.,  seconds  apart ;  these 
can  be  distinguished  easily  by  the  ear,  and  impart  an  agreeable  additional  rhythm 
to  the  compound  sound.  If,  on  the  other  hand,  the  notes  differ  so  widely  in  pitch 
that  there  is  a  difference  of  say  100  or  200  vibrations  a  second,  there  are  100  or 
2 (JO  beats  a  second  which  cannot  be  distinguished  from  one  another,  and  which,  if 
heard  separately,  would  form  a  secondary  note.  Between  these  limits,  and  espe- 
cially when  the  difference  of  vibration  is  about  16  in  a  second,  the  beats  constitute 
a  harsh  rattle,  which  is  one  cause  of  dissonance.  The  discord  or  dissonance,  how- 
ever, between  two  notes,  does  not  wholly  depend  upon  the  number  of  beats  in  a 
given  time,  but  is  lessened  when  the  interval  heen  the  notes  is  increased. 

Bell.  (Anglo-Saxon,  bellan,  to  resound.J  A  hollow,  conical,  musical  instrument, 
which,  when  struck,  emits  a  sound.  A  bell,  acoustically  considered,  acts  like  a  disk 
during  vibration — that  is  to  say,  it  is  divided  into  a  certain  number  of  vibrating 
segments,  divided  by  nodes  or  points  of  comparative  rest  A  circular  bell  during 
vibration  alters  its  shape,  and  the  mouth,  instead  of  presenting  the  figure  of  a  cir- 
cle, is  alternately  an  ellipse  in  one  direction,  then  in  a  direction  at  right  angles  to 
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its  former  position.  A  bell  divides  itself  into  four  vibrating  segments,  separated  by 
four  nodes,  when  it  emits  its  deepest  note  ;  and  the  point  where  the  hammer  strikes 
the  surface  of  the  bell,  is  always  the  centre  of  a  vibrating  segment  If  a  bell  be 
placed  with  its  mouth  upwards,  filled  with  water,  and  then  caused  to  vibrate  by 
drawing  a  violin  bow  across  its  edge,  the  vibrations  are  indicated  by  ripples  on  the 
surface  of  the  water,  and  sometimes  spheres  of  water  are  projected  from  the  surface. 
By  using  warm  ether  or  alcohol  in  place  of  water,  M.  Melde  has  produced  some 
venr  beautiful  effects,  for  the  detached  spheres,  when  they  fall  agaiu  to  the  liquid 
surface,  do  not  immediately  coalesce  with  it,  but  roll  along  it  to  the  lines  of  rest. 
This  experiment  may  be  tried  with  a  finger-glass  or  tumbler. 

Bells  are  usually  made  of  an  alloy  consisting  of  80  parts  of  copper  and  20  of  tin, 
small  quantities  of  lead,  zinc,  and  sometimes  silver  have  been  added,  but  without 
an  increase  of  sonorousness.  The  number  of  changes  which  may  be  rung  on  a  given 
number  of  bells  increases  enormously  with  that  number.  Thus,  four  bells  produce 
24  changes,  while  six  bells  produce  720,  aud  twelve  bells  no  less  than  479,001,600 
changes. 

Bculatrix.    The  star  y  in  the  coustellation  Orion. 

Bell,  Diving.     See  Diving-bell. 

Bellows.  (Anglo-Saxon,  bylig,  a  bag.)  A  very  ancient  contrivance  for  pro- 
ducing a  blast  of  air.  It  consisted  in  its  rudest  form  of  a  bug  which  was  com- 
pressed, allowed  to  become  full  of  air,  agaiu  compressed,  aud  so  on.  Representa- 
tions of  bellows  have  been  found  among  some  of  the  earliest  Egyptian  sculptures, 
and  Sir  Gardiner  Wilkinson  believes  that  he  has  detected  a  valve  as  early  as  the 
time  of  Moses.  Ordinary  bellows,  as  now  used,  are  practically  leather  bags  which 
are  compressed,  then  expanded,  so  as  to  allow  air  to  enter  through  a  valve  opening 
inwards,  which,  on  compression  of  the  bellows,  allows  no  air  to  escape  save  through 
the  nozzle.  In  the  case  of  a  supply  of  air  for  large  furnaces,  the  hot-blast  for 
smelting  iron,  etc.,  a  blowing  machine  is  employed,  in  which  a  piston  works  in  a 
large  cylinder,  and  both  by  its  upward  and  downward  stroke  ejects  large  quantities  of 
air  from  the  cylinder  at  an  uniform  pressure  and  velocity. 

Belts.  A  name  applied  to  the  faintly-colored  streaks  crossing  the  disks  of  Saturn 
and  Jupiter.  The  belts  are  supposed  to  be  due  to  the  existence  of  clouds  in  the 
atmosphere  of  a  planet  Trade  winds,  resembling  those  which  we  are  acquainted 
with,  but  flowing  much  more  strongly,  on  account  of  the  more  rapid  rotation  of 
Jupiter  and  Saturn,  would  gather  these  clouds  into  zones.  These  cloud-zones 
would  appear  white  by  reason  of  the  high  reflective  power  of  the  clouds,  so  that 
the  space  between  them  would  appear  as  dark  belts.  It  has  not  perhaps  been 
sufficiently  considered  that,  despite  the  very  rapid  rotation  of  Saturn  and  Jupiter 
on  their  axes,  there  are  circumstances  which  would  render  unlikely  the  occur- 
rence of  trade-winds,  such  as  those  we  are  familiar  with.  In  the  first  place,  the 
enormous  distance  of  Saturn  and  Jupiter  from  the  sun  would  tend  to  diminish  the 
power  of  the  sun  to  excite  any  disturbances  in  the  atmosphere  of  either  planet, 
whether  by  the  difference  between  his  action  on  different  regions  of  that  atmosphere, 
or  by  the  evaporation  of  fluids  on  the  planets'  surface,  and  the  consequences  which 
might  follow  that  process,  as  when  it  takes  place  on  our  own  earth.  But  setting 
aside  this  consideration,  on  the  ground  that  peculiarities  in  the  atmospheres  of  these 
planets  may  tend  to  compensate  the  effect  of  the  sun's  distance,  there  remains  the 
tact  that,  owing  to  the  enormous  dimensions  of  the  two  planets,  the  variations  of 
temperature  between  places  separated  by  given  distances  in  Saturniau  or  Jovian 
latitude,  are  far  less  than  the  corresponding  variations  for  such  distances  on  our  own 
earth.  Suppose  that,  at  a  certain  place  on  the  earth,  the  air  is  so  many  degrees 
warmer  than  at  a  place  50  miles  farther  north,  as  to  lead  to  the  occurrence  of  atmos- 
pheric currents  of  a  given  degree  of  force,  then  places  on  Jupiter  (one  due  north  of 
the  other),  having  temperatures  differing  in  the  same  degree  would  be  separated  by 
more  than  500  miles.  It  is  clear  that  the  change  of  temperature  would  thus  take 
place  at  a  rate  relatively  so  small  that  the  resulting  atmospheric  currents  would  be 
relatively  very  feeble.  It  seems  difficult  to  conceive,  under  these  circumstances,  lhat, 
in  the  trade-winds,  astronomers  have  pointed  out  the  true  analogies  of  the  causes 
producing  the  belts  of  Jupiter  and  Saturn.  It  would  appear  more  likely  that  pro- 
cesses are  at  work  which  result  from  heat  inherent  in  the  masses  of  these  orbs. 

Benetnasch.    (Arabic)     The  star  17  in  the  constellation  Ursa  Major.     It  is  also* 
called  AlkauL 
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Benzidam.  A  synonym  for  Aniline,  now  obsolete.  See  Aniline. 
Benzoic  Acid.  An  organic  acid  crystallizing  in  colorless  transparent  laminae. 
When  pure  it  has  no  odor,  but  it  ordinarily  retains  some  of  the  odor  from  the  gum 
benzoin  from  which  it  is  prepared.  Its  formula  is  C7H6Cg,  it  fuses  at  121°  0.  (250° 
P.),  and  distils  over  at  294°  C.  (561°  F.)  It  is  slightly  soluble  in  water,  but  much 
more  so  in  alcohol  and  ether.  Benzoic  acid  unites  with  bases,  forming  a  well-crys- 
tallized series  of  salts  called  benzoates. 

Benzol.  A  limpid  colorless  oily  liquid  of  a  pleasant  odor,  insoluble  in  water, 
but  miscible  with  alcohol  and  ether.  Specific  gravity,  0.85 ;  boiling  point,  86°  C. 
(187°  P.)  At  0°  0.  (32°  F.)  it  freezes  to  a  white  mass  resembling  camphor.  It  is 
very  inflammable,  and  evolves  much  smoke  on  burning.  Composition  C„H6.  Benzol 
was  first  prepared  by  Faraday  by  the  destructive  distillation  of  benzoate  of  lime ; 
it  is  now  prepared  in  enormous  quantities  from  coal  tar  naphtha.  It  is  the  lowest 
term  of  a  series  of  homologous  bodies,  increasing  by  the  addition  of  CH2,  the  next 
term  being  toluol,  C7H8.  Benzol  forms  a  large  number  of  substitution-products. 
Nitrobenzol  is  formed  by  the  replacement  of  one  equivalent  of  hydrogen  by  one 
equivalent  of  N02,  its  formula  being  C6H5N20.  It  is  a  yellowish  oily  liquid,  having 
an  odor  of  bitter  almond  oil,  and  a  sweet  taste;  it  boils  at  220°  C.  (428°  F.); 
reducing  agents  convert  it  into  aniline. 
Beryllium.    See  Glucinum. 

Bessemer  Flame,  Spectrum  of  the.  The  intensely  brilliant  flame  which  issues 
from  the  mouth  of  the  Bessemer  converter  during  the  latter  stage  of  the  operation, 
has  been  submitted  to  spectroscopic  examination  by  Professor  Roscoe,  Professor 
Lielegg,  and  Dr.  W.  M.  Watts.  Professor  Roscoe  has  detected  in  the  flame  the 
elements  sodium,  potassium,  lithium,  iron,  carbon,  hydrogen,  and  nitrogen.  At  a 
certain  stage  of  the  "blow"  the  carbon  lines  suddenly  disappear,  and  experience  has 
shown  that  if  the  blast  of  air  is  turned  off  at  this  moment  the  best  results  will  be 
produced.  This  point,  which  formerly  could  only  be  ascertained  doubtfully  and 
after  much  experience,  is  now  detected  with  greatest  readiness  by  means  of  the  spec- 
troscope.    (See  Spectrum  ;  Spectrum  Analysis.) 

Bestiary.  (Bestia,  a  beast.)  A  name  given  in  old  works  on  astronomy  to  the 
Zodiac,  q.v. 

Betelgeux.  (Arabic.)  The  star  a  in  the  constellation  Orion.  It  is  a  noted 
ruddy  star.     Sir  John  Herschell  discovered  that  it  is  variable. 

Bevelled  Wheels.  (French,  biveair,  a  slant;  Spanish  bayvel.)  The  use  of 
bevelled  wheels  is  to  transform  motion  around  one  axle  into  motion  round  another 

axle  which  is  not  parallel  to  it.  Suppose  the  central 
line  of  the  two  axes  to  be  continued  till  they  meet, 
and  a  line  to  be  drawn  through  the  point  of  intersec- 
tion bisecting  the  angle  between  the  axes.  Imagine 
this  line  to  be  rigidly  connected  first  with  one  axis, 
and  then  with  the  other.  When  the  axes  revolve, 
two  cones,  touching  one  another,  will  be  traced  out 
by  the  bisecting  line.  If  the  surfaces  of  the  cones  be 
rough  the  revolution  of  one  will  produce  rotation  of 
the  other.  If  instead  of  using  tqe  whole  surface  of 
the  cones  we  place  teeth  along  circular  sections  of  the 
two  cones,  bevelled  wheels  will  be  formed.  The  sur- 
face of  the  teeth,  there  fore,,  form  part  of  the  surfaces 
of  cones  having  the  same  vertex.  As  an  illustration, 
consider  the  case  where  the  motion  is  required  to  be 
at  right  angles  to  that  already  produced.  Since  the 
axes  produced  would  meet  at  right  angles,  the  bisect- 
ing line  will  be  at  45°  with  each,  and  consequently 
the  teeth  on  the  bevelled  wheels  must  be  inclined  at 
an  angle  of  45°  to  the  axles,  instead  of  being  parallel 
to  them.  Thus  when  the  first  wheel  rotates  the  second 
will  revolve  regularly,  and  produce  motion  about  an  axle  at  right  angles  to  the 
first.  Bevelled  wheels  are  much  used  in  machinery  and  clockwork.  They  are  better 
adapted  than  crown  wheels  for  machines  performing  heavy  work.  (See  Toothed 
Gear.) 


Fig.  14. 
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Biaxial  Crystals,  Inclination  of  Optic  Axes  of.  See  Optic  Axis  of  Biaxial 
CrystaU,  Inclination  of. 

Bichromate  of  Potash.    See  Chromates,  Chromate  of  Potassium. 

Biela's  Comet.  A  comet  of  short  perhM  (see  Cornel),  remarkable  on  account 
of  the  near  Approach  of  its  orbit  to  the  earth's,  acid  to  tbe  orbit  of  Encke's  Comet 

1q.  o),  and  still  more  remarkable  as  having  divided  into  two  distinct  comets  111  1 846. 
d  1852  it  was  still  double.  In  1859  its  return  to  perihelion  was  not  observed,  owing 
to  tbe  unfavorable  position  of  the  earth.  In  ISGfi,  Ihe  epoch  of  its  last  calculated 
return  to  the  sun's  neighborhood,  this  comet  was  not.  discovered  by  astronomers,  who 
remain  anable  to  explain  its  apparent  disappearance  from  the  solar  system. 

Bifllar  Balance.    See  Balance,  Bifilar, 

Bile;  or,  Oall.  An  animal  liquid  contained  in  the  gall-bladder.  Specific  gravity 
about  1.02.  It  is  transparent  and  thick,  of  a  green  or  brown  color,  and  of  a  peculiar 
odor;  it  contains  a  resinous  matter,  coloring  matter,  fatly  acids,  and  choiesterin, 
together  with  mineral  constituents. 

Binary  Stan.     See  Stars,  Double,  etc. 

Binocular  Stereoscopic  Microscope.  {Binus,  two;  and  ocultts,  an  eye.)  It 
was  not  till  some  time  after  Sir  C.  Wheatstone's  discovery  of  the  stereoscope  that 
the  principle  of  binocular  vision  was  successfully 
applied  to  the  microscope.  The  first  instrument  of 
this  kind  was  made  by  Nachet  of  Paris,  but  his 
arrangement  is  now  superseded  by  Wenbam's  binocu- 
lar prism,  which  is  almost  universally  attached  to 
good  microscopes.  Professor  Smith  has  devised  a 
binocular  eye-piece  which  enables  stereoscopic  effects 
to  be  obtained  with  a  single  body  microscope,  whilst 
Wenham's  arrangement  requires  two  bodies.  The 
advantages  of  the  binocular  over  the  monocular 
microscope,  in  addition  to  the  effect  of  solidity  which 
it  confers  upon  the  objects,  are,  that  the  penetrating 
power  or  focal  depth  is  greatly  superior,  whilst  its 
employment  is  attended  with  very  much  less  fatigue 
to  the  eyes.  It  must  be  borne  in  mind  that  these 
advantages  are  only  met  with  in  the  stereoscopic 
binocular,  and  that  instruments  which  are  binocular 
but  not  stereoscopic,  i.  e.,  which  present  to  each  eye 
images  which  are  essentially  identical,  only  possess 
these   advantages   in   a   very   limited   degree.     (See 


Fig.  15. 


Microtcope,  Stereoscope^ 
Binocular  Vision.    The  pben 


. phenomena  of  binocular 

vision  have  been  fully  examined  by  Sir  Charles 
Wheatstone.  It  will  be  evident  on  a  little  thought 
that  a  solid  body  near  at  hand  is  seen  from  a  slightly 
different  point  of  view  by  the  right  eye  than  by  the 
left  eye.  If  one  eye  be  closed  the  effect  of  relief  and 
solidity  vanish,  and  Sir  0.  Wheatstone  discovered 
that  the  cause  of  tbe  sensation  of  solidity  was  due  to 
the  mental  onion  of  these  two  slightly  dissimilar 
images  OO  the  retinas.  The  stereoscope  is  an  instru- 
ment based  upon  this  fact.     (Sec  Stereoscope.) 

Bismuth.  A  metal  which  was  discovered  by  Agri- 
cola  in  1529.  Its  symbol  is  Bi.  and  its  atomic  weight  208.  It  frequently  occurs  in 
the  native  state  or  in  combination  with  sulphur,  and  is  extracted  by  heating  the 
mineral  in  inclined  tubes,  whence  the  nieiu!  flews  into  receptacles.  The  impure 
metal  ia  separated  from  sulphur  and  other  impurities  by  fusion  with  nitre.  Bismuth 
is  a  pinkisn-white  metal,  very  brittle,  and  highly  crystalline;  some  of  its  artificial 
CTTBtals  are  of  extreme  beauty  and  considerable  size.  Its  specific  gravity  is  9.83. 
It* melts  at  264°  C.  (507°  F.)  and  expands  in  solidifying.  It  is  neither  ductile  nor 
malleable,  but  may  be  readily  powdered.  Exposed  to  the  action  of  a  powerful 
magnet  it  is  repelled  from  the  poles,  being  diamagnetic.  The  following  are  its  most 
important  compounds : — 

Oxides  of  bismuth.    Tbe  principal  oxide  is  the  trioxide  (Bi.O .,),  which  is  formed 
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when  the  metal  is  heated  with  free  contact  of  air.  It  is  a  pale  yellow  powder. 
The  hydrated  oxide  (BiH03)  is  obtained  as  a  white  precipitate  on  adding  a  caustic 
alkali  to  a  solution  of  subnitrate  of  bismuth.  This  oxide  unites  with  acids,  forming- 
the  normal  salts  of  bismuth,  for  a  description  of  which  see  the  acids.  BismiUhic 
acid  (BivO.)  is  a  bright  red  powder,  forming  compounds  with  alkalies,  which  have 
only  been  imperfectly  investigated. 

Tri-chloride  of  bismuth  (BiCl3).  A  white  fusible  crystalline  substance  which 
is  decomposed  by  water  with  precipitation  of  oxychloride  of  bismuth  (BiCIO). 
This  a  pearly-white  insoluble  powder,  known  in  the  arts  under  the  name  of  pearl 
white. 

Sulphide  of  bismuth  (Bi2S3).  This  occurs  native,  being  known  as  bismuthine, 
and  it  may  be  prepared  artificially  by  fusing  powdered  bismuth  and  sulphur  together. 
It  is  a  lead-gray  crystalline  substance,  of  specific  gravity  6.5,  somewhat  brittle  and 
sectile.  This  compound  is  also  precipitated  as  a  brownish-black  powder  when  sul- 
phuretted hydrogen  is  passed  through  a  solution  of  a  bismuth  salt. 

There  are  several  organic  compounds  of  bismuth. 

Bissextile.  (Bis,  twice ;  and  sextilis,  sixth.)  The  name  given  to  every  year 
of  366  days.  The  length  of  the  year  being  a  little  less  than  365^  days,  Julius 
Caesar,  in  reforming  the  calendar,  arranged  that  in  every  fourth  year  February 
should  have  29  days  instead  of  28  ;  and,  to  avoid  inconvenience,  two  following  days 
of  the  lengthened  month  were  called  by  the  same  name.  The  day  thus  repeated  (so 
to  speak)  was  the  24th  of  February,  or,  according  to  the  Roman  nomenclature, 
sexto  calendas  Martii.  Hence  the  year  in  which  this  title  was  given*  to  two  suc- 
cessive days  received  the  name  bissextile.     (See  Leap  Year.) 

Black  Lines  of  the  Spectrum.    See  Fraunhofer's  Lines. 

Blast  Furnace.    See  Iron. 

Blast  Furnace  Gases.    See  Iron. 

Bleaching  Powder.     See  Chlorine,  Hypochlorites. 

Blood,  Absorption  Lines  in.  The  coloring  matter  of  blood  is  capable  of  exist- 
ing in  two  states  of  oxidation,  producing  different  absorption  bands  in  the  spectrum. 
Red  blood  gives  two  wide  somewhat  indistinct  bands  in  the  red  part  of  the  spec- 
trum, whilst  deoxidized  blood  gives  only  one  black  band  somewhat  intermediate  in 
position  with  the  other  two.  Professor  Stokes  has  termed  these  coloring  matters 
red  and  purple  cruorine.  By  the  action  of  an  acid  on  blood,  a  substance  called 
hcematin  is  produced,  which  gives  three  absorption  bands  in  the  red,  orange,  and 
green,  which  are  again  reduced  to  two  bands  by  deoxidizing  agents.  In  cases  of 
poisoning  by  the  inhalation  of  carbonic  oxide,  the  blood  is  found  to  give  another 
characteristic  set  of  bands  (see  Professor  Stokes's  paper,  Proc.  R.  S.  1864,  p.  355). 
(See  Absorption  of  Light,  Spectrum,  Spectrum  Analysis.) 

Blowpipe.  An  instrument  of  much  use  in  preliminary  chemical  (Examinations. 
It  consists  essentially  of  a  tube  about  seven  inches  long,  one  end  of  which  is  supplied 
with  a  mouth-piece,  whilst  the  other  is  bent  at  right  angles,  and  terminates  in  a  fine 
nozzle.  (See  Fig.  16.)  When  a  stream  of  air  is  blown  through  it  into  a  gas,  oil,  or 
spirit  flame,  a  long  narrow  dart  of  flame  is  produced  (see  Fig.  17)  which,  by  ad- 


Fig.  16. 


Fig.  17. 


justment,  will  present  the  appearance  of  a  clear  blue  cone  interiorly,  and  an  indis- 
tinct colorless  outer  envelope.  The  inner  flame  possesses  reducing  properties,  whilst 
the  outer  flame  is  oxidizing.  By  heating  small  portions  of  mineral  substances  on 
platinum  wire  or  charcoal  in  these  flames,  either  with  or  without  the  addition  of  re- 
agents, much  valuable  information  is  afforded  as  to  the  constituents  of  the  body 
under  examination.    Blowpipe  analysis  has  therefore  become  an  important  branch 
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of  analytical  chemistry ;  and,  owing  to  the  great  portability  of  all  the  apparatus, 
and  the  ease  and  rapidity  with  which  results  can  be  obtained,  it  is  invaluable  for  the 
travelling  chemist  and  mineralogist. 

Blowpipe,  Oxyhydrogen.     See  Oxyhydrogen  Blowpipe. 

Blue  VitrioL    8ee  Sulphates,  Copper. 

Bode's  Law.  The  name  given  by  astronomers  to  an  empirical  law  by  which  the 
distances  of  the  planets  seem  associated.  The  law  was  not  discovered  by  Bode,  how- 
ever, having  been  put  forward  before  his  time  by  Kepler  and  Titius. 

The  law  may  be  thus  exhibited :  Under  the  names  of  the  several  planets  in  the 
order  of  their  distance  set  the  number  4.  Then  below  this  row  of  fours  write  in 
order  the  numbers  0,  3,  6, 12,  24,  48,  and  so  on,  the  0  falling  under  Mercury,  the  3 
under  Venus,  and  so  on.  Adding  the  several  columns  thus  obtained,  we  obtain  the 
following  result : — 


Mercury. 

Venus. 

Earth. 

Hart. 

Art. 

Jupiter. 

Saturn. 

Uranus. 

4 

4 

4 

4 

4 

4 

4 

4 

0 

3 

6 

12 

24 

48 

96 

192 

4 

7 

10 

16 

28 

62 

100 

196 

Neptune. 


4 
384 
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The  numbers  thus  obtained  correspond  closely  with  the  relative  distances  of  the 
planets,  except  only  in  the  case  of  Neptune.  The  real  distances,  calliug  the  earth's 
distance  10,  are  as  follows : — 


Mercury. 
3.9 


Venus. 
7.2 


Earth. 
10 


Mars. 
15 


Ast. 
27.5 


Jupiter. 
52 


Saturn. 
95 


Uranus. 
192 


Neptune. 
300 


It  will  be  seen  that  the  distance  of  Neptune  falls  far  short  of  that  which  Bode's 
law  would  assign  to  a  trans-Uranian  Planet.  Under  Asteroids  and  Neptune  will 
be  found  a  reference  to  two  important  services  which  this  empirical  law  has  ren- 
dered to  astronomy. 

Similar  relations  have  been  detected  among  the  distances  of  the  satellites  of 
Jupiter  and  Saturn.  In  the  case  of  Jupiter's  system,  the  constant  number  is  7,  the 
number  multiplied  is  4,  and  the  constant  multiplier  2  J.  In  the  case  of  Saturn's  sys- 
tem, the  constant  number  is  4,  the  number  multiplied  is  1,  and  the  constant  multi- 
plier 2.        • 

It  has  been  remarked  by  Gauss  that  the  series  resulting  from  Bode's  law  is  not 
a  true  progression,  because,  inverting  the  added  numbers,  we  ought  not  to  have 
....  12,  6,  3,  0,  but  12,  6,  3,  1  J,  etc.  This  difficulty  may  be  removed  by  considering 
the  law  as  applying  only  to  the  distances  of  Venus,  the  earth,  etc.,  from  the  orbit 
of  Mercury.  So  considered,  these  distances  successively  increase  by  mere  doubling, 
and  the  law  becomes  not  only  complete,  but  much  simpler. 

It  seems  difficult  to  believe  that  a  law  so  well  marked,  and  fulfilled  so  closely  in 
so  many  instances,  is  not  in  reality  the  result  of  physical  relations  of  some  sort, 
though  it  is  by  no  means  easy  to  see  what  those  relations  may  be. 

Bohnenberger's  Electrometer,  or  Electroscope,  as  it  ought  to  be  called,  is  a 
common  single  gold-leaf  electroscope  (see  Electroscope),  to  which  is  added  a  pair  of 
dry  piles  placed  vertically  one  on  eacn  side  of  the  gold  leaf.  One  of  these  piles  has 
its  positive  end  uppermost,  and  the  other  its  negative  end.  They  are  furnished 
with  large  brass  knobs,  and,  by  means  of  a  screw  at  the  bottom  of  the  case  of  the 
instrument,  can  be  moved  parallel  to  themselves  nearer  or  farther  from  the  gold  leaf. 
"When  the  instrument  is  uncharged,  the  gold  leaf  hangs  down  between  the  knobs ; 
but  in  giving  it  the  slightest  charge,  it  is  attracted  by  one  of  the  piles  and  repelled 
by  the  other,  and  thus  moves  in  a  direction  which  indicates  at  once  the  nature  of 
the  charge  that  it  has  received. 

Boiler.    See  Steam-boiler. 

Boiling  Point.  The  boiling  point  of  a  liquid  is  the  temperature  at  which  the 
elastic  force  of  its  vajfor  is  equal  to  the  pressure  of  the  air,  or  other  surrounding 
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medium.  This  temperature  is  dependent  upon  various  causes  which  are  discussed 
under  the  heading  Ebullition.  The  following  table  of  boiling  points  and  densities 
has  been  condensed  from  that  given  by  Dr.  W .  A.  Miller  : — 

Table  of  Boiling  Points  op  Various  Substances. 


Namr  of  Bcbstavcb. 


Liqnid  snlphnrons  acid  . 
Aldehydo  .... 
Ether  .... 
Bisulphide  of  carbon 
Acetone  .... 
Bromine  .... 
Wood  spirit 

Alcohol     .... 
Benzole     .... 
Water       .... 
Butyric  ether  . 
Perchlorido  of  tin    . 
Terchlorlde  of  arsenic    . 
Bromido  of  silicon  . 
Terbromide  of  phosphorus 
Sulphuric  acid . 
Mercury   .... 


Boiling  Point 
Fahrenheit. 


17.60 
69.4 
94.8 
118.5 
133.3 
145.4 
149.9 
173.1 
176.8 
212.0 
238  3 
240.2 
273.0 
308  0 
347  5 
640.0 
662.0 


Specific  Gravity 
at  32°  P. 


0.8009 
0.7365 
1.2931 
0.S144 
S.1872 
0.8179 
0.8151 
0.8991 
1.0000 
0.9041 
2  2671 
2.2050 
2.8128 
2.9249 
1.8540 
13.5960 


Bolide,    (pofctj.  a  missle.)    See  Meteors,  Luminous. 

Bologna  Flask.     See  Prince  Rupert1  s  Drops. 

Bootes.  In  astronomy  (the  Herdsman),  one  of  Ptolemy's  northern  constellations. 
It  contains  the  bright  star  Arcturus,  and  the  singularly  beautiful  binary  star  Mirach, 
or  Epsilon  Bootes,  deservedly  named  by  Admiral  Smyth  Pulcherrima. 

Boracio  Acid.    See  Boron. 

Borax.    See  Boron. 

Boring  Tools.  Implements  used  to  ascertain  the  nature  of  the  materials  to 
be  excavated  previous  to  the  commencement  of  earthwork.  They  consist  of  the 
boring  tool  proper,  which  is  of  wrought  iron,  steeled  at  the  cutting  edges  and  points, 
and  about  3  feet  long ;  and  the  lengthening  rods,  which  are  square  bars,  usually 
about  10  feet  long,  and  terminated  by  screws,  so  that  they  can  be  conuected  to- 
gether, or  to  the  boring-tool  proper.  The  uppermost  rod  cau  be  attached  to  a  long 
horizontal  bar  about  6  feet  long,  driven  by  two  men,  and  also  to  a  block  and  tackle 
by  which  the  rods  may  be  hauled  up  when  required.  The  working  part  of  the  tool 
is  of  various  forms :  the  augur  whicn  is  used  for  all  ordiuary  earths  and  soft  rock  is 
a  cylinder  about  3£  inches  in  diameter,  with  an  open  sharp-edged  slit  along  one  side, 
and  slightly  contracted  at  the  lower  end,  which  sometimes  terminates  in  a  gimlet ; 
the  xoorm  is  a  sharp-pointed  spiral,  used  for  rock  too  hard  for  the  augur,  the  latter 
being  used  after  it  to  enlarge  the  bore  and  bring  up  the  fragments.  When  the  rock 
is  very  hard,  a  jumper  is  used — that  is,  a  kind  of  chisel  with  a  sharp  edge,  worked 
by  raising  it  a  short  distance  and  letting  it  drop,  turning  it  a  little  wTay  round  after 
each  blow.  Boring-machines  have  been  lately  used  extensively  for  driving  headings 
in  tunnelling  through  hard  rock.  The  most  remarkable  is  the  boring  apparatus 
used  in  making  the  tunnel  through  Mont  Cenis.  This  tunnel  is  8  miles  long,  and 
had  to  be  excavated  entirely  from  the  two  ends  without  the  aid  of  shafts.  The 
machinery  consists  of  a  number  of  horizontal  jumpers,  driven  at  the  rate  of  abont 
200  blows  per  minute  by  machinery,  moved  by  air  compressed  by  hydraulic  machin- 
ery near  the  outer  end  of  the  mine,  and  conveyed  into  the  mine  through  a  pipe. 
By  using  eight  jumpers  for  six  hours,  about  sixty  holes  of  3  feet  long,  and  lj  inch 
diameter,  are  made  in  the  face  of  the  rock,  and  are  used  for  blasting  with  gunpowder. 
By  this  means  a  mass  of  rock  was  removed  in  ten  hours  about  12  feet  broad,  from  7 
to  10  feet  high,  and  3  feet  deep. 

Boron.  A  non-metallic  element,  which  was  first  obtained  in  the  free  state  from 
boracic  acid  by  Gay-Lnssac  and  Thenard  in  1808,  and  immediately  afterwards  by 
Sir  Humphry  Davy.  In  the  amorphous  state,  it  is  a  dark  greenish-brown  powder, 
opaque,  free  from  taste  and  smell,  and  a  non-conductor  of  electricity  wheu  unignited; 
it  is  slightly  soluble  in  water ;  when  heated  to  about  300°  C.  (572°  F.)  it  burns  in 
the  air,  forming  boracic  acid.    Boron  also  exists  in  the  graphitoidal  form  as  well- 
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defined  six-sided  crystals,  perfectly  opaque,  and  of  a  semi-metallic  lustre.  An  ada- 
mantine or  diamond  boron  is  also  Known  in  the  form  of  quadratic  octahedrons, 
specific  gravity  2.63,  and  sometimes  as  hard  as  the  diamond,  and  of  a  scarcely  per- 
ceptible noney-yellow  color.  Boron  forms  compounds  with  all  the  other  elements, 
bat  the  only  ones  which  we  can  here  allude  to  arc  boracic  acid  and  the  borates. 

Boracic  Acid  (in  the  anhydrous  state  B208)  is  the  only  known  oxide  of  boron.  It 
is  a  colorless,  brittle,  glassy  mass  after  fusion,  of  specific  gravity  1.83.  It  melts  at 
a  little  below  redness.  It  dissolves  in  water  and  alcohol.  Its  alcoholic  solution 
burns  with  a  beautiful  green  flame  (the  same  color  being  produced  when  a  boron 
compound  is  heated  before  the  blowpipe),  and  crystallizes  from  its  aqueous  solution 
in  white  translucent  pearly  plates,  which  have  a  bitterish,  cooling  taste.  It  is  ob- 
tained principally  from  the  volcanic  district  of  Tuscany,  and  more  recently  from 
borax  lakes  in  California  and  other  parts  of  the  world.  Although  not  acid  to  test 
paper,  it  unites  with  bases,  and  forms  well-defined  salts  called  Borates.  The  only 
one  which  need  be  mentioned  here  is  the 

Biborate  of  Soda  or  Borax  ^NaBO.-B^Oj).  It  is  found  native  in  many  parts 
of  the  world,  and  in  the  crude  state  is  known  in  commerce  as  tincal.  In  the  pure 
state,  ordinary  borax  contains  ten  equivalents  of  water,  and  forms  large  transparent 
prisms,  which,  when  heated,  intumesce  considerably,  forming  a  bulky  white  spongy 
mass,  which,  at  a  red  heat,  fuses  to  a  colorless  clear  glass.  Borax  is  readily  soluble 
in  water,  forming  a  solution  which  has  a  slight  alkaline  reaction.  Owing  to  its  easy 
fusibility  and  its  property  of  forming  readily  fusible  compounds  with  other  metallic 
substances,  borax  is  of  great  use  in  the  arts  and  manufactures.  It  is  also  much  used 
as  a  blowpipe-test,  owing  to  its  forming  transparent  glasses  of  characteristic  colors 
when  melted  on  a  platinum  wire  loop,  with  small  quantities  of  compounds  of  cop- 
per, chromium,  cobalt,  iron,  manganese,  etc. 

In  its  chemical  characters,  boron  is  similar  to  silicon.  There  are  many  organic 
compounds  of  boron. 

Boronatrocalcite.  A  native  borate  of  calcium  and  sodium,  met  with  in  South 
America,  and  sometimes  used  as  a  source  of  boron  compounds.  Formula,  2  (NaCa, 
HAO,,)  +  15  aq. 

Borrowing  Days.  A  name  given  to  the  days  of  cold  weather  commonly  occur- 
ring from  about  the  11th  to  the  14th  of  April.  Before  the  change  of  style,  these 
days  belonged  to  the  beginning  of  April,  so  as  to  justify  the  following  lines,  often 
heard  in  North  Britain : — 

"  March  borrows  frae  April 
Three  days  and  they  are  ill : 
The  first  o*  them  is  wun*  an'  weet, 
The  second  it  is  snaw  and  sleet ; 
The  third  o*  them  is  a  peel-a-bane 
And  freezes  the  wee  bird's  neb  tae  stane." 

Boyle's  Law*  The  law  of  the  relation  between  the  pressure  and  volume  of  a  gas. 
It  states  that  if  the  temperature  remain  the  same,  the  volume  of  a  gas  varies  in- 
versely as  the  pressure.  The  experiment  by  which  the  law  was  proved  by  Boyle  and 
Marriotte,  will  serve  as  an  illustration.  Let  a  bent  tube  of  glass  be  taken,  closed  at 
one  end,  and  let  mercury  be  poured  into  the  open  end,  thus  separating  the  air  in  the 
closed  part  from  the  external  air.  When  the  mercury  is  just  sufficient  to  separate 
the  air,  it  stands  of  course  at  the  same  level  in  both  parts  of  the  tube.  Let  us  sup- 
pose the  mercurial  barometer  to  be  at  30  inches  when  the  experiment  is  tried,  then 
the  pressure  on  the  air  is  equivalent  to  that  of  30  inches  of  mercury.  Let  more 
mercury  be  poured  into  the  open  tube,  the  air  in  the  closed  part  will  be  compressed. 
but  the  levels  of  the  mercury  will  not  be  in  the  same  horizontal  line.  When  the 
mercury  stands  in  the  longer  arm  of  the  tube  at  30  inches  above  the  level  of  the 
shorter,  the  air  will  be  compressed  into  half  its  former  bulk.  It  is  now  under  a  pres- 
sure of  twice  30  inches  of  mercury  or  two  atmospheres,  and  the  space  occupied  is 
half  that  when  the  pressure  is  one  atmosphere.  If  the  level  of  the  mercury  in  the 
longer  arm  be  twice  30  inches  above  that  in  the  shorter,  so  that  the  whole  pressure 
is  three  atmospheres,  the  volume  of  the  compressed  sir  is  one-third  of  the  original 
volume,  and  so  on,  the  general  law  being  that  the  space  occupied  by  the  air  is  in- 
versely proportional  to  the  pressure.  The  law  may  be  also  stated  thus :  the  product 
of  the  volume  and  pressure  is  always  the  same. 
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century 

a  one-arch  bridge  over  the  Taffe  in  Glamorganshire,  built  in  1756  by  a  country  mason, 
William  Edwards.  It  is  the  segment  of  a  circle  whose  diameter  is  175  feet  The 
span  is  140  feet,  height  35  feet,  and  abutments  32  feet. 

Wooden  Bridges.  Very  durable  bridges  can  be  constructed  of  timber,  and,  when 
it  is  difficult  to  procure  stone  or  iron  for  the  purpose,  wooden  bridges  are  chosen  on 
the  ground  of  expense.  The  trusses  of  the  bridge  should  be  arranged  so  that  pres- 
sure is  transmitted  from  one  to  the  others,  as  is  the  case  with  the  parts  of  a  stone 
bridge,  so  that  instead  of  being  weakened  by  the  passage  of  heavy  loads  they  will 
become  stronger. 

Temporary  and  Movable  Bridges.  Temporary  bridges  are  frequently  made  by 
bracing  together  a  number  of  boats,  and  laying  planks  over  them.  The  bridge  built 
by  Darius  over  the  Hellespont  or  Dardanelles  to  pass  from  Asia  to  Europe  was  of 
this  kind,  and  surpassed  all  modern  military  bridges.  Portable  floating  vessels, 
termed  pontoons,  are  now  used  instead  of  boats,  in  constructing  military  bridges. 
The  pontoons  used  in  the  British  army  are  tin  cylinders,  with  hemispherical  ends, 
and  are  of  two  sizes,  one  being  22  feet  3  inches  long,  and  2  feet  8  inches  in  dia- 
meter ;  the  other  14  feet  9  inches  long,  and  1  foot  7  inches  in  diameter.  Draw- 
bridges, made  to  take  up  or  let  down,  as  occasion  serves,  before  the  gate  of  a 
town  or  castle,  were  much  used  in  the  fortifications  of  the  middle  ages.  It  is 
frequently  necessary,  in  navigable  rivers  and  docks,  to  make  bridges  which  can 
be  easily  moved.  Such  bridges  usually  cross  the  water  near  its  level,  are  made  of 
timber  or  iron,  and  are  capable  of  being  opened  so  as  to  leave  the  navigation  clear, 
and  closed  so  as  to  form  a  passage  for  a  road  or  railway.  There  are  five  kinds  of 
movement  used  with  these  structures  :  1.  By  turning  about  a  horizontal  axis.  2.  By 
turning  about  a  vertical  axis.  3.  By  rolling  horizontally.  4.  By  lifting  vertically. 
5.  By  floating  on  the  water.  Besides  having  the  strength  and  stiffness  required  in 
a  fixed  bridge,  a  movable  bridge  must  fulfil  some  other  condition.  If  it  turns 
about  an  axis,  it  must  be  balanced  so  that  its  centre  of  gravity  will  always  lie  in  the 
axis ;  if  it  rolls,  its  centre  of  gravity  must  always  lie  over  the  base  or  platform  on 
which  it  rolls. 

Suspension  Bridaes.  These  bridges  are  formed  by  suspending  between  two  piers 
a  cable  or  chain,  and  hanging  a  platform  from  it  by  means  of  vertical  rods. 

Suspension  Bridges. 


Rlrer  and  Place. 

Widest  Arch. 

Carre. 

Architect. 

Name. 

Span. 

Rise. 

Date. 

Menai 

Fribonrg. 

La  Roche  Bernard . 

Pesth 

Niagara  . 

Sea  orer  Henai  Straits  . 

Valley  at  Frlbourg 

Vilanse  at  La  Roche  Bernard 

Danube  at  Pesth 

St.  Lawrence  at  Niagara 

Ft.   In. 
570    0 
880    0 
6J0    4 
666    0 
821    4 

Ft.  In. 
42    0 
63    0 
00    0 
45    0 
75    0 

Deflection 
Deflection 
Deflection 
Deflection 
Deflection 

Telford 
Culley 
Lobluoe 
T.  Clarke 
Koebliug 

1820 
1S30 
18M 
1850 
1848 

Iron  Bridges.  The  first  iron  bridge  erected  in  England  was  that  built  over  the 
Severn,  near  Coalbrook-dale  in  Shropshire,  by  Abraham  Darley,  in  1780,  consisting 
of  one  arch  of  100  feet  span.  In  the  next  year  another  iron  bridge  was  built  over 
the  same  river  at  Buildwas,  and  a  third,  having  a  span  of  236  feet,  and  a  height  of 
60  feet  above  the  water,  was  built  at  Wearmouth  in  Durham. 
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Iron  Bridges  (Cast). 


Birer  and  Place. 

Widest  Arch. 

Curre. 

Architect 

Kane. 

Span. 

Rise. 

Date. 

Se«thwark 
Sanderlaiid 
Boildwas 
Tarescoa 
Westminster  . 
BtackfHars     . 

Thames  at  London 
Wear  at  Sunderland 
8erern  at  Build  was 
Rhone  at  Tmrascon 
Thames  at  London 
Thames  at  London 

Ft.  In. 
240    0 
240    0 
150    0 
204    4 
120    0 
200    0 

Ft.   In. 
24    0 
30    0 
27    0 
16    6 
13    0 
16    0 

8egment 

Segment 

Segment 

Segment 

Elliptical 

Segment 

Rennfe 

Wilson 

Telford 

Unknown 

Page 

Cubitt 

1818 
1796 
1816 
18.79 
1861 
1570 

Iron  Bridges  (Wrought). 


Rirer  and  Place. 

Widest  Arch. 

Curre. 

Architect. 

Fame. 

Span. 

Rise. 

Date. 

Britannia 
Baltash    . 
Victoria  . 
Cologne  . 

8ea  over  Menal  Straits  . 
Hamoaze  at  Plymouth  . 
St.  Lawrence  in  Canada 
Rhine  at  Cologne  . 

Ft.  In. 
4.18    3 
433    6 
330    0 
313    0 

Ft.  In. 

29  3k 

30  6 

31  8 
31    0 

Tubular 
Tubular 
Tubular 
Lattice 

Stepbenson 
Brunei 
Stephenson 
Unknown 

1850 
I860 
18.38 
1862 

Two  species  of  iron  bridges  have  been  used  to  secure  flat  ways  for  railroads. 
Bridges  of  the  first  kind  are  supported  by  iron-braced  girders,  which  are  either 
Warren  girders  (formed  like  the  letter  W  repeated  horizontally),  lattice  girders,  or 
bowstring  girders.  Examples  of  these  are  furnished  by  the  railway  bridges  over 
the  Thames  at  Charing  Cross,  Black  friars,  and  Cannon  Street.  Bridges  of  the 
second  kind  are  supported  by  tubular  girders,  and  are  therefore  termed  tubular 
bridges.  The  girders  are  hollow,  and  so  large  as  to  allow  the  traffic  of  the  bridge 
to  pass  in  the  interior.  They  are  composed  of  iron  plates  riveted  together,  forming 
mt  the  top  and  bottom  of  the  girder  rows  of  square  cells.  The  three  largest  bridges 
of  this  description  are  the  Britannia  Bridge  over  the  Menai  Straits,  the  Conway 
Railway  Bridge,  and  the  Victoria  Bridge  over  the  St.  Lawrence. 

Authorities  on  Bridges. — Gauthcy,  Traite  de  la  Construction  des  Ponts ;  Annales 
des  Ponts  et  ChaussSes.  Weale's  Bridges.  Smiles's  Lives  of  the  Engineers.  Ran- 
kine,  Applied  Mechanics.  Fairbairn.  On  Tubular  Bridges.  Clark,  On  the  Britannia 
and  Conway  Bridges.  Hodges,  On  the  Victoria  Bridge.  Stephenson,  On  Iron 
Bridges  in  the  Encyc.  Brit. 

Bridge,  Wheatstone's,  is  an  arrangement  for  comparing  the  electric  resistance 
of  wires.  There  are  several  forms  of  apparatus  for  the  purpose.  The  following 
description  will  illustrate  the  principle  of  all :  Imagine  four  thick  pieces  of  brass, 
each  provided  with  three  binding  screws,  and  placed,  insulated  from  each  other,  at 
the  angles  of  a  square.    Let  them  be  called 

A 

A,  B,  C,  and  D.    Thus  D      B.    Let  then  four  resistances  be  inserted  ;  two  of 

0 

thorn,  which  are  known,  between  A  and  D,  and  A  and  B ;  and  two,  which  are  to  be 
compared,  between  D  and  C,  and  B  and  C.  Let  the  terminals  of  a  battery  bo 
attached  to  B  and  D,  and  the  terminals  of  galvanometer  bo  attached  to  A  and  0. 
Now  the  current  will  divide  (see  Current,  Divided)  at  B  and  D,  and  flow  in  the 
two  circuits  BAD  and  BCD,  and  there  will  besides  be  the  wire  passing  round 
the  galvanometer,  in  which  a  current  might  flow  from  A  to  0,  or  from  C  to  A,  if 
there  were  any  electromotive  force  in  either  direction,  and  such  a  current  would  be 
indicated- by  the  galvanometer.  But  it  can  be  shown  that  there  will  be  no  such  an 
electromotive  force  unless  a  certain  ratio  exist  between  the  resistances  B  A,  A  D, 
D  C,  C  B,  unless  in  fact  the  proportion 

BA:AD::BC:CD. 
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holds,  and  that  if  this  proportion  holds  there  will  be  no  current.  Now,  if  either  B 
A  or  A  D,  the  known  resistances,  is  alterable,  we  can  put  in  resistance,  or  take  it 
out,  till  there  is  no  deflection  of  the  galvanometer.  By  this  means  we  readily  deter- 
mine the  ratio  of  B  C  :  C  D.  Lastly,  if  one  of  these  be  known  in  proper  units,  the 
other  likewise  becomes  known. 

British  Association  Unit.  The  unit  of  electric  resistance  determined  on  by  the 
Commitee  appointed  by  the  British  Association  for  the  advancement  of  Science,  to 
examine  into  the  question  of  the  units  of  electric  resistance.  (See  Resistance,  Units 
of  Electric.) 

British  Gum.    See  Dextrin. 

Brittleness.  (Anglo-Saxon,  bryttan,  to  break.)  The  property  of  easily  break* 
ing.  It  is  generally  possessed  by  hard  and  elastic  substances,  which  only  permit 
very  slight  displacement  of  their  particles  without  breaking.  It  is  a  property  not 
marked  out  by  definite  limit,  but  is  the  opposite  of  flexibility ;  so  that  bodies  which 
are  less  brittle  are  more  flexible ;  and  conversely,  as  bodies  become  more  brittle, 
they  are  less  flexible.  Steel,  after  being  heated  red-hot,  and  suddenly  cooled,  be- 
comes very  brittle  and  hard ;  but  if  very  slowly  cooled,  it  is  comparatively  soft  and 
flexible.  Glass,  though  very  elastic,  is  one  of  the  most  brittle  substances  known. 
(See  Flexibility,  Hardness,  Elasticity.) 

Bromal.  A  substance  produced  by  the  action  of  bromine  on  alcohol.  Formula, 
C2HBr30.  It  is  analogous  to  chloral,  and  is  a  transparent,  colorless  oil  of  specific 
gravity,  3.34.  It  possesses  a  peculiar  pungent  odor,  and  like  chloral  it  forms  a  hy- 
drate containing  two  atoms  of  water,  and  crystallizes  readily. 

Bromine,  (0pw/i*o$,  an  offensive  odor.)  A  .non-metallic  element  belonging  to  the 
chlorine  group.  It  is  a  liquid  of  a  deep  red-brown  color,  very  volatile,  and  of  a 
peculiar  irritating,  repulsive  odor.  Specific  gravity,  2.966.  It  solidifies  at  — 22° 
(-—7.6°  F.),  forming  a  hard  brittle  mass  of  a  lead  gray  semi-metallic  appearance. 
Boiling"  point,  58°  0.  (136°  R).  Symbol,  Br.  Atomic  weight,  80.  It  is  slightly 
soluble  in  water,  more  so  in  alcohol,  and  miscible  with  ether  in  all  proportions.  Its 
chemical  energies  are  very  powerful ;  it  unites  with  all  elementary  bodies,  forming, 
for  the  most  part,  well-marked  compounds  or  bromides.  Bromine  closely  resembles 
chlorine  in  its  properties,  being  the  second  term  of  the  chlorine,  bromine,  and  iodine 
group.  Bromine  forms  several  oxygen  compounds,  the  most  important  of  which  is 
Bromic  Acid  (HBrOs),  which  unites  with  bases  forming  bromates.  The  principal 
compound  of  bromine  is  the  hydrogen  compound,  or  hydrobromic  acid. 

Hydrobromic  Acid  (HBr)  is  a  colorless  gas,  having  a  very  pungent  odor.  It 
is  eagerly  absorbed  by  water,  forming  a  strongly  acid  solution  wnich  fumes  in  the 
air.  On  exposure  to  air  it  decomposes  slightly,  oxygen  being  absorbed  and  bromine 
separated.  Hydrobromic  acid  perfectly  saturates  bases,  forming  metallic  bromides, 
which  will  be  described  under  tneir  respective  headings. 

Brookite.     See  Titanium  Di-oxide. 

Brorsen's  Comet.    See  Comets. 

Bubbles.  The  term  bubble  is  applied  to  a  great  variety  of  different  conditions 
of  liquids  in  relation  to  gases.  We  shall  confine  ourselves  here  to  the  consideration 
of  the  sizes  of  bubbles  of  gas  formed  in  the  midst  of  a  liquid  medium.  For  further 
details  the  reader  is  referred  to  a  paper  by  the  author  of  this  article,  Proceedings 
R.  Soc.  xiv.  p.  22.  The  size  of  the  bubbles  is  measured  by  measuring  the  volume 
of  water  which  flows  out  of  an  aspirator,  which  draws  a  gas  in  the  shape  of  a  certain 
number  of  bubbles  through  a  liquid.  The  rate  at  which  the  bubbles  are  formed  has 
little  or  no  influence  on  the  bubble  size.  The  nature  of  the  gas  has  also  little  or  no 
effect,  the  bubbles  formed  under  like  conditions  of  nitrogen,  air,  carbonic  acid,  oxygen, 
and  hydrogen,  being  sensibly  the  same.  The  size  of  the  bubble  is  also  inappreciably 
altered  by  change  in  the  ordinary  atmospheric  temperature  and  pressure.  With 
regard  to  the  6ize  of  the  orifice  out  of  which  the  bubbles  issue,  it  is  found  that  the 
bubble  size  may  be  doubled  by  increasing  the  diameter  of  the  tube  five  times.  But 
this  relation  varies  with  the  actual  size  of  the  orifice.  The  chemical  nature  of  the 
liquid  is  of  great  influence  on  the  bubble  size.  In  our  series  of  experiments,  the 
bubble  size  of  air  through  several  media  was  the  following :  Mercury,  41.2 ;  glyce- 
rine, 11.46 ;  water,  8.60 ;  alcohol,  4.80 ;  turpentol,  4.53,  etc. 

Bunsen's  Galvanic  Battery,  (Fig.  18.)  In  this  battery  the  cells  consist  of  an 
outer  vessel  filled  with  dilute  sulphuric  acid,  in  which  is  placed  a  zinc  plate,  and 
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within  this  is  a  porous  cell  containing  strong  nitric  acid,  Fig.  18. 

and  having  a  prism  of  carbon  immersed  in  it.  It  is  Been 
thou  that  the  batter;  is  a  modification  of  Grove's  nitric 
acid  battery.  The  invention  of  Bunsen  consisted  in  making 
the  carbon  prism,  which  he  produces  by  pressing  together 
into  an  iron  mould  a  mixture  of  coke  dust  and  powdered 
coal,  and  then  heating  it  in  a  furnace.  A  mass  is  thus 
obtained,  which,  after  soaking  in  gas  tar,  possesses  high 
conducting  power.  Instead  of  these  prisms  it  is  usual  now 
to  employ  prisms  cut  from  the  hard  carbon  which  collects 
in  rods  of  gas  retorts.  The  chemical  reaction  which  takes 
place  in  the  Hansen  cell  is  the  same  as  that  in  the  Grove 
cell,  the  nascent  hydrogen  being  got  rid  of  by  the  decom- 
position of  tho  nitric  acid,  and  the  polarization  of  the 
conducting  or  carbon  plate  dne  to  its  presence  being  thus  avoided.  The  Bnnsen 
battery  possesses  the  great  advantage  of  cheapness  over  that  of  Grove. 

Bunnell's  Photometer  consists  essentially  of  a  screen  of  fine  writing  paper,  the 
transparency  of  the  central  portion  of  which  has  been  increased  by  being  saturated 
with  melted  spermaceti.  On  one  side,  at  a  distance  of  a  few  feet,  is  placed  the 
standard  light,  usually  a  sperm  candle  of  a  particular  make,  and  on  the  other  side 
the  light  whose  relative  intensity  is  to  be  ascertained.  The  two  lights  are  attached 
to  graduated  bars,  and  their  distances  from  tho  screen  altered  until  the  spots  of 
grease  on  the  paper  cease  to  bo  visible  when  viewed  from  either  side.  The  intensi- 
ties of  the  two  lights  will  then  be  to  one  another  aa  the  squares  of  their  distance 
from  the  screen.     (See  Photometry.) 

Buoyancy.  When  a  body  is  immersed  in  a  fluid  (liquid  or  gas)  and  exhibits  a 
tendency  to  rise,  it  is  said  to  be  buoyant.  For  the  cause  and  measure  of  buoyancy, 
aee  Displacement  of  Liquids  and  Specific  Gravity. 

Burning  Lent,  By  concentrating  the  sun's  rays  by  means  of  a  convex  lens  of 
short  focus  in  comparison  to  its  diameter,  the  heat  becomes  enormously  intensified. 
With  the  lens  constructed  by  Mr.  Parker,  a  sheaf  of  rays  three  feet  in  diameter  was 
concentrated  into  a  focus  of  half  an  inch  ;  at  this  point  plantinnm.  gold,  copper, 
quarts,  flint,  topaz,  garnet,  asbestos,  etc.,  were  melted  in  a  few  seconds.  A  lens  for 
burning  purposes  need  not  be  achromatic,  nor  constructed  with  that  extreme  pre- 
cision necessary  in  the  coso  of  astronomical  lenses.     (See  Lens.) 

Burning  Mirror.    See  Concave  Mirror. 

Butter  of  Antimony.    See  Antimony. 


Cable,  Capacity  of,  By  the  capacity  of  a  submarine  cable  is  understood  the 
property  which  it  possesses  of  accumulating  electricity  just  as  does  a  Leyden  jar. 
If  one  end  of  a  cable  be  "  cut,"  that  is,  disconnected  from  the  earth,  and  in  fact 
insulated,  and  if  one  pole  of  a  battery  be  applied  to  the  other  end,  the  second  bat- 
tery pole  being  put  to  earth,  a  current  is  found  to  flow  from  tho  buttery  into  the 
cable,  and  may  be  observed  by  means  of  a  galvanometer  placed  between  the  battery 
and  the  cable.  Again,  if  by  means  of  a  commutator  the  battery  be  cut  off  from 
the  cable,  and  the  cable  at  the  same  moment  put  to  earth,  a  current  will  be  found 
to  flow  out  of  the  cable,  showing  that  it  was  charged.  The  fact  is  that  a  submerged 
cable  acts  precisely  as  a  Leyden  jar;  the  conducting  wire  of  the  cable  takes  the 
place  of  one  coating,  the  water  that  of  the  other,  while  the  insulating  material  per- 
forms the  office  of  the  glass  or  other  non-conductor. 

The  inductive  effect  here  referred  to  is  of  very  great  importance  with  respect  to 
the  working  of  submarine  cables.  To  it  is  due  the  phenomenon  known  by  tho  name 
of  induct  ice  embarrassment  (which  see),  which  causes  both  delay  and  the  peculiar 
alow  exit  from  the  cable  of  the  signal.     (See  also  Electricity,  Velocity  of.) 

Cable,  Submarine,  is  the  whole  compound  rope  used  In  submarine  telegraphy. 
It  consists  essentially  of  the  conducting  wire  through  which  the  signal  is  sent,  and 
of  the  insulating  coating  which  prevents  electrical  communication  between  the  wire 
and  the  water  or  bottom  on  which  it  lies ;  and  around  the  insulator  there  is  always 
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an  exterior  coating  of  some  kind  to  prevent  the  destruction  of  the  insulator  both 
during  the  submersion  and  after  it.  We  shall  briefly  describe  the  construction  of  a 
cable.  Within  the  last  few  years  much  experience,  often  dearly  bought,  has  been 
gained  in  making  them ;  but  the  most  important  that  have  been  lately  submerged, 
namely  the  three  which  join  America  with  England  and  France,  and  those  which 
connect  India  with  England,  have  been  thoroughly  successful,  and  the  pattern  on 
which  they  are  made  is  now  very  generally  adopted. 

The  conductor  is  made  of  copper  wire  of  the  very  best  quality.  The  choosing  of 
the  wire  is  a  matter  of  the  highest  importance;  for,  as  Sir  W.  Ihomson  pointed  out 
in  1858,  very  great  differences  are  to  be  found  in  conducting  powers  of  various  spe- 
cimens of  copper  wire ;  differences  which  may  make  the  rate  of  telegraphing  40  per 
cent,  faster  or  slower  according  as  a  better  or  worse  wire  is  taken.  Matthiessen 
showed  that  pure  copper  wire  is  superior  to  all  alloys,  and  construction  companies 
now  reject  copper  wnose  conductivity  is  not  95  compared  with  pure  copper  taken  as 
100.  The  conductor  consists  of  several  wires  twisted  together  so  as  to  form  a  rope. 
Formerly  one  wire  was  used ;  but  a  number  of  wires  twisted  together  is  found  much 
preferable,  as  one  or  two  of  them  may  be  broken  without  any  damage  being  done  to 
the  cable,  whereas  a  single  thick  wire  parting,  as  it  frequently  does  at  a  brittle 
place,  completely  interrupts  communication.  In  small  cables  three  wires  are  twisted 
together  to  form  a  rope ;  in  a  large  one  seven  are  used.  In  the  Atlantic  cables  the 
gauge  of  the  strand  thus  formed  is  0.144  of  an  inch. 

The  insulator  consists  of  gutta  percha  and  Chatterton's  compound,  with  a  mixture 
of  pitch  and  resinous  matter.  The  wires  are  first  covered  with  Chatterton's  com- 
pound, and  the  interstices  between  them  filled  up  with  it ;  and  by  this  means  the 
passage  of  water  along  the  strand  is  prevented,  should  any  reach  it  by  accident. 
The  strand  is  then  passed  through  a  vat  containing  melted  gutta  percha,  and  is 
drawn  through  a  die  of  a  proper  size  so  as  to  lay  on  a  coating  of  the  required  thick- 
ness. After  this  three  layers  of  Chatterton's  compound  and  three  more  of  gutta 
percha,  are  applied  alternately  in  a  similar  manner.  The  gauge  of  the  core,  as  it 
is  called,  after  the  insulating  covering  was  applied,  was,  in  the  case  of  the  Atlantic 
cable,  0.454  of  an  inch.  The  covering  the  wire  by  means  of  several  successive  coat- 
ings is  of  great  importance ;  for  it  is  almost  impossible  to  put  ou  a  single  coating  of 
sufficient  thickness  so  that  the  wire  shall  be  in  the  middle  of  it,  and  there  is  great 
danger  in  doing  so  of  leaving  air  bubbles  within  it,  which,  being  penetrated  by  the 
water,  permit  the  copper  wire  to  be  exposed  to  it. 

In  order  to  protect  the  core  thus  formed  from  injury,  it  is  now  overlaid  with  wet 
tarred  hemp,  and  over  this  serving  of  hemp,  iron  wires  are  laid  spirally  along  the 
cable.  The  hemp  protects  the  core  from  injury  by  the  iron  wires,  and  the  iron  wires 
give  the  strength  to  the  cable,  which  is  necessary  during  the  paying  out  of  it  from  a 
ship,  and  which  prevents  its  being  cut  and  destroyed  by  rocks  and  unevennesses  of  the 
ocean  bed.  The  iron  wires  are  galvanized  to  protect  them  from  rust,  and  in  some 
cases  are  separately  covered  with  a  serving  of  hemp. 

Under  Atlantic  Telegraph  some  particulars  with  regard  to  the  most  important 
existing  cables  will  be  found. 

Cacodyl.     See  Arsenic. 

Cadet's  Fuming  Liquid.    See  Arsenic. 

Cadmium.  A  metallic  element  associated  in  nature  with  zinc,  discovered  inde- 
pendently by  Stromeycr  and  Hermann ;  atomic  weight,  56  ;  symbol,  Cd.  Cadmium 
is  a  soft  white  metal,  with  a  slight  bluish  color.  It  is  susceptible  of  a  high  polish, 
but  tarnishes  after  a  short  time.  It  is  highly  crystalline,  and,  when  bent,  crackles 
like  tin.  It  is  very  malleable  and  ductile ;  fuses  below  redness,  and  volatilizes  below 
the  boiling  point  of  mercury.  Cadmium  is  readily  soluble  in  dilute  acids,  and  forms 
well-defined  salts.  In  chemical  characteristics  cadmium  strongly  resembles  zinc, 
and  is  obtained  in  commerce  as  a  by-product  in  the  manufacture  of  this  metal.  The 
principal  compounds  are  the  following : — 

Protoxide  of  Cadmium.  Cdfi  anhydrous,  and  CdHO  in  the  hydrated  state. 
The  former  is  a  brownish-yellow  powder,  formed  when  cadmium  is  ignited  in  the  air. 
The  latter  is  a  white  precipitate,  obtained  by  adding  an  alkali  to  a  solution  of  cad- 
mium salt. 

Bromide  of  Cadmium  (CdBr).  A  beautiful  pearly  crystalline  compound,  formed 
by  the  direct  union  of  cadmium  and  bromine. 
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•  Chloride  of  Cadmium  (CdCO.  A  transparent  micaceous  crystalline  body  formed 
when  a  solution  of  cadmium  in  hydrochloric  acid  is  evaporated  and  crystallized ;  in 
thia  condition  it  contains  one  equivalent  of  water,  which  is  evolved  at  a  higher  tem- 
perature. 

Iodide  of  Cadmium  (CdlJ.  This  is  easily  prepared  by  the  direct  union  of  the  two 
elements  under  water  or  alcohol.  It  forms  large  transparent  six-sided  crystals  which 
melt  easily,  and  at  a  high  temperature  sublime,  with  partial  decomposition.  The 
three  latter  salts  are  much  used  in  photography,  on  account  of  their  solubility  in 
alcohol. 

Sulphide  of  Cadmium  (Cd\S)  occurs  native  as  the  mineral  Greenockite,  and  is 
prepared  artificially  by  passing  sulphuretted  hydrogen  through  a  solution  of  a  cad- 
mium salt.  It  is  an  orange-yellow  powder,  permanent  in  the  air,  and  unaffected  by 
atmospheric  impurities ;  hence  it  is  of  great  value  as  a  pigment,  known  under  the 
name  of  Cadmium  Yellow. 

CflBlum.  In  astronomy  (abbreviated  from  Ccela  Sculptoris,  the  sculptor's  tools), 
one  of  Lacaille's  southern  constellations. 

Ostium.  (Ccesius,  sky  blue.)  An  alkaline  metal  discovered  in  18C0  by  Kirch- 
hoff  and  Bunsen  by  means  of  spectrum  analysis  (which  see) ;  symbol,  Cs ;  atomic 
weight.  133.  In  its  chemical  qualities  the  compounds  of  caesium  are  closely  allied  to 
those  of  potassium.  One  of  the  most  important  characteristics  of  caesium  is  its  spec- 
trum reaction,  which  exhibits  two  blue  lines  close  together,  from  the  color  of  which 
the  name  is  derived. 

Caffeine ;  or,  Theine.  A  white  crystalline  substance  extracted  from  tea  or  cof- 
fee. It  separates  from  its  solutions  in  silky  needles,  which  have  a  slightly  bitter 
taste,  and  contain  C8Hl9N4Os+H.O.  Caffeine  melts  at  178°  C.  (352°  F.)  and  sub- 
limes without  decomposition  at  a  higher  temperature.  It  is  a  weak  base,  and  forms 
salts  with  acids. 

Cairngorm.    See  Quartz. 

Calamine,  Silicioiu.    See  Silicates,  Silicate  of  Zinc. 

Calo  Spar.    See  Iceland  Spar. 

Calcium,  The  metallic  basis  of  lime,  first  isolated  by  Davy  in  1808.  It  is  a  light 
yellow  metal  about  as  hard  as  gold,  very  ductile  ami  malleable,  and  possessing  a 
specific  gravity  of  1.5778.  It  rapidly  decomposes  water,  and  wheu  heated  burns 
with  a  very  bright  flash ;  atomic  weight,  20 ;  symbol.  Ga.  The  most  important  com- 
pounds are  the  following : — 

Oxide  of  Calcium,  or  Lime  (Ca,0).  In  the  anhydrous  state  this  oxide  is  known 
as  quick-lime,  and  is  prepared  by  heating  carbonate  of  lime  (limestoue  or  chalk)  in 
kilns,  the  mineral  being  mixed  with  coal.  The  carbonic  acid  passes  off  at  a  red 
heat,  and  lime  is  left  behind.  Pure  lime  is  a  grayish-white  porous  mass  of  specific 
gravity  2.3  to  3.0 ;  is  infusible  at  the  highest  heat  of  a  furnace ;  has  very  great 
affinity  for  water.  When  moistened,  lime  becomes  very  hot,  a  great  deal  of  steam 
is  evolved,  and  the  mass  soon  crumbles  to  a  dry  white  powder.  This  is  called  the 
flaking  of  lime.  Lime  containing  many  impurities,  sucn  as  silicates,  slakes  slowly. 
The  resulting  compound,  known  as  hydrate  of  lime,  or  slaked  lime  (CaHO).  is  a  soft 
white  powder  slightly  soluble  in  water,  and  crystallizing  from  its  aqueous  solution  in 
prisms;  the  whole  of  the  water  is  driven  off  at  a  red  heat;  the  solution  is  alkaline 
to  test  paper.  Lime  is  a  powerful  base,  and  saturates  acids,  forming  well-defined 
salts.     Its  uses  in  the  arts  are  very  numerous. 

Chloride  of  Calcium  (OaCl)  is  formed  by  neutralizing  lime  with  hydrochloric 
arid,  and  evaporating  to  dryness  and  heating  the  residue.  It  forms  a  white  porous 
mass,  which  attracts  water  greedily,  and  is  of  great  use  in  laboratories  for  drying 
liquids  and  gases.  It  crystallizes  with  three  equivalents  of  water  in  six-sided 
prisms. 

Fluoride  of  Calcium  (CaF).  This  is  met  with  abundantly  in  nature,  as  Fluor- 
tpar,  frequently  crystallized  in  large  cubes.  It  is  transparent,  and  occurs  white, 
purple,  pink,  etc,  and  when  in  large  masses,  is  of  great  value  for  ornamental  pur- 
poses. It  also  occurs  in  minute  quantities  in  the  teeth  and  bones  of  animals.  It  is 
much  used  as  a  flux  in  metallurgical  operations. 

Phosphide  of  Calcium.  A  dull  brown  mass,  prepared  by  passing  vapor  of  phos- 
phorus over  red-hot  lime.  The  formula  of  the  compound  is  not  well  ascertained. 
When  thrown  into  water  it  decomposes  with  evolution  of  phosphuretted  hydrogen, 
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the  babbles  of  which  take  fire  spontaneously  on  coining  into  contact  with  air  or 
oxygen  gas. 

Calendar.  ( Calendariwm,  from  the  obsolete  verb  calo,  to  call.)  A  distribution 
of  time  according  to  years,  seasons,  months,  weeks,  etc.,  according  to  the  usages  or 
wants  of  civil  life.  » 

The  year,  or  period  of  the  sun's  apparent  revolution  around  the  sidereal  heavens, 
is  the  basis  of  ail  modern  calendars.  The  day,  or  period  of  the  sun's  apparent  revo- 
lution with  the  sidereal  heavens  around  the  earth,  is  the  principal  subdivision.  The 
year  is  measured  with  reference  to  the  return  of  the  seasons,  the  day  with  reference 
to  the  average  interval  separating  successive  returns  of  the  sun  to  the  meridian. 
But,  in  forming  a  calendar,  account  has  to  be  taken  of  the  fact  that  the  year  does 
not  contain  an  exact  number  of  days,  but  365d.  5h.  48m.  49.6s. 

This  would  not  be  the  place  to  enter  into  a  full  account  of  the  various  processes 
by  which  men  have  gradually  made  the  calendar  correspond  more  and  more  closely 
with  the  actual  relations  presented  by  the  astronomical  year.  It  will  be  sufficient 
to  refer  the  reader  to  the  full  treatment  of  the  subject  by  Professor  de  Morgan  in 
the  Companion  to  the  Almanac,  1845,  and  to  Sir  J.  IlerscheFs  account  in  his  Out- 
lines of  Astronomy.  What  more  immediately  concerns  us  here  is  the  relation  be- 
tween the  calendar  at  present  in  use,  called  the  Gregorian,  and  that  devised  by 
Julius  Caesar. 

In  the  Julian  year,  as  in  the  more  ancient  calendars,  the  month  was  used  as  a 
convenient  subdivision,  twelve  months  being  included  in  the  year,  because  the  year 
more  nearly  contains  twelve  than  any  other  number  of  exact  lunations.  The  several 
months  contained  as  many  days  as  according  to  our  modern  use.  Thus  the  ordinary 
year  contained  365  days.  Every  fourth  year  contained  366  days  (see  Bissextile), 
and  no  further  arrangement  was  made  to  bring  the  civil  year  into  accordance  with 
the  actual  length  of  the  astronomical  year.  Thus  four  years  contained  1461  days, 
instead  of  1460d.  23h.  15m.  0.18s ;  so  that,  supposing  the  Julian  year  to  be  exactly 
accordant  with  the  progress  of  the  seasons  at  some  fixed  epoch,  the  several  dates 
would  gradually  fall  more  and  more  in  advance  of  the  seasons,  the  amount  of  error 
being  about  44 J  minutes  in  four  years,  lh.  29Jm.  in  eijrht  years,  and  so  on ;  or 
with  sufficient  approximation  we  may  take  error  to  be  three-quarters  of  an  hour  in 
four  years,  and,  therefore,  one  day  in  about  128  yws  (more  exactly  128.88  years.) 

It  followed  that,  as  centurj  after  century  passed,  the  equinoxes  and  solstices  fell 
gradually  away  from  their  true  dates,  occurriug  rather  more  than  three  days  too  late 
in  the  calendar  year  at  the  end  of  the  fourth  century,  more  than  six  days  too  late 
at  the  end  of  the  eighth  century,  and  so  on. 

It  was  to  correct  this  state  of  things  that  the  calendar  now  in  use  was  devised  by 
Pope  Gregory  XIII.  It  differed  only  from  the  Julian  in  making  all  the  years 
divisible  by  100,  but  not  by  400,  common  years.  It  thus  provided  for  the  omission 
of  3  days  in  each  400  years,  as  compared  with  the  Julian  calendar.  Now  we  have 
seen  that  in  128.9  Julian  years  there  was  1  day  too  many,  or  3  days  too  many  in 
386.7  years ;  so  that  the  Gregorian  calendar  only  leaves  uncorrected  in  400  years 
the  amount  of  error  which  had  before  accrued  in  13.3  years.  By  a  further  arrangement 
dropping  the  extra  day  belonging  to  the  years  4000,  8000,  etc. — that  is,  by  making 
these  years  common  years,  the  Gregorian  calendar  would  further  provide  for  an  error 
equivalent  to  that  arising  in  133  Julian  years,  a  correction  of  1  day,  which  would 
cause  an  over-correction  in  4000  years,  corresponding  to  the  error  which  actually 
accrues  in  4  Julian  years — that  is,  corresponding  to  about  three-quarters  of  an  hour. 
This  improvement  we  may  safely  leave  to  a  remote  posterity,  an  arrangement  which 
causes  an  error  of  less  than  a  day  in  4000  years  being  sufficiently  exact  for  all  the 
purpose  which  a  calendar  is  intended  to  subserve. 

When  the  Gregorian  calendar  was  first  introduced  into  Catholic  countries  in  1582, 
10  days  had  to  be  dropped.  All  the  Protestant  countries  except  England  adhered 
to  the  old  style  till  the  year  1700,  when  the  correction  was  still  effected  by  a  change 
of  10  days  only,  the  year  1600  being,  according  to  the  Gregorian  calendar,  bissex- 
tile. But  England  maintained  the  old  style  till  1752,  and  then  the  correction  in- 
volved the  omission  of  11  days,  the  day  following  September  2d  being  called  the 
14th,  instead  of  the  3d  of  that  month.  Russia,  and  all  countries  in  communion  with 
the  Greek  Church,  still  maintain  the  old  style ;  and,  should  they  adopt  the  new  style 
before  1900,  will  have  to  omit  twelve  days;  after  1900,  and  before  2100,  the  correction 
will  be  13  days. 
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Calippio  Period.    See  Cycle. 

Calms,  Region  of.  A  belt  about  4°  or  5°  in  breadth,  extending  across  the 
Atlantic  and  the  Pacific,  somewhat  variable  in  position,  lying  in  about  25°  N.  lat. 
in  July,  and  travelling  thence  to  about  25°  8.  lat  in  January.  It  is  generally 
parallel  to  the  equator.    The  barometric  pressure  over  this  region  is  low. 

Calomel.    See  Mercury;  Chlorides. 

Oaloreecence.  ( Color,  heat.)  A  term  introduced  by  Professor  Tyndall  to  designate 
the  transmutation  of  invisible  heat  rays  into  rays  of  higher  refrangibility ,  that  is,  into 
visible  rays.  Sir  William  Herschel  discovered  the  fact  that,  beyond  the  red  end  of  the 
spectrum,  there  are  invisible  heat  rays  of  great  intensity.  Suppose  a  sunbeam  is 
caused  to  pass  through  a  prism,  it  is  split  up  into  rays  of  different  refrangibility, 
occurring  in  the  order  of  violet,  indigo,  blue,  green,  yellow,  orange,  red.  This  ex- 
periment constitutes  the  so-called  decomposition  of  white  light,  and  was  first  made 
by  Newton.  Sir  W.  Herschel,  in  passing  a  delicate  thermometer  through  the  vari- 
ous portions  of  the  spectrum,  found  that  the  temperature  gradually  rose  as  it  passed 
from  the  violet  to  the  red  end,  and  the  red  was  found  to  be  the  hottest  portion.  He 
then  moved  his  thermometer  into  darkness  beyond  the  red,  and  found  an  indication 
of  a  considerable  amount  of  heat — in  fact,  a  great  amount  than  had  been  found  in 
any  part  of  the  visible  spectrum.  It  was  thus  clearly  demonstrated  that  invisible 
heat  rays  accompany  the  visible  light  rays  emitted  from  the  sun.  The  relationship 
of  the  teat  spectrum  to  the  light  spectrum  has  been  determined  by  Sir  W.  Herschel 
and  Professor  Miiller  in  the  case  of  the  solar  spectrum,  and  by  Professor  Tyndall  in 
the  case  of  the  spectrum  of  the  electric  light.  (See  Heat  Spectrum.)  The  last 
mentioned  physicist,  in  attempting  to  sift  the  luminous  from  the  calorific  rays  of  the 
total  radiation  from  the  voltaic  arc,  tried  various  substances  with  a  view  of  finding 
something  which  should  cut  off  the  whole  of  the  light,  and  allow  the  heat  to  pass. 
He  ultimately  decided  on  using  a  solution  of  iodine  in  bi-sulphide  of  carbon.  The 
bisulphide  alone  was  found  to  absorb  only  5.2  per  cent  of  the  heat  rays  passing 
through  it ;  and  when  iodine  was  added  until  the  solution  was  perfectly  opaque,  the 
absorption  of  heat  was  scarcely  increased,  while  the  absorption  of  light  was  com- 
plete. When  a  beam  of  light  from  the  sun,  or  from  the  electric  lamp,  was  passed 
through  a  layer  of  this  opaque  solution,  and  concentrated  by  a  lens,  the  dark  heat 
rays  were  brought  to  a  focus,  at  which  intense  calorific  effects  were  manifested ; 
black  paper  was  instantly  set  on  fire,  gunpowder  and  gvn-cotton  were  exploded,  and 
thin  plates  of  tin  and  zinc  fused.  At  the  dark  invisible  focus,  carbon  was  brought 
to  incandescence,  and  caused  Hb  burn  vividly ;  blackened  silver-leaf  was  brought  to 
a  red  heat,  copper  was  melted,  and  platinized  platinum  rendered  incandescent.  It 
was  necessary  in  these  experiments  to  blacken  bright  surfaces  exposed  to  the  focus 
of  dark  heat,  otherwise  the  reflection  of  heat  would  have  been  so  considerable  that 
the  substance  would  not  have  absorbed  a  sufficient  amount  to  raise  it  to  a  red  heat. 
Here,  by  ultra-red  invisible  heat  rays,  Tyndall  raised  metals  to  incandescence — that 
is,  they  emitted  light  of  their  own — and  we  perceive  at  once  that  this  is  virtually  a 
transformation  of  invisible  ray&anto  visible  rays.  The  ultra-red  rays  possess  low 
refrangibility ;  the  vibrations  which  produce  them  are  long,  and  move  too  slowly  to 
produce  in  us  the  sensation  of  vision  ;  they  fall  as  dark  invisible  heat  on  the  plati- 
num, or  other  metal  raised  to  incandescence,  and  they  leave  it  as  light ;  the  slow 
vibrations  have  become  quicker,  the  long  waves  have  become  shorter,  the  refrangi- 
bility has  been  raised.     This  change  of  heat  rays  into  light  rays  is  calorescence. 

The  transmutation  is  complete.  The  invisible  heat  rays  are  not  converted  into 
light  of  one  kind,  for  when  a  piece  of  white  hot  platinum  is  examined  by  means  of 
a  prism,  a  complete  spectrum  is  obtained — in  a  word,  the  heat  rays  of  low  refrangi- 
bility are  converted  into  light  rays  of  all  refrangibilities.  A  detailed  account  of  the 
experiments  in  connection  with  this  subject  will  be  found  in  Tyndall's  Heat  Con- 
sidered as  a  Mode  of  Motion,  and  in  his  various  memoirs  in  the  Philosophical 
Transactions,    (See  also  Obscure  Heat ;  Heat  Spectrum.) 

Calorie.  Heat,  regarded  as  a  species  of  matter,  was  for  a  length  of  time  called 
caloric  Fourcroy,  in  speaking  of  the  cause  of  it.  says,  "  Some  have  considered  it 
merely  as  the  consequence  of  motion  excited  among  the  particles  of  bodies,  while 
others  have  attributed  it  to  a  self-existent  body ;  and  chemists,  who  study  its  pro- 
gress, determine  to  a  certain  point  its  quantity,  or  at  least  its  proportion  in  different 
systems  of  bodies  compared  together,  and  even  estimate  its  various  attractions,  have 
a  thousand  means  of  accumulating  the  proofs  of  the  second  opinion.  It  is  to  them. 
8 


H4  CALORIE. CALORIMETRY. 

that  the  term  Caloric  owes  its  origin,  which  they  have  adopted  to  distinguish  the 
body  that  produces  the  sensation,  from  the  sensation  itself,  or  the  heat  excited." 
This  passage  occurs  in  the  most  extensive  work  on  chemistry  which  existed  at  the 
commencement  of  this  centnry,  and  it  serves  to  show  how  completely  at  that  date 
the  science  of  heat  was  associated  with  chemistry ;  that,  in  fact,  heat  had  no  sepa- 
rate existence  as  a  distinct  science,  and  that  hence,  as  we  have  endeavored  to  show 
elsewhere,  it  is  among  the  youngest  of  the  sciences.    (See  also  Heat.) 

Calorie.  ( Color,  heat.)  A  term  used  by  the  French  to  designate  the  unit  of 
heat  which  they  adopt.  It  is  the  amount  of  heat  necessary  to  raise  I  kilogramme 
(2.2046215  lbs.  avoirdupois)  of  water  one  degree  centigrade  in  temperature; 
strictly  from  0°  to  1°  C.  A  calorie,  when  converted  into  mechanical  force,  is  com- 
petent to  raise  a  weight  of  I  kilogramme  to  a  height  of  425  metres  (one  metre  is 
equal  to  3.2808992  feet),  and  conversely  the  fall  of  1  kilogramme  through  a  space 
of  425  metres  represents,  as  heat,  one  calorie.  (See  Mechanical  Equivalent  of 
Heat ;  Unit  of  Heat) 

Calorifio  Capacity.    See  Specific  Heat. 

Calorimeter.     See  Calorimetry. 

Calorimetry .  ( Color,  heat ;  fiet pio,  to  measure.)  In  discussing  the  thermometer 
and  its  use,  we  have  mentioned  that  it  indicates  relative  not  absolute  amounts  of 
heat ;  it  shows  the  condition  of  a  body  in  regard  to  sensible  heat,  that  is,  the  tem- 
perature of  the  body,  but  the  real  amount  of  heat  absorbed  or  emitted  by  a  sub- 
stance cannot  be  determined  by  thermometrical  means.  Calorimetry  is  that  branch  of 
the  science  of  heat  which  treats  of  the  absolute  measurement  of  heat,  and  the  instru- 
ments employed  for  such  determinations  are  called  Calorimeters,  The  existence  of  two 
such  terms  as  Thermometry  and  Calorimetry,  in  the  same  science,  is  undoubtedly  un- 
fortunate, because,  as  far  as  their  derivation  is  concerned,  they  might  both  apply  to  the 
same  classes  of  phenomena.  The  thermometer  was  invented  and  named  before  calori- 
metry had  been  even  thought  of,  and  when  the  latter  came  to  be  practised,  it  was 
thought  that  no  term  which  did  not  express  the  measurement  of  neat  could  with 
any  justice  be  applied  to  determinations  of  absolute  quantities  of  heat,  and  the  only 
convenient  term  remaining  was  calorimetry.  It  would  be  preferable  to  call  the 
thermometer  a  themwscope,  and  the  calorimeter  a  thermometer,  but  it  is  unlikely 
that  the  latter  term,  from  its  comparative  antiquity,  will  ever  cease  to  be  used  in  its 
present  form. 

For  the  exact  measurement  of  heat  some  unit  is  requisite,  and  by  reference  to  the 
article  entitled  Unit  of  Heat,  it  will  be  seen  that  three  forms  of  thermel  unit  are 
employed :  to  wit,  the  amount  of  heat  necessary  to  raise  1  lb.  of  water  from  32°  to 
33^  F. ;  or  the  amount  necessary  to  raise  1  lb.  of  water  from  0°  to  1°  C. ;  or  again, 
the  French  unit  or  Calorie,  viz.,  the  amount  of  heat  necessary  to  raise  1  Kilo- 
gramme of  water  from  0°  to  1°  C.  The  absolute  quantity  of  heat  absorbed  or  given 
out  by  a  substance  in  passing  through  a  given  range  of  temperature  compared  with 
that  absorbed  or  given  out  by  water  under  similar  conditions  is  called  its  specific 
heat  (which  see) ;  we  have  here  to  examine  the  various  methods  by  which  specific 
heat  is  determined,  iu  other  words  the  various  processes  of  calorimetry. 

Three  principal  methods  are  employed  for  the  determination  of  specific  heat.  In 
the  first  the  heat  is  measured  by  tne  amount  of  ice  which  it  melts ;  in  the  second, 
known  as  the  method  of  mixtures,  bodies  of  different  temperatures  are  mixed  with 
water,  and  the  heat  calculated  from  that  of  the  mixture;  and  in  the  third,  or 
method  of  cooling,  the  heat  is  determined  by  noticing  the  time  which  a  body  re- 
quires to  cool. 

1.  Determination  of  Specific  Heat  by  Fusion  of  Ice. — The  first  and  rudest  form 
of  calorimeter  was  a  block  of  ice  containing  a  cavity  covered  by  a  lid  of  ice ;  a 
known  weight  of  the  substance  to  be  examined,  at  a  known  temperature,  was  placed 
in  the  cavity,  and  when  it  had  cooled  down  to  the  temperature  of  the  surrounding 
ice,  it  was  removed,  aud  the  cavity  was  wiped  dry  by  a  weighed  cloth,  which,  on 
being  again  weighed,  obviously  gave  the  weight  of  water  resulting  from  the  fusion 
of  the  ice  by  the  substance  introduced.  This  calorimeter  was  employed  by  Black 
and  Wilke ;  it  was  greatly  improved  by  Lavoisier  and  Laplace,  and  used  by  them 
for  the  determination  of  the  specific  heat  of  a  number  of  substances.  The  instru- 
ment in  its  improved  form  is  Known  as  the  Ice  Calorimeter,  and  consists  of  three 
concentric  vessels,  in  the  innermost  of  which  the  substance  whose  specific  heat  is 
to  be  determined  is  placed,  the  surrounding  vessel  is  filled  with  ice,  and  is  provided 
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with  a  tap  for  drawing  off  the  water,  while  the  outermost  vessel  also  contains  ice, 
and  is  for  the  purpose  of  preventing  the  melting  of  ice  in  the  intermediate  vessel, 
by  other  means  than  the  heat  of  the  warm  substauce  in  the  central  vessel.  The 
chief  objection  to  this  instrument  is,  that  the  actual  quantity  of  water  resulting 
from  the  fusion  of  the  ice,  cannot  be  actually  determined,  because  some  remains  in 
contact  with  the  nnmelted  ice. 

2.  Method  of  Mixtures. — Accordiug  to  this  method,  a  known  weight  of  the  sub- 
stance whose  specific  heat  is  to  be  determined,  is  heated  to  a  known  temperature, 
and  is  then  immersed  in  a  known  weight  of  cold  water,  the  precise  temperature  of 
which  is  noted.  The  temperature  which  results  from  the  immersion  of  the  warm 
body,  when  both  it  and  the  water  possess  the  same  temperature,  is  then  observed, 
and  the  specific  heat  of  the  immersed  substance  calculated  therefrom. 

3.  Method  of  Cooling. — When  equal  volumes  of  different  substances  at  the  same 
temperature  are  allowed  to  cool  under  precisely  similar  conditions,  the  rate  of  cool- 
ing is  found  to  varv  considerably.  It  has  been  fonud  that  equal  weights  of  different 
bodies  cool  through  the  same  number  of  degrees  of  temperature  in  times  which  are 
directly  as  their  specific  heats,  hence  the  application  of  this  method  to  such  determi- 
nations. It  has  been  chiefly  employed  by  l)ulong  and  Petit,  and  by  Regnault.  (See 
also  Specific  Heat.) 

Calotype  Process.  (xofco*,  beautiful,  and  *v*o$,  a  representation.)  The  name 
given  by  Mr.  Fox  Talbot  to  the  photographic  process  first  discovered  by  him.  It 
consisted  essentially  in  soaking  good  writing-paper,  first  in  iodide  of  potassium  solu- 
tion, then,  after  drying,  in  a  mixture  of  nitrate  of  silver  solution,  acetic  acid,  and 
gallic  acid,  in  a  dark  room,  and  exposing  it  to  the  luminous  image  in  the  camera  for 
a  space  of  time  varying  from  a  fraction  of  a  minute  to  half  an  hour  or  more.  After 
exposure  the  paper  is  again  soaked  in  a  solution  of  nitrate  of  silver  and  gallic  acid, 
when  the  latent  image  gradually  makes  its  appearance,  and  is  fixed  by  bromide  of 
potassium  or  hyposulphite  of  soda  solution.  This  image  i6  called  a  negative,  and 
has  the  light  and  shadow  reversed.  To  procure  from  it  a  positive,  having  the  light 
and  shade  as  in  nature,  it  is  placed  over  a  sheet  of  sensitive  chloride  of  silver  paper 
and  exposed  in  a  pressure  frame  to  sunshine.  The  paper  is  then  washed  and  the 
image  nxed  with  hyposulphite  of  soda.  The  process,  of  which  the  above  is  an  out- 
line, is  historically  interesting  as  being  the  first  practicable  photographic  process 
discovered.  It  is,  however,  now  superseded  by  the  collodion  process,  although  for 
brilliancy  of  effect  and  artistic  appearance  some  of  the  early  calotype  pictures,  espe- 
cially when  of  large  size,  have  never  been  surpassed.  This  is  also  called  the  Talbo- 
type  process.     (See  Photography.) 

Cameleopardalifl.  (In  astronomy,  The  Giraffe.)  One  of  the  constellations 
added  by  Hevelius  to  the  northern  star  groups.  It  belongs  to  a  region  of  the 
heavens  in  which  stars  are  but  sparsely  distributed.  It  would  be  well  if  the  in- 
convenient name  of  this  constellation  were  exchanged  in  favor  of  Camelus  (the 
camel.) 

Camera  Lucida  (Light  Chamber).  An  instrument  contrived  by  Dr.  Wollaston 
for  taking  drawings  of  landscapes.  It  consists  of  a  peculiarly  shaped  prism  of  glass 
which  is  fixed  close  to  the  eye,  a  sheet  of  paper  being  placed  at  a  distance  con- 
Tenient  for  drawing  upon.  By  double  reflection  in  the  prism  the  image  of  the  land- 
scape is  made  to  appear  projected  on  the  paper  and  its  outline  may  then  be  traced 
witn  a  pencil.  The  camera  lucida  is  frequently  replaced  for  microscopic  purposes  by 
Soeromering's  steel  mirror  or  a  neutral  glass  reflector. 

Camera  Obscura  (Dark  Chamber).  A  convex  lens  has  the  property  of  project- 
ing a  reduced  image  of  an  object  wnieh  is  in  front  of  it ;  and  if  precautions  are 
taken  to  cut  off  all  extraneous  light,  to  have  the  lens  of  the  most  fitting  curvatures 
and  focal  length,  and  to  receive  the  image  on  an  appropriate  surface,  the  appearance 
will  be  very  beautiful.  (See  Fig.  19.)  The  old  form  of  Camera  Obscura  consisted 
of  a  simple  convex  lens  fastened  into  a  hole  at  one  end  of  a  box,  whilst  a  diagonal 
mirror  at  the  other  end  reflected  the  rays  upwards  upon  a  sheet  of  ground  glass, 
at  the  top  of  the  box,  on  which  the  image  was  viewed  by  an  observer  standing 
above ;  a  screen  cut  off  side  light  from  the  ground  glass.  The  camera  obscura  is 
now  almost  entirely  confined  to  photographic  purposes,  and  the  shapes  and  forms 
are  varied  according  to  the  requirements  of  almost  each  operator.  The  lenses  are 
corrected  so  as  to  bring  the  visual  and  chemical  rays  to  the  same  focus,  and  are 
either  single  or  compound,  according  as  portraits  or  landscapes  are  principally  re- 
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Fig.  19. 


quired  to  be  taken.  For  portraits,  a  combination  of 
lenses  is  employed  by  which  a  large  aperture  and  short 
focus  are  secured,  giving  a  highly  luminous  image  but 
not  covering  a  large  field,  whilst  for  landscape  pur- 
poses a  single  achromatic  lens  is  preferred,  and  the 
aperture  is  Bomewhat  reduced  so  as  to  obtain  a  large 
flat  field  with  near  and  distant  objects  in  practically 
the  same  focus.  Rackwork  adjustments  are  used  for 
the  lens,  and  gray  glass  focussing  screens,  and  in  the 
best  instruments  this  screen,  together  with  the  dark 
slide  carrying  the  sensitive  plate,  are  adjusted  so  as  to 
be  inclined  at  any  requisite  angle.  (See  Calotype; 
Photography.) 

Camphor.  A  white,  waxy,  and  semi-transparent 
substance,  crystallizing  in  octahedra.  It  melts  at 
175°  C.  (347°  p.),  and  boils  at  204°  C.  {399°  F-), 
although  it  sublimes  to  Borne  extent  at  the  ordinary 
temperature.  Formula,  C10H,.0.  It  has  a  strong  aro- 
matic odor,  is  very  slightly  soluble  in  water,  but  very  soluble  in  alcohol,  ether,  and 
oil,  and  it  burns  easily  in  the  air,  evolving  much  smoke. 

Camphor,  Motions  ot,  on  Water.  When  some  fragments  of  camphor  are  thrown 
on  the  surface  of  clean  water,  contained  in  a  chemically  clean  glass,  they  become 
endowed  with  lively  motions  of  rotation  and  progression.  If,  while  thus  in  motion, 
the  water  be  touched  with  the  finger,  or  with  a  speck  of  oil  or  greasy  matter,  the 
motions  are  immediately  arrested.  These  phenomena  have  excited  a  large  amount 
of  attention  on  the  part  of  scientific  men  during  nearly  two  centuries,  and  the  vari- 
ous theories  on  the  subject  are  described  by  Mr.  Tomlinsnn,  in  a  volume  published 
in  1863,  in  Wcale's  Series,  under  the  title  of  Experimental  Essays.  (See  also 
Philosophical  Magazine  for  December,  1869.)  These  phenomena  have  only  re- 
cently received  a  satisfactory  explanation,  an  account  of  which  is  given  under  Sur- 
face Tension. 

Cancer.  (In  astronomy,  the  Crab.)  A  sign  of  the  Zodiac.  The  sun  enters  this 
sign  on  or  about  the  21st  of  June,  and  leaves  it  on  or  about  the  22d  of  July.  The 
first  point  of  the  sign  marks  the  summer  solstice,  and  the  declination-parallel  through 
this  point  is  called  the  Tropic  of  Cancer.  "The  constellation  Cancer  now  occupies 
the  place  corresponding  to  the  sign  Leo.  Within  this  constellation  is  the  interesting 
star.group.  called  the  Prresepe,  or  the  Bee-hive,  on  either  side  of  which  lie  the  two 
stars  called  Aselli,  the  visibility  or  invisibility  of  which  was  regarded  by  the  ancient* 
as  a  weather-portent. 

Canes  Venatiei.  (In  astronomy,  the  Hunting  Dogs.)  One  of  the  northern  con- 
stellations invented  by  Hevelius.  Within  the  limits  of  this  constellation  arc  several 
very  remarkable  nebula;. 

Canicular  Says;  or,  Bog  Days.  A  name  given  to  the  forty  dayB  of  the  year 
between  July  3  and  August  11.  The  name  is  derived  from  the  Latin  name  of  the 
dog-star  Sirius.  This  star  rose  beliacally  about  the  beginning  of  July  (see  Helia- 
cal) ;  and  the  ancients  ascribed  the  great  heat  of  summer  to  the  influence  of  this 
star.     At  present  Sirius  rises  heliacally  at  a  different  season. 

Canicular  Year,  The  Egyptian  year  has  been  so  called  because  it  was  deter- 
mined by  the  heliacal  rising  of  the  dog-star. 

Canis  Major.     (In  astronomy,  the  Oreater  Dog.) 
constellations.     This  constellation  includes  the  star  Si 

Canis  Minor.  (In  astronomy,  the  Lesser  Dog.)  One  of  Ptolemy's  southern 
constellations.     The  bright  star  Procyon  belongs  to  this  constellation. 

Canopns.  (Egyptian.)  The  star  o  in  the  constellation  Argo.  It  is  the  bright- 
est star  in  the  heavens,  with  the  exception  of  Sirius  only. 

Cantharidin.  The  active  principle  of  cantharides  (Spanish  Fly,  Lytta  vem'ca- 
toria),  also  contained  in  Chinese  cantharides  (Mylabris  Gichorii).  In  the  pure 
state  it  forms  colorless  right-angled  four-sided  prisms,  which  melt  at  200°  0.  (392° 
F.),  and  volatilize  below  that  temperature,  evolving  while  vapors,  which  are  in- 
tensely irritating  to  the  eyes  and  throat.    It  is  insoluble  in  water,  but  dissolves 
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readily  in  alcohol  and  chloroform.  Formula  C5H12Or  It  has  the  vesicating  power 
of  the  Spanish  fly  in  a  very  high  degree. 

Caoutchouc;  or,  India  Rubber.  A  highly  elastic  substance,  obtained  from  the 
milky  sap  of  the  Siphonia  Elastica  and  other  arboraceous  plants.  It  is  colorless 
and  almost  transparent  in  the  pure  state,  but  as  ordinarily  met  with  it  varies  from 
yellowish-brown  to  black.  At  the  common  temperature  it  is  soft  and  flexible,  but 
at  the  freezing  point  of  water  it  becomes  hard  and  unyielding ;  between  120°  C.  and 
200°  C.  (248°  F.  to  398°  F.),  it  melts  to  a  viscid  mass  which  does  not  dry.  Caout- 
chouc is  a  non-conductor  of  electricity;  it  is  insoluble  iu  water,  but  soluble  in  ether, 
beusol.  and  bisulphide  of  carbon.  When  heated  with  sulphur  to  about  112°  C. 
(234°  F.),  it  is  converted  into  what  is  called  Vulcanized  India  Rubber,  which  has 
the  valuable  property  of  remaiuing  flexible  at  temperature  between  0°  C.  and  50° 
C.  (32°  F.  and  122°  F.).  When  caoutchouc  is  heated  with  half  its  weight  of  sul- 
phur, to  between  100°  and  150°  C.  (212°  and  302°  F.),  it  becomes  convorted  into  a 
bard  black  mass,  of  the  consistency  of  ivory,  known  as  ebonite.  The  composition  of 
caoutchouc  is  not  definitely  known ;  it  is,  however,  a  hydrocarbon 

Capacity  for  Heat.    See  Specific  Heat. 

Capacity,  Specific  Inductive.  A  term  applied  by  Faraday  to  indicate  a  differ- 
ence in  the  powers  or  capacities  which  various  dielectrics  possess  for  transmitting 
statical  inductive  influence  across  them.  When  a  charged  body  is  brought  near  to 
an  uncharged  body,  induction  takes  place :  that  is  to  say,  the  uncharged  body  be- 
comes temporarily  excited.  If  it  be  a  conductor,  and  insulated,  electricity  of  the 
kind  opposite  to  that  with  which  the  first  body  is  charged,  appears  on  the  side  near 
to  it,  and  electricity  of  the  same  kind  on  the  remote  side.  (See  Induction,  Elec- 
trostatic.) 

According  to  Faraday's  discovery,  the  amount  of  this  excitement  depends  upon 
the  material  between  the  plates,  or  the  dielectric,  as  it  is  called.  Numbers  express- 
ing this  difference  with  reference  to  some  common  standard  are  called  the  specific 
inductive  capacities  of  the  substances.  In  order  to  examine  the  specific  inductive 
capacity  of  various  dielectrics,  Faraday  used  what  was  practically  a  Leyden  jar, 
the  insulating  portion  of  which  was  capable  of  being  changed.  He  constructed  a 
hollow  metallic  sphere,  having  a  hole  or  short  neck  at  the  top.  Through  the  hole 
passed  a  thin  metallic  rod,  carrying  a  metal  ball,  which  projected  into  the  inner 
space,  and  was  insulated  from  the  neck  of  the  metal  sphere  by  a  plug  of  shell-lac. 
The  outer  end  of  the  metal  rod  was  furnished  with  a  small  knob.  He  was  able  to 
fill  the  interior  cavity  of  the  apparatus  with  the  material  which  he  wished  to  exa- 
mine. Having  prepared  two  such  jars,  similar  in  everv  respect,  and  containing 
in  the  interspace  the  substances  he  wished  to  examine,  he  charged  one,  measured 
the  charge,  and  then  connected  the  outer  knobs  of  the  two  together.  If,  then,  the 
inductive  capacity  was  the  same  for  both  materials,  the  charge  divided  itself  equally 
between  them ;  but  if  not,  that  apparatus  whose  dielectric  possessed  the  greater 
specific  inductive  capacity  obtained  the  greater  portion  of  the  electricity,  and  just 
in  that  proportion.  Thus,  one  being  filled  with  air  and  the  other  with  shell-lac,  on 
connecting  the  two  knobs  together  and  then  examining  the  distribution  of  the  charge, 
the  latter  was  found  to  have  twice  as  much  electricity  as  the  former.  The  specific  in- 
ductive capacity  of  shell-lac  is  therefore  2,  if  that  of  air  be  called  unity.  The  follow- 
ing numbers  represent  the  specific  inductive  capacities  of  various  substances,  air 
being  taken  as  unity : — 

Air,    . 

Spermaceti,    . 
Resin, 
Pitch, 

The  specific  inductive  capacity  of  all  gases  is  the  same. 

According  to  Faraday's  theory  induction  takes  place  by  means  of  the  polarization 
of  the  particles  of  the  dielectric  between  the  two  conductors.  Those  dielectrics, 
whose  particles  are  most  completely  polarized,  possess  the  highest  specific  inductive 
capacity. 

Faraday's  Experimental  Researches,  series  xi.  xii.  xiii.  xiv.  (published  in  1837  and 
1838  in  the  Transactions  of  the  Royal  Society,  and  republished  in  a  separate  form)  may 
be  consulted  on  this  subject    Also  an  instructive  paper  by  Sir  W.  Thomson  (in  the 


1.00 

Wax, 

1.86 

1.45 

Glass, 

1.90 

1.76 

Shell-lac, 

2.00 

1.80 

Sulphur, 

2.24 
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Cambridge  and  Dublin  Math.  Journal,  1845,  also  republished)  on  the  mathematical 
theory. 

Capella.  (The  young  goat  or  kid.)  The  star  a  in  the  constellation  Auriga.  It 
is  one  of  the  brightest  stars  in  the  northern  heavens. 

Capillarity.  {Captllus,  a  hair.)  When  a  very  wide  glass  tube,  open  at  both 
ends,  is  plunged  into  water,  the  water  is  raised  up  the  sides  of  the  glass  according  to 
the  law  given  in  "  Adhesion  between  Liquids  and  Solids/'  This  takes  place  both  on 
the  inside  and  outside  of  the  tube.  If  the  tube  be  very  narrow  the  entire  level  of 
the  water  inside  is  found  to  be  higher  than  that  outside.  This  difference  is  greater 
the  narrower  the  tube.  If  we  plunge  such  a  narrow  tube  into  mercury  instead  of 
water,  a  similar  difference  of  level  is  observed.  But  in  this  case  the  mercury  in  the 
tube  is  depressed  below  the  general  level.  In  short,  when  2  A  is  greater  than  C 
(see  Adhesion  between  Liquids  and  Solids),  that  is,  whenever  the  liquid  wets  the 
solid,  there  is  a  rise  of  the  liquid  in  the  tube ;  whenever  the  reverse  is  the  case,  there 
is  a  depression.  On  taking  tubes  of  uniform  and  various  diameters  it  is  found  ex- 
perimentally that  the  height  to  which  the  liquid  rises  is  inversely  proportional  to 
the  diameter  of  the  tube  or  to  the  square  root  of  its  sectional  area.  The  same  law 
holds  good  when  the  liquid  does  not  wet  the  tube,  and  when  accordingly  there  is  a 
depression  of  the  liquid  in  the  tube.  The  force  which  produces  these  phenomena  is 
called  the  capillary  force  or  capillarity,  and  the  tubes  in  which  it  is  exhibited  are 
capillary  tubes. 

It  appears  also  from  experiments  that  the  height  to  which  a  liquid  rises  in  a  capil- 
lary tube  which  it  wets,  is,  under  the  same  conditions  of  temperature,  directly  pro- 
portional to  the  specific  gravity  of  the  liquid,  so  that  the  heavier  liquid  rises  the 
higher.  Phenomena  of  capillarity  also  take  place  in  innumerable  instances  in  sub- 
stances having  irregular  small  cavities,  such  in  fact  as  are  porous.  In  such  a  solid 
the  liquid  which  wets  it  will  rise  higher  according  to  the  smallness  of  the  pores. 
Thus  it  will  rise  higher  in  a  mass  of  chalk  than  in  one  of  sandstone.  The  rise  of 
liquids  by  capillarity  is  of  great  importance  in  the  animal  and  vegetable  world.  The 
long  cells  of  which  woody  fibre  is  mainly  formed  are  of  sufficient  minuteness  to  affect 
the  distribution  of  sap  through  great  distances ;  and  when  through  evaporation  or 
solidification  a  portion  of  the  liquid  is  removed  its  place  is  quickly  supplied  by  capil- 
lary action. 

In  the  analysis  of  gases  the  effect  of  capillarity  is  of  some  considerable  importance. 
Such  analyses,  or  the  measurements  attending  them,  arc  usually  performed  in  glass 
tubes  called  "  Eudiometers,"  the  liquid  used  being  mercury.  These  tubes  are  gen- 
erally so  wide  that  the  depression  of  the  inner  surface  of  mercury  (in  reckoning  the 
volume  of  the  gas  above  tne  mercury)  due  to  capillarity  is  negligible.  But,  espe- 
cially when  small  quantities  of  gas  are  under  examination,  the  depression  around  the 
edge  of  the  interior  mercurial  column  is  a  sensible  fraction  of  the  entire  volume 
above.  So  that  if  the  tube  be  calibrated  (its  contents  volumctrically  determined 
according  to  a  scale  of  length)  according  to  the  volumes  above  horizontal  planes, 
the  volume  derived  from  the  reading  of  the  central  height  of  the  mercury's  surface 
will  be  too  small.  The  curved  surface  of  the  mercury  is  called  the  "  meniscus." 
The  error  so  incurred  will,  in  fact,  be  double  the  error  due  to  the  meniscus  if  the 
tube  be  calibrated  in  the  ordinary  way  by  inverting  it  and  forming  a  table  by  read- 
ing the  height  formed  by  the  centre  of  the  meniscus  when  successive  known  volumes 
of  mercury  are  added;  for,  during  the  latter  operation,  a  meniscus  is  formed  in  the 
opposite  way  in  regard  to  the  tube.  The  difference  of  reading  when  the  surface  of 
the  mercury  is  flat  and  when  it  has  a  meniscus  may  be  once  for  all  ascertained  by 
wetting  the  surface  of  the  mercury  with  a  drop  or  two  of  corrosive  sublimate,  where- 
upon the  meniscus  disappears.  The  author  of  this  article  prefers  to  calibrate  the 
eudiometer  by  introducing  into  it  successive  equal  volumes  of  air  when  it  is  in  its 
normal  position,  whereby,  the  meniscal  error  being  constant,  the  observed  reading 
corresponds  with  the  actual  volume. 

If  a  capillary  tube,  onen  at  both  ends,  held  in  a  vertical  position,  be  plunged  into 
a  liquid  which  wets  it,  the  liquid  will  rise  in  the  tube  to  a  certain  height  above  the 
level  of  the  surrounding  liquid.  If  such  a  tube  be  removed,  and  more  liquid  be 
added  from  above,  the  liquid  will  bulge  out  at  the  lower  end  as  the  column  of  sup- 

Eorted  liquid  becomes  longer  until  it  assumes  a  hemispherical  form ;  at  this  stage  the 
eight  of  the  included  column  is  exactly  twice  that  of  the  column  supported  when 
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the  lower  end  is  immersed.  Further  addition  of  liquid  from  above  causes  this  hem- 
isphere to  burst,  and  then  to  fall  off  in  the  form  of  a  drop. 

When  two  plates  of  glass  are  joined  at  one  edge  so  as  to  form  a  very  acute  angle 
and  plunged  into  water  with  the  common  edge  vertical,  it  is  clear  that  the  space 
near  the  angle  is  narrower  than  that  further  away.  Such  a  wedge  of  space  may  be 
regarded  as  a  series  of  capillary  vertical  tubes  of  increasing  diameter.  The  water 
will  accordingly  rise  highest  nearest  the  corner.  •  The  curve  which  the  water  forms 
may  be  shown  both  by  calculation  and  experiment  to  be  a  right  angle  hyperbola, 
the  asymptotes  of  which  are  the  common  vertical  edge  of  the  glass,  and  the  line  at 
right  angles  to  this  bisecting  the  angle  between  the  glass  plates. 

The  height  of  the  capillary  coin  inn  for  different  liquids  has  been  the  subject  of 
careful  experiments,  especially  by  Frankenheim,  the  result  of  whose  experiments, 
from  Miller's  Chemistry,  vol.  i.  p.  71,  4th  edit,  is  given  below.  The  experiments 
were  made  at  32°  F.f  or  0°  C,  in  a  tube  of  one  millimetre  (about  ^  inch)  iu  diameter. 
The  height  of  the  capillary  column  is  found  to  be  inversely  as  the  diameter  of  the 
tube,  but  is  of  course  diminished  by  heat. 

Capillary  Elevation  of  Liquids  in  Glass,  at  32°  F. 

Liquid  used. 

Water 

Acetic  acid 

Sulphuric  Acid    . 

Oil  of  Lemons     . 

Oil  of  Turpentine 

Alcohol  (dilute)  . 

Alcohol 

Ether 

Carbonic  Disulphide    . 

Capillary,  Correction  for.    See  Barometer. 

Capricornnj.  (The  Sea-Goat.)  A  sign  of  the  Zodiac.  The  sun  enters  this 
sign  about  the  21st  of  December,  and  leaves  it  about  the  20th  of  January.  Its  first 
point  marks  the  position  of  the  winter  solstice,  and  the  declination  parallel  through 
this  point  is  called  the  tropic  of  Capricorn.  The  constellation  Capricornus  corre- 
sponds in  position  with  the  Zodiacal  sign  Aquarius. 

Capstan.  (French,  cabestan;  Latin,  capiUrum;  a  halter.  So  capstan  is  a 
machine  round  which  a  rope  is  wound  like  a  halter.)  An  application  of  the  wheel 
and  axle,  used  chiefly  in  snips  and  ports.  It  consists  of  an  axle  or  vertical  axis, 
and  a  number  of  horizontal  levers.  The  principle  on  which  its  usefulness  depends  is 
the  same  as  that  of  the  windlass.  If  the  force  applied  to  each  lever  be  multiplied 
by  the  length  of  the  lever,  then  by  the  number  of  levers,  and  lastly  divided  by  the 
radius  of  the  axle,  the  quotient  is  equal  to  the  weight,  when  the  object  is  to  support 
it  only,  and  exceeds  the  weight  when  the  object  is  to  raise  or  move  it.  The  levers 
can  usually  be  taken  out  at  pleasure,  thus  greatly  diminishing  the  compass  of  the 
machine  when  not  in  use.     (Sec  Wheel  and  Axle,  Windlass.) 

CarbaZOtic  Add.     See  Picric  Acid. 

Carbolic  Acid.  A  compound  obtained  from  coal  tar  by  a  somewhat  complicated 
process  ;  also  prepared  by  the  distructive  distillation  of  salicylic  acid.  When  pure 
it  crystallizes  in  long  colorless  needles  having  a  specific  gravity  of  1.065.  It  liqui- 
fies at  34°  C.  (93.2Q  p.),  and  boils  at  187°  C.  (369°  F.).  The  crystals  liquefy  when  in 
contact  with  water,  and  dissolve  in  about  twenty-five  times  their  bulk  of  water,  and 
in  all  proportions  of  alcohol,  ether,  glycerine,  and  glacial  acetic  acid.  Neither  by 
itself  nor  in  aqueous  solution  does  it  redden  litmus  paper.  When  pure  it  has  a  pecu- 
liar pleasant  odor;  it  attacks  the  skin,  reddening  and  hardening  it;  it  coagulates 
albumen,  and  unites  with  animal  substances  ;  it  is  one  of  the  most  powerful  antisep- 
tics known,  and  in  a  somewhat  impure  form  is  largely  used  for  sanitary  purposes. 
The  liquid  commercial  carbolic  acia  is  a  mixture  of  carbolic  acid,  cresylic  acid,  vari- 


Specific  gravity 
At32°F. 

Height  in 
millimetre*  of 
the  capillary 

column. 

Height  of  the 
eolamn  in 

thousandth! 
of  au  inch. 

1.002 

15.336 

604 

1.052 

8.510 

355 

1.840 

8.400 

331 

0.838 

7.23 

285 

0.890 

6.76 

266 

0.927 

6.41 

242 

0.820 

6.05 

238 

0.737 

5.40 

213 

1.290 

5.10 

201 
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Scrugham,  Chem.  Soc.  J.  vii.  page  232.  Gladstone,  Chem.  News,  ii.  p.  98.)  Its 
composition  is  C6He02.  Br.  Calvert  (Chem.  Soc.  J.  xviii.  page  66)  has  described  a 
Hyarate  of  carbolic  acid  of  the  composition  2C6H6O.HaOf  which  crystallizes  in 
large  six-sided  prisms,  and  melts  at  16"  C.  (61°  F.)  Carbolic  acids  unites  with  the 
stronger  bases,  but  it  does  not  form  well-defined  compounds,  and  altogether  it  ap- 
pears to  belong  more  to  the  alcohol  than  to  the  acid  class  of  bodies. 

Carbon.  A  very  abundant  noiwmetallic  element,  occurring  in  three  forms,  crys- 
tallized and  transparent  as  the  diamond  (which  see),  crystalline  and  opaque  as 
graphite  or  plumbago,  and  opaque  and  amorphous  as  charcoal.  In  the  pure  state 
carbon  is  solid,  infusible,  and  non-volatile.  Atomic  weight,  12.  Symbol,  C.  In  the 
form  of  diamond  the  specific  gravity  is  3.55,  and  it  is  the  hardest  substance  known. 
In  the  form  of  graphite,  the  specific  gravity  is  1.2,  and  the  hardness  is  between  1 
and  2  of  Mohr's  scale.  It  conducts  electricity  nearly  as  well  as  metals;  it  has 
a  metallic,  steel-gray  color,  produces  a  black  shining  streak  on  paper,  and  is  largely 
used  in  the  manufacture  of  pencils  and  crucibles.  Carbon  is  a  necessary  constitu- 
ent of  all  organic  or  organized  compounds,  and  in  the  form  of  charcoal  is  prepared 
by  driving  off  the  volatile  constituents  from  wood  by  heat.  The  carbon  prepared  in 
a  similar  manner  from  coal  is  called  coke.  A  hard  and  compact  form  of  carbon 
which  has  the  lustre  and  electric  conductivity  of  a  metal,  collects  in  the  upper  part 
of  gas  retorts.  This  is  used  as  the  negative  element  in  Bunsen's  voltaic  battery. 
Carbon  is  deposited  in  the  form  of  soot  or  lampblack  by  the  imperfect  combustion 
of  highly  carbonized  bodies,  such  as  pitch.  Animal  CJiarcoal  is  obtained  by  cal- 
cining bones  in  closed  vessels ;  it  consists  of  a  mixture  of  charcoal  and  bone  ash. 
This  form  of  carbon,  owing  to  its  affinity  for  coloring  matter,  is  used  in  commerce 
for  removing  color  from  solutions  of  sugar  and  other  organic  liquids.  The  physical 
properties  of  carbon  vary  with  its  state  of  aggregation.  Wood  and  animal  charcoal 
possess  a  valuable  property  of  absorbing  gases,  condensible  vapors,  and  coloring 
matters.  (See  Gases,  Absorption  of.)  It  also  possesses  the  property  of  inducing 
the  combustion  of  hydrogen  and  other  gases  by  means  of  the  oxygen  which  it  con- 
denses from  the  atmosphere,  resembling  in  this  respect  spongy  platinum.  At  the 
ordinary  temperature  carbon  scarcely  shows  auy  chemical  aflinity,  but  at  a  high 
temperature  it  unites  with  oxygen,  with  incandescence  and  great  evolution  of  light 
and  heat,  forming  carbonic  acid,  or  when  the  carbon  is  in  excess,  carbonic  oxide. 
y  Cgrtymjc  Acid,  Pi-oxide  of  Carbon,  or  Carbonic  Anhydride  (C02),  is  a  color- 
less gaswETclT  may  be  "TiquOTgcTT^a  pressure  of  thirty-six  "atmospheres  atO°C. 
(32°  F.)  and  solidified  by  a  still  greater  reduction  of  temperature.  In  the  gaseous 
state,  its  specific  gravity  is  1.52,  owing  to  which  it  may  with  care  be  poured  from 
one  vessel  to  another  like  water.  It  is  a  normal  constituent  of  the  atmosphere  (see 
Atmosphere,  Composition  of.)  It  is  a  non-suppojto-  of  ordinary  cojmbuslipn,  al- 
though potassium  and  some  other  boSies  willTmrn  in  it  with  sepaTauon  of  carbon  or 
carbonic  oxide.  It  willnot  sunpoj&Jife,  and  in  an  impure  state  is  the  choke-damp 
of  miners.  Water  dissolves  about  its  own  bulk  at  the  ordinary  temperature ;  vege- 
tation  decomposes  it  with  separation  of  free  oxygen.  It  possesses  acid  properties, 
and  unites  with  bases  to  form  salts.  The  alkaline  carbonates  are  soluble  in  water, 
the  others  are  mostly  insoluble.  Carbonates  are  decomposed  by  almost  every  acid 
with  evolution  of  gaseous  carbonic  acid.  Caustic  alkalies  rapidly  absorb  it.  The 
following  are  the  most  important  carbonates : — 

Carbonates  of  Ammonium.  There  are  several  combinations  of  ammonia  and 
carbonic  acid.  They  are  all  crystalline,  volatile  either  with  or  without  decomposi- 
tion, soluble  in  water,  and  possessing  an  amnion  iacal  odor. 

Carbonate  of  Barium  (Ba,O.C02)  in  the  native  state  is  known  as  witherite;  a 
hard,  white,  crystalline  mineral  of  specific  gravity  4.3.  In  the  artificial  state  it  is  a 
soft,  white,  insoluble  powder. 

Carbonate  of  Calcium  (Ca2O.C02).  This  occurs  abundantly  in  nature  as  lime- 
stone, chalk,  calc  spar,  and  marble.  It  is  also  a  principal  constituent  of  egg  and 
mollusk  shells.  It  crystallizes  as  calc  spar  in  the  hexagonal  system,  and  as  arra- 
gonite  in  the  trimetric  system.  Artificially  prepared  it  is  a  white  powder,  insoluble 
in  water,  but  tolerably  soluble  in  water  containing  excess  of  carbonic  acid.  At  a 
red  heat  carbonate  of  calcium  is  converted  into  caustic  lime. 

Carbonate  of  Lead  (Pb2O.C02).  The  hydrated  carbonate  containing  variable 
amounts  of  water  is  prepared  by  the  absorption  of  carbonic  acid  by  metallic  lead  in 
the  presence  of  oxygen  and  acetic  acid.    It  is  extensively  used  in  commerce  as  white 
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lead.    Some  varieties  of  white  lead  contain,  in  addition,  oxide  of  lead,  others  chic 
ride  of  lead.    (See  Lead). 

Carbonate  of  Magnesium  (Mg2O.C02).  occurs  native  as  magncsitc,  and  also  in 
the  hydratcd  form,  as  a  white  amorphous  substance,  insoluble  in  water.  The  hy- 
dratea  carbonate,  containing  variable  amounts  of  water  and  carbonic  acid,  is  met 
with  in  commerce  under  the  name  of  magnesia  alba,  and  is  a  very  light,  bulky,  in- 
soluble powder. 

Carbonate  of  Potassium  (K2O.C02),  known  also  as  pearl  ash;  crystallizes  in  the 
hydra  ted  state  in  rhombic  octahedra,  which  are  very  soluble  in  water.  When  heated 
it  becomes  anhydrous,  and  at  a  red  heat  fuses.  The  solution  has  a  strong  alkaline 
taste;  when  saturated  with  carbonic  acid,  it  is  converted  into  bi-carbonate  of  po- 
tassium (K,O.H20.2C02),  which  crystallizes  in  rhomboidal  prisms,  much  less  soluble 
than  the  neutral  carbonate. 

Carbonate  of  Sodium  (Na^CO^,  is  manufactured  in  commerce  in  enormous 
quantities,  and  is  ordinarily  known  as  soda.  (See  Sodium.)  In  the  pure  crystal- 
lized state  it  forms  diagonal  prisms  containing  ten  atoms  of  water,  which  effloresce  in 
dry  air.  In  the  anhydrous  state  it  is  a  white  powder,  fusing  at  a  moderate  red  heat. 
Both  the  crystals  and  the  anhydrous  salt  dissolve  readily  in  water,  and  form  a 
highly  alkaline  solution.  When  carbonic  acid  is  passed  over  the  neutral  carbonate, 
or  through  its  solution,  bi-carbonate  of  sodium  is  formed  (Na2O.II  ,0.2CO?).  This 
has  usually  the  form  of  a  white  crystalline  powder,  which  has  a  slight  alkaline  taste, 
and  is  much  less  soluble  in  water  than  the  neutral  carbonate. 

Carbonic  Oxide  (CO),  is  a  colorless  gas  of  specific  gravity  0.96,  perfectly  neu- 
tral, insoluble  in"w*tef,  and  very  poisonous  when  inhaled.    It  does  not  support  com- 
buslipn,  but  when  ignited  in  the  air  burns  with  a  lambent  blue  fliImc7pn5ducTug~ 
carboTrtc  acid.     At  a  high  temperature  it  acts  as  a  strong  reducing  agent. 

£>isulphide  of  Carbon  (CS2),  is  formed  by  the  direct  combination  of  sulphur  and 
carbon  at  a  red  heat ;  it  is  colorless,  strongly  refracting,  very  volatile  liquid,  having 
a  disagreeable  odor;  it  boils  at  46.5°  C.  (116°  F.),  is  insoluble  in  water,  but  misci- 
ble  in  all  proportions  with  alcohol,  ether,  and  oils.  Its  solvent  properties  for  sul- 
phur, phosphorus,  iodine,  and  many  gum  resins  are  very  great.  It  is  very  inflam- 
mable, the  vapor  igniting  at  a  temperature  much  below  redness ;  it  burns  with  a 
pale  blue  flame,  producing  carbonic  acid  and  sulphurous  acid. 

Tetrachloride  of  Carbon.  Carbon  forms  several  compounds  with  chlorine ;  of 
these  we  need  only  here  mention  the  tetrachloride  (CClJ.  This  is  a  thin  trans- 
parent liquid,  insoluble  in  water,  of  specific  gravity  1.56,  boiling  point  77°  C. 
(170.5°  F.)  It  has  a  strong  aromatic  odor,  and  has  been  successfully  used  as  an 
anaesthetic.  The  compounds  of  carbon  and  hydrogen  are  very  numerous  ;  those  of 
most  importance  will  be  described  under  their  special  names.  Carbon  enters  into 
the  composition  of  all  organic  bodies ;  indeed,  organic  chemistry  has  been  defined 
by  Hofmann  as  a  "  history  of  the  migrations  of  carbon." 

Carbon,  Spectrum  of.  It  has  been  found  that  every  element  gives  a  character- 
istic spectrum  when  its  vapor  is  heated  to  incandescence,  but  in  the  case  of  bodies 
like  carbon,  which  are  non-volatile  by  themselves,  their  spectra  can  only  be  ascer- 
tained by  comparing,  inter  se,  the  spectra  given  by  its  volatile  compounds  with 
other  elements.  Mr.  Swann,  Dr.  Attfield,  Dr.  W.  M.  Watts,  Mr.  Iluggius,  and 
others,  have  examined  the  spectra  given  by  different  carbon  compounds,  and  have 
6hown  that,  although  they  all  give  spectra,  differing  somewhat  among  themselves, 
there  is  yet  a  certain  family  relationship  throughout,  and  by  ascertaining  by  experi- 
ment on  other  compounds,  the  modification  which  the  elements  united  to  the  carbon 
occasion,  it  has  been  possible  to  arrive  at  a  pretty  good  idea  of  what  the  spectrum 
of  carbon  is  like.  The  general  character  seems  to  be  that  of  groups  of  fine  lines 
in  the  yellow,  green,  blue,  and  violet,  each  group  having  its  strongest  member  on 
the  less  refrangible  end,  and  fading  gradually  away  toward  the  more  refrangible 
end.  It  is  probable  that  many  of  the  differences  between  the  various  spectra  of 
carbon  compounds  are  due  to  the  different  temperature  at  which  they  are  produced. 
(See  Spectrum.) 

Garnotf8  Function.  A  relation  between  the  amount  of  heat  which  leaves  a 
given  source,  and  the  work  done  by  it.  The  chief  deductions  from  Camot's  Func- 
tion are:  (1)  that  the  ratio  of  the  heat  drawn  from  the  source  to  the  work  pro- 
duced is  the  same  at  the  same  temperature,  whatever  be  the  substances  composing 
the  machine ;  (2)  that  the  ratio  always  depends  on  the  temperature  only,  and  does 
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not  vary  much  with  the  nature  of  the  substance ;  (3)  that  a  perfect  machine  is  only. 
able  to  convert  into  mechanical  effect  a  certain  proportion  of  the  heat  which  leaves 
its  source ;  this  quantity  varies  directly  as  the  difference  of  the  temperature  of  the 
source  and  refrigerator,  and  inversely  as  the  temperature  of  the  source.  The  quan- 
tity of  work  produced  by  a  perfect  engine  in  a  given  time  is  found  by  multiplying 
the  quantity  of  heat  which  leaves  the  source  in  the  given  time,  first,  by  the  differ* 
ence  of  the  temperatures  of  the  source  and  refrigerator,  then  by  the  number  by 
which  the  unit  of  heat  must  be  multiplied,  in  order  to  give  the  mechanical  equiva- 
lent, and,  lastly,  dividing  by  the  temperature  of  the  source.  (See  Thermodyna- 
mics; Heat  Engine;  and  Mechanical  Equivalent  of  Heat.) 

Cartesian  Diver.  An  instrument,  usually  in  the  form  of  a  toy,  which  admirably 
illustrates  several  of  the  properties  of  fluids.  It  consists  essentially  of  a  glass  tube 
closed  at  one  end,  nearly  filled  with  water,  and  inverted  into  a  cylindrical  vessel 
nearly  full  of  water,  the  mouth  of  which  is  closed  air-tight  by  a  membrane  of  caout- 
chouc. The  bubble  of  air  in  the  internal  tube  is  of  such  a  size  that  the  tube  just 
floats,  forming  in  fact  a  little  floating  diving-bell.  If  the  membrane  closing  the 
outer  cylinder  be  pressed  downwards,  the  pressure  is  communicated  through  the 
air,  above  the  water  in  the  cylinder,  to  the  water.  By  the  latter  it  is  conveyed  in 
all  directions  (see  Pressure  through  Liquids)  amongst  the  rest,  up  through  the 
open  end  of  the  inner  tube,  and  up  to  the  bubble  of  air  at  the  top.  The  latter  is 
compressed.  The  loss  in  volume  suffered  by  the  air  is  compensated  for  by  the  en- 
trance of  water.  The  result  of  this  substitution  is,  that  the  tube  with  its  contents 
becomes  heavier.     Being  pressed  upwards  by  the  same  force  as  before,  it  is  now 

Sressed  downwards  by  a  greater  one.  Equilibrium  can  no  longer  subsist,  and  the 
iver  sinks.  On  relieving  the  pressure,  the  opposite  conditions  succeed  one  another 
in  the  inverse  order,  and  the  diver  rises.  Attempts  have  been  made  to  utilize  such 
a  diver  for  the  purpose  of  determining,  or  at  least  indicating,  the  barometric  pres- 
sure. But  variation  in  temperature  affects  the  density  of  the  water  and  the  air  to 
such  a  slight  degree,  especially  the  latter,  as  to  invalidate  conclusions  as  to  atmos- 
pheric pressure  drawn  from  the  position  of  the  diver. 

Cartesian  System.  The  system  by  which  Descartes  endeavored  to  account  for 
the  planetary  motions,  by  the  existence  of  vorticose  movements  in  a  fluid  which  he 
supposed  to  occupy  all  space.  Strange  as  it  may  seem,  this  theory  seemed  for  a 
long  time  likely  to  prevent  the  reception  of  the  Newtonian  astronomy  among  con- 
tinental mathematicians.  The  contest  between  the  two  systems,  however  unequal, 
was  pursued  with  considerable  spirit  for  many  years.  Nor  was  this  unfortunate, 
since  we  may  ascribe  to  the  struggle  the  rapid  progress  of  continental  mathemati- 
cians in  mastering  the  modern  modes  of  mathematical  analysis.  Until  comparatively 
recent  times,  English  mathematicians  lagged  far  behind  their  continental  brethren 
in  this  respect. 

Cascade,  Charge  by.  If  several  Leyden  jars  be  arranged  on  insulating  sup- 
ports, and  connected  in  series,  so  that  the  inside  coating  of  the  second  is  joined  to 
the  outside  coating  of  the  first,  the  inside  of  the  third  to  the  outside  of  the  second, 
and  so  on ;  then  if  the  inside  coating  of  the  first  be  connected  with  the  prime  con- 
ductor of  the  electric  machine  and  the  outside  of  the  last  to  the  earth,  on  turning 
the  machine  the  whole  series  will  be  charged.  The  positive  electricity  driven  by 
induction  from  the  outside  coating  of  the  first  jar  charges  the  inside  of  the  second, 
that  driven  from  the  outside  of  the  second  charges  the  inside  of  the  third,  and  so 
on ;  and,  finally,  the  positive  electricity  driven  from  the  outside  of  the  last  jar  is 
neutralized  by  the  connection  with  the  earth.  This  method  of  charging  a  series  of 
jars  at  the  same  time  is  called  charging  by  cascade. 

Casein.  ( Caseus,  cheese.)  An  organic  substance  occurring  in  milk  in  the  solu- 
ble form,  having  great  similarity  to  albumen ;  it  is  coagulated  by  heat  and  acids, 
and  is  the  principle  constituent  of  cheese. 

Cassegrainian  Telescope.  (So  called  from  the  inventor,  Cassegrain.)  In  this 
form  of  reflecting  telescope  a  small  convex  speculum  is  placed  in  front  of  the  large 
speculum ;  the  rays  of  light  from  the  object  falling  on  the  principal  speculum  are 
converged  and  reflected  back  to  the  small  speculum ;  this  receives  them,  and  again 
reflects  them  to  the  centre  of  the  large  speculum,  where  a  hole  is  cut  to  allow  them 
to  pass  through  to  the  eyepiece.  One  of  the  largest,  and  probably  the  most  per- 
fect reflecting  telescope  in  the  world  is  of  this  construction.    (See  Dr.  T.  R.  Robin- 
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too  sod  Mr:  T.  Grabb's  Description  of  the  Great  Melbourne  Telescope,  Phil.  Trans., 
1869,  p.  127.)     (See  Telescope;  Reflecting  Telescope;  Speculum.) 

Cassiopeia.  One  of  Ptolemy's  northern  constellations,  figured  in  the  maps  as  a 
lady  sitting  in  a  chair.  The  five  principal  stars  of  this  constellation  form  a  well- 
known  group  lying  on  the  Milky  Way  between  Cepheus  and  Perseus.  The  con- 
stellation contains  several  interesting  objects.  Alpha  Cassiopeia  is  a  well-known 
variable. 

Cassiterite.    See  Tin. 

Gait  Iron.    See  Iron. 

Castor.  The  star  a  of  the  constellation  Gemini.  It  is  a  fine  second  magnitude 
binary,  the  components  nearly  equal. 

Castor  Oil.  A  viscid  yellowish  oil  extracted  from  the  seeds  of  Ricinua  commu- 
nis. It  has  a  faint  taste  and  odor.  Specific  gravity,  0.97.  Chemically  it  appears 
to  be  a  mixture  of  glycerin  and  several  fatty  acids. 

Cataeaustic.     (xcwcueMKH*,  scorching.)     See  Caustic. 

Catalysis,  (xa*<aww,  to  resolve.)  A  name  given  to  a  very  obscure  class  of  phe- 
nomena, of  which  little  is  known ;  it  means  action  by  contact,  or  chemical  action 
taking?  place  in  the  presence  of  a  substance  which  appears  perfectly  inert  and  unaf- 
fected by  anything  present.  As  examples,  we  may  mention  the  conversion  of  starch 
into  sugar  in  contact  with  warm  dilute  acids,  the  conversion  of  cane  into  grape  sugar 
under  similar  circumstances,  the  phenomena  of  fermentation,  the  action  of  finely  di- 
vided metals  in  decomposing  peroxide  of  hydrogen,  and  the  effect  of  spongy  platinum 
in  inducing  the  combination  of  oxygen  and  hydrogen.  Several  explanations  have 
been  attempted,  but  they  are  all  more  or  less  obscure,  and  fail  to  meet  the  majority 
of  instances  in  which  this  action  is  observed. 

Catharism.  (»*0apo$,  pure,  clean.)  A  term  introduced  by  Mr.  Tomlinson,  with 
reference  to  the  rendering  of  nuclei  chemically  clean.     (See  Nucleus.) 

Catharization  (xetfaptfco,  to  purge,  purify,  or  clean)  is  the  art  of  clearing  the 
surface  of  bodies  from  alien  matter ;  and  the  substance  is  said  to  be  catharized 
when  the  surface  is  so  cleared. 

As  everything  exposed  to  the  air,  or  to  the  touch,  takes  more  or  less  a  deposit  or 
film  of  foreign  matter,  substances  are  classed  as  catharized  or  uncatharized,  accord- 
ing as  they  have  been  or  not  so  freed  from  foreign  matter. 

The  term  catharized,  denoting  the  condition  of  pure  surface,  may  also  be  applied 
to  surfaces  that  have  not  undergone  the  process  of  catharization.  Thus  a  flint  stone, 
in  the  rough,  has  an  uncatharized  surface  ;  but,  when  split,  the  inner  surface  of  the 
pieces  will,  for  a  time,  be  chemically  clean,  or  in  a  catharized  state. 

Catenary.  (Catenarius,  pertaiuing  to  a  chain;  from  catena,  a  chain.)  The 
curve  formed  by  a  uniform  flexible  string,  or  chain,  suspended  from  its  extremities. 
The  chief  properties  of  the  catenary  are  as  follow :  1.  Let  a  horizontal  line  be 
drawn  at  a  distance  below  the  lowest  point  of  the  string,  equal  to  the  length  of 
string,  having  a  weight  equivalent  to  the  tension  at  the  lowest  point.  The  tension* 
at  any  point  is  the  weight  of  a  portion  equal  to  the  distance  of  the  point  above  the 
horizontal  line.  2.  The  radius  of  curvature,  at  any  point,  is  equal  to  the  portion 
of  the  normal,  intercepted  by  the  curve  and  the  horizontal  line.  3.  The  horizontal 
tension,  at  any  point,  is  constant.  4.  Of  all  curves  of  a  given  length,  drawn  be- 
tween two.  fixed  points  in  a  horizontal  line,  the  common  catenary  is  that  which  has 
it*  centre  of  gravity  furthest  from  the  line  joining  the  points. 

If  the  string  vary  in  diameter,  so  that  the  area  of  a  section,  at  any  point,  is  pro- 
portional to  the  tension  at  that  point,  the  curve  in  which  the  string  hangs  is  called 
the  Catenary  of  Equal  Strength.  For  the  theory  and  properties  of  the  catenary, 
wh1  Poisson's  Mechanics,  Ware's  Tracts  on  Vaults  and  Bridges,  WhewcH's  Analyti- 
cal Statics,  and  Wallace  in  the  Edin.  Trans.,  vol.  xiv. 

Catoptrics,  (xatoittpixos — xatoittpov,  a  mirror;  xafa,  down;  oftoofuu,  future  of 
dpaw,  to  see.)  That  branch  of  the  science  of  geometrical  optics  which  treats  of  the 
phenomena  of  incident  and  reflected  light. 

Caustic  Curve.  (xavartxof,  xcu«.  xavau,  to  burn.)  When  rays  of  light  are  inci- 
dent upon  a  curved  reflecting  or  refracting  surface,  the  reflected  or  refracted  rays 
intersect,  forming  a  curved  line,  to  which  the  rays  are  tangents.  When  formed 
by  reflection,  this  curve  is  called  cataeaustic,  and,  when  formed  by  refraction,  dia- 
caustic. 
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Cavendish  Experiment.  An  experiment  for  the  purpose  of  determining  the 
mean  density  of  the  earth,  investigated  by  Cavendish,  Reach,  and  Baily.  (See  Earth, 
Den sity  of  the.) 

Cebalrai.     (Arabic.)    The  star  0  of  the  constellation  Ophiuchus. 

Cellulose  (known  also  as  lignin  or  woody  fibre,  C6H1(*05)  is  an  insoluble  carbo- 
hydrate in  an  almost  pure  state ;  it  forms  the  principal  bulk  of  unsized  paper,  cotton, 
or  liuen ;  and,  in  an  impure  condition,  the  chief  bulk  of  wood.  It  is  insoluble  in 
water,  alcohol,  etc. ;  but,  when  acted  on  by  strong  nitric  acid,  is  converted  into  nitro- 
Bubstitution  compounds.     (See  Gun  Cotton.) 

Centaurus.  (The  Centaur.)  One  of  Ptolemy's  southern  constellations.  Only 
the  head  and  shoulders  of  this  figure  rise  above  the  horizon  of  London.  The  con- 
stellation, as  figured  by  the  ancients,  was  one  of  the  finest  in  the  heavens,  but  modern 
astronomers  have  taken  four  of  the  leading  brilliants,  and  several  smaller  stars,  to 
form  the  constellation  Crux  Australis.  The  star  Alpha  Centauri  is  remarkable,  not 
only  as  the  finest  double  star  in  the  heavens,  and  for  the  great  extent  of  its  annual 
proper  motion,  but  as  the  star  which  lies  nearest  to  the  solar  system,  so  far  as  is  yet 
Known.  The  change  of  the  earth's  place,  during  her  orbital  motion  around  the  sun, 
produces  a  parallactic  displacement  of  nearly  one  second  of  arc  in  this  star,  a  fact 
first  detected  by  Professor  Henderson,  under  circumstances  which  rendered  the 
observation  one  of  unusual  difficulty.  Maclear,  with  superior  instrumental  means, 
has  confirmed  the  estimate  of  Professor  Henderson.  The  actual  distance  of  the  star 
is  thus  shown  to  be  about  20,000  billions  of  miles.  Near  the  star  Beta  Centauri  the 
Milky  Way  is  subdivided,  the  whole  of  the  galaxy  between  Centaurus  and  Ophiu- 
chus being  singularly  complicated. 

Central  Forces.  Forces  tending  to  cause  the  body,  or  bodies,  on  which  they  act 
to  pass  towards,  or  from,  a  fixed  point,  termed  the  centre  of  force.  If  a  body  start- 
ing from  rest  be  acted  on  continually,  by  a  force  tending  to  a  fixed  point,  the  body 
will,  of  course,  move  with  constantly  increasing  velocity  up  to  the  nxed  point,  but 
if  the  body  be  first  projected  with  an  initial  velocity,  in  a  direction  which  does  not 
pass  through  the  fixed  point,  the  velocity  of  the  body  will  not  constantly  increase, 
nor  will  the  body  be  drawn  to  the  centre  of  force.  It  is  proved,  mathematically, 
that  a  particle  acted  on  by  a  central  force,  when  once  set  in  motion  in  any  direction 
which  does  not  pass  through  the  centre  of  force,  continues  its  motion  in  one  place, 
and  its  path  forms  a  curve. 

The  straight  line  drawn  from  any  position  of  the  moving  particle  to  the  centre  of 
force  is  termed  the  radius  vector.  One  of  the  most  important  laws  of  central  forces 
is  that  of  the  conservation  of  the  areas  described  by  the  radius  vector,  proved  by 
Newton  as  follows : — 

When  a  body  is  projected  with  a  given  velocity,  it  will  pass  through  a  certain 
space  in  a  straight  fine,  provided  no  other  force  be  acting  upon  it.  As  soon,  how- 
ever, as  a  central  force  is  made  to  act  upon  it,  it  will  be  drawrn  out  of  the  straight 
line.  If,  then,  we  are  able  to  ascertain  the  velocity  with  which  the  body  would  move 
towards  the  centre,  under  the  action  of  the  central  force  only,  we  can  determine  the 
position  of  the  body,  at  the  end  of  a  single  unit  of  time,  by  the  Parallelogram  of 
Velocities.  At  the  commencement  of  the  second  unit  of  time,  we  may  suppose  the 
body  to  be  again  subjected  to  the  impulse  of  the  central  force.  By  again  com- 
pounding the  velocity  with  which  the  body  would  now  move  without  the  action  of 
the  central  force,  and  the  velocity  due  to  the  central  force  alone,  we  obtain  the  posi- 
tion of  the  body  at  the  end  of  the  second  unit  of  time.  It  is  easily  demonstrable, 
geometrically,  that  all  the  triangles  formed  by  joining  the  successive  position  of  the 
body,  at  the  end  of  each  unit  of  time,  are  equal  in  area.  If  we  now  consider  the 
case  when  the  unit  of  time  is  indefinitely  diminished  in  duration,  and  the  number  of 
units  indefinitely  increased,  we  see  that  the  triangles  formed  by  the  motion  during 
each  unit  are  still  equal  to  one  another ;  and  the  path  of  the  body,  instead  of  being 
a  polygon,  becomes  a  curve,  since  the  polygon,  having  an  indefinitely  large  number 
of  sides,  is  identical  with  a  curve.  The  equality  of  the  triangles,  referred  to  above, 
is  therefore  expressed,  by  saying  that  the  radii  vectores  of  the  curve  sweep  out 
equal  areas  in  equal  times,  and,  consequently,  in  different  times  the  areas  swept  out 
by  the  radii  vectores  are  proportional  to  the  times.  The  converse  of  this  is  equally 
true,  namely,  that,  if  a  body  moves  in  a  plane  curve,  so  that  the  radius  vector,  drawn 
to  a  fixed  point,  sweep  out  areas  proportional  to  the  times,  it  is  acted  on  by  a  cen- 
tral force  tending  to  that  point. 
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Haying  obtained  these  fundamental  principles,  we  arrive  at  the  following  results 
by  mathematical  reasoning :  (1)  The  velocity  of  a  body  acted  on  by  a  central  force, 
at  any  point  in  its  path,  is  inversely  proportional  to  the  perpendicular,  from  the  fixed 
point  on  the  tangent  to  the  curve  at  the  point  considered.  Consequently,  if  the 
velocity  be  aniform,  the  perpendicular  on  the  tangent  must  remain  constantly  of  the 
same  length  ;  but  since  there  is  but  one  curve — namely,  the  circle,  in  which  the  per- 
pendiculars from  a  given  point  on  the  tangent  are  all  equal,  the  path  of  the  body 
must  be  a  circle,  and  the  nxed  point  must  be  at  its  centre.  (2)  If  a  body  describe 
an  ellipse  under  the  action  of  a  force  tending  to  a  focus  of  the  ellipse,  the  intensity 
of  the  force  is  inversely  proportional  to  the  sauare  of  the  distance.  The  same 
applies  to  a  hyperbolic  and  a  parabolic  path.  (3)  If  the  path  be  an  ellipse,  and 
tne  centre  of  force  be  the  centre  of  the  ellipse,  the  intensity  of  the  force  is  directly 
proportional  to  the  distance. 

The  converses  of  these  propositions  are  also  true.  If  a  body  be  projected  from  a 
point  in  a  given  direction  with  given  velocity,  and  move  under  the  action  of  a  central 
force,  whose  intensity  varies  inversely  as  the  square  of  the  distance,  the  orbit  is 
either  a  hyperbola,  a  parabola,  or  an  ellipse  according  to  the  relation  between  the 
velocity  and  distance  of  projection. 

If  a  body  be  in  motion  under  the  action  of  a  central  force,  whose  intensity  varies 
directly  as  the  distance,  the  orbit  is  an  ellipse,  and  the  centre  of  force  is  the  centre 
of  the  ellipse.  In  this  case  the  period  of  revolution  is  independent  of  the  dimen- 
sions of  the  ellipse,  and  depends  solely  on  the  intensity  of  the  force. 

On  reference  to  Kepler's  Laws,  obtained  by  laborious  calculations  from  an  immense 
series  of  observations,  it  will  be  seen  that  they  exactly  correspond  with  the  general 
conclusions  respecting  central  forces,  and  that  consequently  the  planets  describe 
their  orbits  under  the  influence  of  a  central  force  tending  to  the  sun,  and  varying  in 
intensity  inversely  as  the  square  of  the  distance,  and  that  the  force  would  be  the 
same  for  each  planet  at  the  same  distance  (see  Kepler's  Laws).  We  need  only  sup- 
pose the  planets  to  be  once  set  in  motion,  and  then  we  have  quite  sufficient  to 
account  for  their  continuous  motion  and  elliptical  orbits  in  the  central  force  tending 
to  the  sun.  We  find  the  planets  in  motion ;  there  is  no  force  known  to  us  which 
maintains  that  motion,  and  there  is  no  necessity  for  us  to  suppose  the  existence  of 
any  other  force  than  that  which  acts  constantly  towards  the  sun. 

Centre,  Equation  of.    See  Equation  of  Centre. 

Centre  oflJravity.  That  point  in  a  body  through  which  passes  the  resultant  of 
the  weights  of  the  particles  composing  the  body  in  every  position  in  which  the  body 
may  be  placed.  The  attraction  of  the  earth,  which  causes  a  body  to  have  the 
property  called  weight,  acts  upon  every  particle  of  the  body.  When  a  stone  is 
crushed  into  small  fragments,  the  sum  of  the  weights  of  the  particles  is  equal  to 
that  of  the  whole  stone.  If  one  of  these  particles  be  attached  by  a  fine  thread  to  a 
fixed  point,  the  thread  will  take  the  vertical  direction.  If  several  of  the  particles 
be  suspended  from  points  near  together,  the  threads  will  be  parallel.  Hence,  when 
the  particles  are  united,  so  as  to  form  one  body,  we  m%y  consider  their  weights  to  be 
a  system  of  parallel  forces,  and  consequently  equivalent  to  a  single  resultant.  By 
suspending  tne  body  from  any  point,  we  can  ascertain  the  direction  through  which 
this  resultant  passes.  If  we  then  suspend  the  body  from  another  point,  we  obtain  a 
second  resultant,  the  direction  of  which  intersects  the  former  direction.  For  though 
the  weight  and  magnitude  of  the  particles  arc  unchanged,  each  of  them  will  have 
the  direction  of  its  force  changed  with  regard  to  the  whole  body,  and  the  effect  is  the 
same  as  if  each  force  had  been  caused  to  turn  about  its  point  of  application.  If  the 
body  were  of  such  material  that  it  could  be  pierced  in  the  direction  of  the  line  of 
support  in  different  positions,  all  the  lines  would  be  found  to  intersect  in  a  single 
point,  which  is  called  the  centre  of  gravity  of  the  body,  or  the  centre  of  the  parallel 
forces  due  to  gravity  acting  upon  it.  This  general  fact  is  stated  in  the  following 
form :  The  resultant  of  a  system  of  parallel  forces  acting  on  a  rigid  body  passes 
through  a  fixed  point,  the  position  of  which  is  independent  of  the  direction  of  the 
forces.  If  the  forces  be  the  weights  of  the  particles,  the  fixed  point  is  termed  the 
centre  of  gravity. 

The  process  of  finding  the  centre  of  gravity  of  a  body  may  be  either  experimental 
or  geometrical.  When  the  body  is  homogeneous,  that  is,  when  equal  volumes  taken 
from  different  parts  of  the  body  have  the  same  weights,  the  weights  of  different  por- 
tions are  proportional  to  the  volumes ;  thus,  in  finding  the  centre  of  gravity  geomet- 
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rically,  we  may  consider  the  volumes  as  forces.  A  similar  process  may  be  taken 
with  very  thin  sheets,  as  of  metal,  paper,  etc.,  of  uniform  thickness,  for  since  the 
weights  of  these  are  proportional  to  the  areas,  we  may  treat  the  areas  as  forces,  and 
find  the  centre  of  gravity  of  the  surface.  Similarly,  we  may  find  the  centre  of  grav- 
ity of  a  heavy  line,  since,  in  any  uniform  wire,  the  weight  is  proportional  to  the 
length. 

The  following  are  some  of  the  simpler  results  of  investigation  respecting  the  centre 
of  gravity :  (1)  If  a  body  be  symmetrical  about  a  plane,  every  particle  on  one  side 
corresponds  to  a  particle  equal  to  it  on  the  other.  Hence  the  centre  of  gravity  of 
every  pair  of  particles  lies  in  the  plane,  and  consequently  the  centre  of  gravity  of 
the  entire  body  lies  in  the  plane  of  symmetry.  (2)  If  a  body  have  two  planes  about 
which  it  is  symmetrical,  the  centre  of  gravity  lies  in  the  line  of  intersection  of  the 
planes ;  and  if  it  have  three  planes  of  symmetry,  the  centre  of  gravity  lies  in  the 
point  where  the  three  planes  intersect.  (3)  If  an  area  be  symmetrical  about  a  line, 
the  centre  of  gravity  lies  in  that  line.  (4)  If  a  body  have  a  centre  of  figure — that 
is,  a  point  such  that  all  lines  drawn  through  it  to  the  outline  of  the  figure  are  bisected 
in  the  point,  the  centre  of  figure  is  the  centre  of  gravity.  Hence  the  centre  of  grav- 
ity of  a  straight  line  is  its  middle  point ;  that  of  the  circumference  or  area  of  a  circle 
is  the  centre ;  the  centre  of  gravity  of  a  parallelogram  is  the  point  of  intersection 
of  the  diagonals,  which  is  the  centre  of  figure ;  the  centre  of  gravity  of  a  sphere  is 
its  centre ;  that  of  a  right  circular  cylinder  is  the  middle  point  of  the  axis ;  and  that 
of  a  parallelopiped  is  the  point  of  intersection  of  any  two  diagonals.  In  all  the 
above  cases,  the  centre  of  gravify  is  the  same  whether  we  consider  the  perimeter  and 
outer  surfaces  only,  or  the  areas  and  volumes  of  the  bodies. 

From  the  preceding  principles  the  centre  of  gravity  of  the  following  figures  are 
determined  by  geometrical  rules : — 

1.  Of  a  trianqle.  The  point  of  intersection  of  two  middle  lines,  or  that  point  in 
the  line  joining  the  middle  of  the  base  with  the  opposite  angle,  which  is  one-third  of 
its  length  from  the  base. 

2.  Of  a  semicircle.  At  the  distance  from  the  base  found  by  dividing  two-thirds 
of  the  square  of  the  diameter  by  the  circumference. 

3.  Of  a  semi-ellipse.    Same  as  a  semicircle  of  the  same  height. 

4.  Of  a  parabola.    Three-fifths  of  the  height. 

5.  Of  a  cycloid.    Seven-twelfths  of  the  height. 

6.  Of  a  sector  of  a  circle.  At  a  distance  from  the  centre  found  by  multiplying 
two-thirds  of  the  radius  by  the  chord,  and  dividing  by  the  arc. 

7.  Of  a  quadrant.  At  the  same  distance  from  either  radius  as  that  of  the  semi- 
circle. 

8.  Of  the  surface  of  a  hemisphere.     At  the  middle  point  of  the  height. 

9.  Of  a  prism  or  cylinder.  The  middle  point  of  the  line  joining  the  centres  of 
gravity  of  tne  two  ends. 

10.  Of  a  pyramid  or  cone.  That  point  in  the  line  joining  the  centre  of  gravity 
of  the  base  with  the  apex,  which  is  one-fourth  of  its  length  from  the  base. 

11.  Of  a  hemisphere.     A.? three-eighths  of  the  radius. 

The  following  are  the  chief  properties  of  the  centre  of  gravity.  When  a  body  is 
suspended  from  a  point,  it  comports  itself  as  if  its  entire  weight  were  concentrated 
at  the  centre  of  gravity.  Consequently,  we  may  consider  any  body  as  acted  upon 
by  two  forces,  the  resultant  of  the  forces  due  to  gravity,  acting  at  its  centre  of  grav- 
ity, and  the  resultant  of  the  reactions  of  the  points  of  support.  In  order  that  the 
body  may  be  at  rest,  these  two  must  act  in  the  same  vertical  line  in  opposite  direc- 
tions ;  if  not,  the  body  will  move.  Thus  it  results  that  if  the  centre  of  gravity  be 
supported,  the  whole  body  will  be  supported.  If  the  body  be  suspended  from  a 
point,  the  centre  of  gravity  and  the  point  of  support  must  be  in  the  same  vertical 
line.  When  the  body  is  supported  on  several  points  the  condition  of  rest  is  that  the 
resultant  of  all  the  resistances  shall  be  in  the  same  vertical  line  with  the  centre  of 
gravity.  It  is  obvious  that  this  resultant  will  of  necessity  fall  within  the  lines  of 
its  component  forces.  Consequently,  if  the  centre  of  gravity  of  a  body  fall  without 
the  base  on  which  it  stands,  it  cannot  remain  at  rest,  and  motion  will  ensue  until  the 
necessary  conditions  are  attained.  The  variations  in  the  position  of  the  centre  of 
gravity  in  connection  with  the  equilibrium  of  the  forces  acting  on  the  body  will  be 
treatea  under  equilibrium. 

Centre  of  Inertia.    Centre  of  mass.    See  Centre  of  Gravity. 
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Goitre  Of  Gyration.    See  Gyration,  Centre  of. 

Centre  of  Oscillation.    See  Oscillation,  Centre  of. 

Centre  of  Percussion.  When  a  solid  body  is  revolving  about  an  axis,  the  point 
at  which  a  resistance  sufficiently  strong  would  stop  the  rotation  of  the  body  without 
imparting  motion  to  the  axis. 

Centre  of  Pressure  (Lateral)  of  Liquids.    Since  (see  Lateral  Pressure  of 

Liquids)  the  outward  pressure  on  any  point  of  the  side  01  a  vessel  containing  liquid 
varies  with  the  depth  of  the  point,  the  pressure  at  any  depth  may  be  represented 
by  the  straight  line  drawn  parallel  to  the  base  of  an  isosceles  right"  angled  triangle, 
one  of  whose  sides  is  the  height  from  the  bottom  of  the  vessel  to  the  liquid  surface, 
and  the  other  a  horizonal  line  equal  to  this  drawn  from  the  base.  Consequently  the 
eutire  pressure  on  a  line  of  such  points,  reaching  vertically  from  the  liquid's  surface 
to  the  bottom,  is  represented  by  the  area  of  the  above  triangle.  The  centre  of  pres- 
sure of  such  a  line  of  points  is  that  point  at  which  a  single  pressure  will  support  the 
whole  line  of  points,  supposing  the  line  to  be  rigid.  This  point  is  manifestly  the 
point  of  intersection  between  the  vertical  line  of  points  and  the  horizontal,  drawn 
through  the  centre  of  gravity  of  the  above-mentioned  triangle.  In  other  words,  it 
is  one-third  from  the  bottom.  If,  therefore,  a  vessel  have  a  rectangular  side  the 
centre  of  pressure  of  each  vertical  strip  of  the  side  will  be  one-third  from  the  bottom, 
or  the  line  of  pressure  will  be  a  horizontal  line  at  the  same  depth.  Finally,  the 
centre  of  pressure  will  clearly  be  the  centre  of  such  a  line,  since  the  surface  is  dis- 
tributed symmetrically  around  this  point. 

Centrirogal  Force.  ( Centrum,  and  fugo,  to  fly  from.)  When  a  body  describes 
a  circle  with  uniform  velocity,  there  must  be  a  force  constantly  acting  upon  it  and 
directed  towards  the  centre.  If  left  to  itself  at  any  point  the  body  would  move  in 
the  direction  of  the  tangent  at  that  point,  and  the  force  towards  the  centre  is  spent 
at  each  instant  in  deflecting  the  body  out  of  the  straight  line  in  which  it  is  moving. 
The  force  with  which  the  body  tends  to  fly  from  the  centre  is  termed  the  centrifugal 
force*  and  the  force  which  counteracts  the  centrifugal  force  is  termed  centripetal. 
These  forces  are  equal  and  opposite,  and  each  is  found  by  multiplying  the  mass  of 
the  body  by  the  normal  acceleration ;  or,  which  is  the  same  thing,  multiplying  the 
weight  of  the  body  by  the  square  of  the  velocity,  and  dividing  by  the  acceleration 
of  gravity  and  the  radius  of  the  circle,  In  illustration  of  this  rule  let  us  suppose  a 
stone  1  pound  in  weight  to  be  tied  to  a  string  3  feet  long  and  whirled  round  so  that 
its  velocity  is  24  feet  per  second,  what  will  be  the  strain  on  the  string.  Here,  24  x 
24  -f-  1  lb.  -f-  (32  x  3)  =6  lbs.  If  the  string  be  not  strong  enough  to  bear  a  weight 
of  6  pounds  it  will  be  broken  by  the  revolution  of  the  one  pound.  The  force  tend- 
ing to  break  the  string  is  the  centrifugal  force,  and  that  tending  to  prevent  the  body 
from  flying  off  is  the  centripetal  force.         * 

Centripetal  Force.     ( Centrum,  and  peto,  to  seek.)    See  Centrifugal  Force. 

Cepheus.  One  of  Ptolemy's  northern  constellations.  Few  of  the  stars  composing 
this  constellation  are  very  noteworthy,  and  perhaps  the  most  remarkable  feature  of 
the  asterism  is  the  outlying  branch  of  the  Milky  Way,  extending  towards  the  pole 
from  the  star  Epsilon  Cephei. 

Ceres.    In  astronomy,  one  of  the  minor  planets.    See  Asteroids. 

Cerium.  A  somewhat  rare  metal,  discovered  simultaneously  by  Klaproth  and 
Hisinger,  and  Berzelius.  It  is  almost  invariably  found  associated  in  nature  with  the 
metals  lanthanum  and  didvraium.  and  for  many  years  after  its  discovery  the  so-called 
cerium  compounds  were  in  reality  mixtures  of  cerium,  lanthanum,  and  didymimn. 
Hymbol  Ce.  Atomic  weight  46.  The  metal  cerium  is  almost  unknown  in  the  sepa- 
rate state ;  its  separation  from  the  two  companion  metals  is  difficult,  but  from  other 
metallic  compounds  it  is  easily  effected.  Cerium  forms  two  oxides,  a  serous  or  prot- 
oridt  which  is  unstable,  and  the  ceroso-ceric  oxide,  Ce203.  The  latter  is  formed 
when  oxalate  of  cerium  is  ignited  in  an  open  vessel,  and  is  a  yellowish-white 
powder,  which  becomes  orange  when  heated,  but  gets  lighter  again  on  cooling.  The 
most  definite  salts  of  cerium  are  those  of  the  protoxide ;  they  are  colorless,  have  a 
peculiar  sweet  taste,  and  are  acid  to  test  paper.  The  only  salt  of  present  interest 
is  the  oxalate,  which  is  a  white  crystalline  powder  insoluble  in  water,  produced  by 
adding  oxalate  of  ammonia  or  oxalic  acid  to  a  soluble  ccrous  salt.  This  salt  is 
used  in  medicine. 

Cetus.  (The  Whale.)  One  of  Ptolemy's  southern  constellations.  It  is  figured 
in  ancient  charts  as  an  uncouth  sea-monster,  between  whose  paws  the  river  Eridanus 
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elude  the  highest  microscopic  power.  By  reflecting  light  such  a  medium  appears 
bluish,  by  transmitted  light  yellowish ;  which  latter  color,  by  augmenting  the  quan- 
tity of  the  precipitate,  can  be  caused  to  pass  into  orange  or  red  ;  but  the  develop- 
ment of  color  in  the  attenuated  nitrite  of  amyl  vapor,  though  admitting  of  the  same 
explanation,  is,  doubtless,  more  similar  to%what  takes  place  in  our  atmosphere.  The 
blue,  moreover  is  purer  and  more  skv-like  than  that  obtained  from  Brlicke's  turbid 
medium.  The  results  obtained  with  hydriodic  acid  are  of  so  startling  and  unprece- 
dented a  character,  that  we  consider  it  important  to  give  them  in  Professor  Tyndall's 
own  words,  as  follows :  "  I  have  seen  nothing  so  astonishing  as  the  effect  obtained, 
on  the  28th  of  October,  with  hydriodic  acid.  The  cloud  extended  for  about  18 
inches  along  the  tube,  and  gradually  shifted  its  position  from  the  end  nearest  the 
lamp  to  the  most  distant  end.  The  portion,  quitted  by  the  cloud  proper,  was  filled 
by  an  amorphous  haze  ;  the  decomposition,  which  was  progressing  lower  down,  being 
here,  apparently,  complete.  A  spectral  cone  turned  its  apex  towards  the  distant 
end  of  the  tube,  and,  from  its  circular  base,  filmy  drapery  seemed  to  fail.  Placed  on 
the  base  of  the  cone  was  an  exquisite  vase,  from  the  interior  of  which  sprang  another 
vase  of  similar  shape  ;  over  the  edges  of  these  vases  fell  the  faintest  clouds,  resem- 
bling spectral  sheets  of  liquid.  From  the  centre  of  the  upper  vase,  a  straight  cord  or 
cloud  passed  for  some  distance  along  the  axis  of  the  experimental  tube  ;  and  at  each 
side  of  this  cord  two  involved  and  highly  iridescent  vortices  were  generated.  The 
froutal  portion  of  the  cloud,  which  the  cord  penetrated,  assumed  m  succession  the 
forms  of  roses,  tulips,  and  sunflowers.  It  also  passed  through  the  appearance  of  a 
series  of  beautifully  shaped  bottles,  placed  one  within  the  other.  Once  it  presented 
the  shape  of  a  fish,  with  eyes,  gills,  and  feelers.  The  light  was  suspended  for  seve- 
ral minutes,  and  the  tube  and  its  cloud  permitted  to  remain  undisturbed  in  darkness. 
On  reigniting  the  lamp,  the  cloud  was  seen  apparently  motionless  within  the  tube ; 
mnch  of  its  color  had  gone,  but  its  beauty  of  form  was  unimpaired.  Many  of  its 
parts  were  calculated  to  remind  one  of  Gassoit's  discharges ;  but  in  complexity,  and 
indeed  in  beauty,  the  discharges  would  not  bear  comparison  with  these  arrangements 
of  cloud.  A  friend,  to  whom  I  showed  the  cloud,  likened  it  to  one  of  those  jtlly-like 
marine  organisms,  which  a  film,  barely  capable  of  reflecting  the  light,  renders  visible. 
Indeed  no  other  comparison  is  so  suitable  ;  and  not  only  did  the  perfect  symmetry 
of  the  exterior  suggest  this  idea,  but  the  exquisite  casing  and  folding  of  film  within 
film  suggested  the  internal  economy  of  a  highly  complex  organism.  The  twoness  of 
the  animal  form  was  displayed  throughout,  and  no  coil,  disk,  or  speck  existed  on  one 
side  of  the  axis  of  the  tube,  that  had  not  its  exact  counterpart  at  an  equal  distance 
on  the  other.  I  looked  in  wonder  at  this  extraordinary  production  for  nearly  two 
hours."     (See  Chemical  Action  of  Light. ) 

Chemistry.  A  definition  has  been  named  a  metaphorical  word,  signifying  liter- 
ally "  laying  down  a  boundary,"  and  intended  to  explain  a  term  so  as  to  separate 
it  from  everything  else,  as  a  boundary  separates  one  field  from  another.  It  is  diffi- 
cult so  to  separate  chemistry  from  other  sciences,  since  it  is  always  shifting  or 
enlarging  its  boundaries  and  encroaching  upon  other  sciences.  Not  that  definitions 
of  chemistry  are  wanting,  for  they  are  almost  as  numerous  as  the  older  handbooks 
and  treatises  on  the  science.  The  very  term  itself  is  of  unknown  origin.  It  is 
probably  derived  from  Alchemy,  or  more  properly  AUkemy,  from  the  Arabic  word 
Kyamon,  "  the  substance  or  constitution  of  anything."  Hence  Alkemy  is  the 
knowledge  of  the  substance  or  composition  of  bodies ;  and  chemistry,  "  the  wise 
daughter  of  a  foolish  mother,"  is  derived  from  Alkemy. 

But  chemistry  was  not  born  wise :  she  had  to  pass  through  a  long  period  of  fool- 
ishness before  she  attained  to  that  wisdom  which  now  excites  the  admiration  of  man- 
kind. Her  educators  had  to  renounce  the  foolish  notions  of  the  parent,  and  endeavor 
to  apply  the  idea  of  analysis  to  matter  as  they  had  been  from  an  early  period  to 
words ;  namely,  to  resolve  these  into  their  component  letters,  that  into  its  simplest 
forms.  Men  possessed  the  fundamental  ideas  of  element  and  substance  long  before 
they  learned  to  express  them  clearly.  By  a  multiplication  of  facts  they  gradually 
perceived  that  there  existed  a  peculiar  relation  of  the  elements  to  their  compounds; 
but  they  were  slow  to  perceive  that  compounds  could  possibly  differ  in  properties 
from  those  of  the  elements  that  formed  them.  Their  notion  was  that  compounds 
derive  their  properties  from  their  elements  by  resemblance.  They  could  not  conceive 
an  acid  body,  for  example,  not  to  confer  acid  properties  on  the  compound.  The  four 
elements— fire,  air,  earth,  and  water — existed  on  the  notion  that  bodies  were  hot  or 
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cold,  dry  or  moist,  and  on  this  distinction  was  based,  during  a  long  period,  the  prac- 
tice of  medicine.  Diseases  were  clashed  as  hot  or  cold,  etc.,  and  the  remedies  were 
arranged  to  meet  this  view.  While  the  latrochemists  (or  those  that  applied  their 
science  to  medicine)  were  thus  working,  innumerable  processes  in  the  useful  arts 
contradicted  their  theory  by  showing,  every  day,  how  useless  it  was  to  expect  to 
find  in  compounds  the  resemblances  of  their  components.  The  workers  in  metal, 
the  tanner,  the  brewer,  tfoc  vintner,  all  bore  testimony  to  the  cpntrary ;  and  it  was 
not  until  the  idea  of  the  four  elements  was  superseded  by  the  doctrine  of  the  three 
principles,  salt,  sulphur,  and  mercury,  that  chemistry  began  to  advance,  and  then  it 
was  by  the  recognition  of  the  fact  that  compounds,  unlike  the  materials  used,  are 
the  result  of  the  union  and  the  separation  of  matter,  men  slowly  realized  the  idea 
that  substances  are  not  necessarily  like  what  they  make. 

But  the  teaching  of  the  "  foolish  mother"  still  lingered.  The  fanciful  idea  yet 
prevailed,  that  the  products  of  bodies  depend  on  the  forms  of  their  ultimate  parti- 
cles, such  as  round  or  angular,  pointed  or  hooked,  straight  or  spiral.  The  particles 
of  a  sweet  substance  were  supposed  to  be  round  and  smooth ;  those  of  an  acid,  sharp 
and  jagged.  Even  the  philosophy  of  Descartes  and  of  Gassendi  was  tainted  with 
this  doctrine.  That  respectable  writer  Ix»mery  says,  that  "  no  one  will  dispute  that 
an  acid  must  consist  of  sharp-pointed  particles,  which  prick  the  tongue  like  anything 
sharp  and  finely  cut.  Moreover,  we  see  that  acid  salts  crystallize  into  edges.  Those 
acid  points  enter  the  solid  matter  of  an  alkali  which  is  adapted  to  their  form,"  much, 
we  may  suppose,  as  the  sheath  is  adapted  to  the  sword.  Even  Dr.  Mead,  so  late  as 
1745,  refers  to  the  lamellae  or  blades  which  constitute  the  poisonous  effect  of  corro- 
sive sublimate. 

Another  idea,  which  has  retarded  the  progress  of  chemistry,  refers  the  chief  force 
in  the  formation  of  compounds  to  the  mechanical  attraction  of  the  elements.  This 
idea  arose  out  of  the  Newtonian  philosophy.  Newton  himself  speaks  of  "  certain 
forces  by  which  the  particles  of  bodies,  through  causes  not  yet  known,  are  either 
nrged  towards  each  other  and  cohere,  according  to  regular  figures,  or  are  repelled 
and  receUe  from  each  other.  When,  for  example,  salt  of  tartar  runs  per  deliquium 
[ deliquesces],  is  not  this  done  by  an  attraction  between  the  particles  of  the  salts  and 
the  particles  of  the  water  which  float  in  the  air  in  the  form  of  vapors  ?  And  why 
drx*  not  common  silt,  or  saltpetre,  or  vitriol,  run  per  deliquium.  but  for  want  of 
such  an  attraction?"  Other  cases  are  given  by  the  same  great  authority  to  show 
that  chemical  combinations  act  by  a  mechanical  attraction  of  particles.  Many  of 
Newton's  disciples,  unmindful  of  the  cautious  habits  of  thought  of  the  master, 
pushed  this  notion  beyond  the  limits  of  sound  theory,  and  explained  the  formation 
of  compounds  as  the  mere  mechanical  attraction  of  particles,  forgetting  that  this  is 
quite  inadequate  to  explain  changes  of  color,  transparency,  texture,  taste,  odor,  etc., 
due  to  small  changes  in  the  ingredients.  Thus,  in  a  work  dedicated  to  Newton,  Dr. 
Frond,  in  1710,  adopts  the  mechanical  idea  of  attraction  in  the  formation  of  all 
compounds.  "  That  force  of  attraction,"  he  says,  "  of  which  you  first  so  successfully 
traced  the  influence  in  the  heavenly  bodies,  operates  in  the  most  minute  corpuscles, 
and  this  force  we  are  only  just  beginning  to  perceive  and  to  study."  But  Newton 
(as  if  anticipating  the  modern  fiction  of  Frankenstein)  was  startled  at  the  effects  of 
his  own  work,  for  he  says,  "  The  parts  of  all  homogeneal  hard  bodies  which  fully 
touch  each  other  stick  together  very  strongly  ;  and  for  explaining  how  this  is.  some 
have  invented  hooked  atoms,  which  is  begging  the  question."  For,  he  would  a>k, 
how  do  the  parts  of  the  hook  cohere  ? 

As  time  advanced,  it  was  seen  that  no  mechanical  force  can  account  for  changes 
of  color,  texture,  odor,  etc. ;  that  bodies  cannot  consist  of  elementary  particles  ex- 
erting forces  of  the  same  nature  as  the  central  forces  considered  in  mechanics.  It 
was  admitted  that  the  force  which  produces  combination  is  a  peculiar  principle,  a 
special  relation  of  the  elements,  not  correctly  expressed  in  mechanical  terms.  This 
peculiar  principle  was  named  Affinity,  which  signifies  a  disposition  to  combine — to 
form  an  alliance  similar  to  that  of  marriage — accompanied  by  the  further  idea,  that, 
where  there  is  marriage,  divorce  (analysis  or  separation)  is  possible.  This  was 
clearly  shown  by  Mayow  as  early  as  1674.  ITe  proved  that  where  opposite  elements, 
such  as  an  acid  and  an  alkali,  combine,  their  properties  disappear,  and  a  new  sub- 
ttance  is  formed  not  resembling  the  inirrodients.  He  says,  "Although  these  salts 
thus  mixed  appear  to  be  dstroyed,  it  is  still  possible  for  them  to  be  separated  from 
each  other  with  their  powers  still  entire."    He  clearly  points  out  the  two  great 
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chemical  processes — Analysis  and  Synthesis.  He  also  showed  that  affinity  is  elec- 
tive. "  I  have  no  doubt,"  he  says,  "  that  fixed  salts  choose  one  acid  rather  than 
another,  in  order  that  they  may  coalesce  with  it  in  a  more  intimate  union." 

The  next  idea  that  greatly  promoted  the  advance  of  chemistry  was,  that  affinity 
is  definite  as  to  quantity.  Kouelle,  in  1742.  speaks  of  salts  with  excess  either  of 
acid  or  of  base,  and  of  perfectly  neutral  salts.  When  the  balance  became  part  of 
the  necessary  furniture  of  every  laboratory,  it  was  found  that  the  proportional 
weights  of  the  ingredients  of  every  neutral  compound  were  always  the  same,  as  was 
shown  by  Wenzcl  in  1777.  The  same  idea  was  taken  up  by  Richter  in  1792,  and 
led  to  the  Atomic  Theory  of  Dalton  in  1803. 

Did  the  nature  of  this  work  admit  of  long  articles,  we  might  £0  on  to  show  how 
chemistry  advanced  by  the  confirmation  of  definite  ideas  as  to  the  indestructibility  of 
matter,  and  on  such  important  principles  as  that  a  body  is  equal  to  the  sum  of  its 
elements ;  that  chemical  composition  determines  physical  properties.  We  should 
also  have  to  mark  such  eras  in  the  science  as  the  discovery  of  oxygen  gas,  and  the 
destruction  of  the  phlogiston  hypothesis,  ihe  discovery  of  the  composition  of  water, 
and  the  foundation  of  pneumatic  chemistry. 

It  would  not  be  possible  to  pursue  this  mere  indication  of  the  progress  of  chemis- 
try without  encountering  details  of  sufficient  extent  and  importance  to  fill  a  volume. 
Hence  it  will  not  excite  surprise  that  modern  writers  of  handbooks,  etc.,  on  chemistry 
do  not  attempt  to  define  the  science,  but  prefer  to  state  its  objects.  These  are  given 
in  Professor  Miller's  Elements  in  the  following  terms :  "  1.  To  resolve  matter  into 
its  simplest  components.  2.  To  ascertain  the  properties  of  these  simple  or  elemen- 
tary forces  of  matter.  3.  To  combine  two  or  more  of  these  elementary  bodies  with 
each  other,  so  as  to  form  compounds.  4.  To  study  the  properties  of  these  com- 
pounds ;  and,  5.  To  define  the  conditions  under  which  such  compounds  can  exist." 
These  objects  are  embraced  by  pure,  theoretical,  or  philosophical  chemistry.  This 
again  may  be  divided  into  organic  and  inorganic  chemistry,  and  the  former  into 
animal  or  vegetable  chemistry,  and  the  latter  into  metallurgic,  agricultural,  medi- 
cal, etc.,  chemistry. 

Chemistry  also  partakes  of  the  nature  of  an  art  as  well  as  a  science,  when  it  puts 
forward  certain  rules  and  mechanical  methods  for  effecting  the  objects  above  enu- 
merated. This  is  practical  chemistry.  We  also  speak  of  synthetical  chemistry, 
which  treats  of  the  union  of  bodies  into  well-defined  compounds ;  analytical  chemis- 
try, which  (1)  detects  the  several  constituents  of  a  component  body,  and  (2)  esti- 
mates their  quantities ;  (1)  being  termed  qualitative,  and  (2)  quantitative  analysis. 
There  is  a  branch  of  analytical  chemistry  known  as  assaying  or  docimacy,  which 
is  the  art  of  detecting  and  estimating  the  precious  metals  in  their  various  compounds. 
Applied  chemistry  is  the  application  of  chemical  principles  to  the  various  sub- 
stances used  inordinary  life,  such  as  pharmaceutical  chemistry,  which  relates  to  the 
preparation  of  substances  used  in  medicine ;  technical  chemistry,  which  relates  to 
arts  and  manufactures,  and  this  admits  of  a  large  number  of  subdivisions,  the  chem- 
istry of  glass-making,  dyeing,  the  smelting  of  metals,  soda-making,  etc.  etc.,  requiring 
special  knowledge  of  particular  branches  of  this  vast  science. 

Chemistry  of  Soils.    See  Soils,  Cliemistry  of. 

Cheval-Vapeur.  The  French  unit  by  which  rates  of  work  of  machines  are  com- 
pared. One  such  unit  represents  the  work  performed  in  raising  seventy-five  kilo-. 
frammes  through  one  metre  in  a  second.  It  is  nearly  equivalent,  therefore,  to  the 
English  "  horse-power,"  the  latter  being  33,000  foot-pounds  per  minute,  and  the 
former  nearly  32,500  foot-pounds  per  minute.  (See  Foot-pound;  Kilogrammetre ; 
and  Horse-power.) 

Chevreurs  Chromatic  Circle.  This  consists  of  a  series  of  seventy-two  tints 
passing  gradually  into  one  another,  and  each  modified  by  twenty  shades  varying 
from  almost  white  to  almost  black.  The  whole  diagram,  therefore,  consists  of  1440 
colors,  and  by  referring  to  these  by  number  some  approach  towards  a  standard 
nomenclature  of  color  may  be  obtained.  The  name  is  from  that  of  the  French 
savant  who  first  devised  it.  See  Watt's  Dictionary  of  Chemistry,  article  Light, 
page  652.     Also  Guillemin's  Phenome'nes  de  la  Physique. 

Chile  Saltpetre.     See  Nitrates  ;  Nitrate  of  Sodium. 

Chimes,  Electric.  An  electric  toy  used  for  illustrating  attraction  and  repulsion. 
It  consists  of  three  small  bells  suspended  in  a  row  from  a  brass  rod.  The  two  ex- 
treme bells  are  suspended  by  means  of  brass  chains,  the  middle  one  by  a  silk  thread. 
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Thus  when  the  brass  rod  is  hong  by  a  hook  from  the  prime  conductor  of  the  machine 
the  extreme  bells  are  in  connection  with  the  prime  conductor  and  the  middle  one  is 
not.  A  chain  is  brought  from  the  earth  to  the  latter.'  Between  the  bells  are  two 
little  brass  balls  hung  by  silk  threads  in  the  same  line  with  them.  When  the  ma- 
chine is  turned  the  extreme  bells  are  charged ;  they  attract  the  brass  balls,  which 
swing  toward  them  and  strike  agaiust  them.  On  doing  so  the  balls  become  charged 
by  contact  and  are  then  repelled  by  the  extreme  bells  and  attracted  by  the  bell 
connected  with  the  earth,  and  swinging  up  against  it  they  discharge  themselves,  then 
back  again  to  the  extreme  bells,  and  so  on,  ringing  the  bells  all  the  time. 

Chladni's  Figures,  These  are  the  figures  formed  by  sand  which  is  strewn  upon 
a  horizontal  plate  clamped  at  one  point  and  set  in  vibration  by  a  violin  bow.  The 
formation  of  the  figure  is  an  immediate  consequence  of  the  formation  of  nodal  lines 
or  lines  of  rest.  I?  the  plate  be  square  and  clamped  in  the  middle,  the  lowest  or 
fundamental  note  is  produced  when  the  plate  vibrates  in  four  segments.  (Figs.  20 
and  21.)  If  the  finger  be  lightly  placed  at  one  corner  and  the  bow  be  drawn  across 
the  edge  at  the  centre  of  one  of  the  adjacent  sides,  the  only  lines  of  rest  will  be  the 
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two  diagonals.  These  will  divide  the  square  into  four  segments,  of  which  the  two 
opposite  ones  are  always  in  the  act  of  ascending  or  descending  together,  while  the 
neighboring  segments  are  so  related  that  when  one  is  going  up  its  neighbors  are 
going  down,  and  vice  versa.  The  particles  of  sand  are  tossed  about  as  long  as  they 
arc  upon  the  moving  segments,  but  when  they  fall  upon  the  nodal  lines  (in  this  case 
the  diagonals)  they  remain  at  rest.  The  result  is  that  the  sand  quickly  accumulates 
on  these  lines.  A  square  plate  may  also  be  made  to  vibrate  in  four  segments  by 
touching  the  centre  of  one  of  the  sides  with  the  finger  and  drawing  the  bow  across 
the  corner.  The  nodal  lines  in  this  case  are  the  two  straight  lines  joining  the  centres 
of  the  opposite  sides.  If,  in  either  of  the  above  cases,  the  finger  being  placed  as 
before,  tne  bow  be  drawn  more  lightly  and  rapidly,  it  is  possible  to  make  the  plate 
sound  the  higher  octave.  This  is  immediately  exhibited  by  the  nodal  lines,  four 
curved  fresh  lines  not  crossing  the  original  ones  being  produced,  so  that  the  whole 
plate  is  divided  into  eight  segments.  By  varying  the  points  at  which  the  finger  is 
placed  and  the  bow  drawn,  a  countless  variety  of  figures  of  great  beauty  may  be  pro- 
duced. The  number  may  be  further  increased  by  varying  the  point  at  which  the 
plate  is  clamped.  In  all  cases,  the  point  touched  by  the  finger  and  all  symmetrically 
situated  points  are  the  extremities  of  nodal  lines,  while  the  point  scraped  by  the  bow 
and  all  symmetrically  situated  points  are  in  maximum  vibration.  The  relation  be- 
tween the  pitch  of  the  note  and  the  number  of  segments  in  which  the  plate  is  divided 
is  well  shown  by  means  of  a  circular  dish  clamped  in  the  centre.  If  the  finger  and 
bow  are  one-eighth  of  the  circumference  apart,  the  segments  are  four  in  number  and 
the  fundamental  note  is  produced.  If  the  distance  between  the  two  is  one-sixteenth 
of  the  circumference,  the  higher  octave  is  produced,  and  so  on.  Circular  segments' 
may  be  obtained  by  clamping  the  circular  disk  eccentrically,  making  a  hole  in  its 
centre  and  drawing  a  few  horse  hairs  through  it.  The  point  where  the  plate  is 
clamped  will  be  a  point  on  the  nodal  circle.  The  same  effect  may  be  shown  in  a 
more  striking  manner  by  fastening  a  rod  of  wood  or  brass  to  the  centre  of  the  disk 
and  (holding  the  rod  in  the  middle)  setting  it  in  longitudinal  vibration  by  rubbing  it 
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with  resincd  leather.  Sand  strewn  on  the  disk  will  arrange  itself  in  tha  rings  of 
nodal  lines  which  will  be  more  numerous  the  shorter  is  (he  rod.  Sand  figures  pro- 
duced in  any  of  these  ways  can  be  rendered  permanent  by  transferring  them  to  blick- 
ened  paper,  the  surface  of  which  has  been  moistened  with  gum.  If  iron  filings  are 
used  instead  of  wind,  they  may  be  exposed  to  the  vapor  of  uitro-bydroohloric  acid 
until  some  pcrchloride  of  iron  is  formed,  then  a  piece  of  while  paper  moistened  with 
ferro-cyanide  of  potassium  is  pressed  upon  them;  the  filings  print  themselves  in 
Prussian  blue. 

Chloral.  (Ho  named  to  indicate  its  origin  from  chloriae  and  nicohol.)  A.  color- 
less oily-looking  fluid  of  a  peculiar  penetrating  odor,  soluble  in  alcohol,  water,  and 
ether.  It  is  prepared  by  passing  dry  chlorine  into  anhydrous  alcohol ;  a  copious 
evolution  of  hydrochloric  acid  takes  place,  and  chloral  (0,Cl,HO)  is  formed.  When 
a  small  quantity  of  water  is  added  to  chloral,  they  unite,  forming  a  crystalline  com- 
pottnd  of  considerable  stability  in  the  air.  When  chloral,  or  its  hydrate,  is  mixed 
with  a  caustic  alkali,  it  is  immediately  decomposed  into  a  formeate  and  chloroform. 
Kept  in  the  anhydrous  slate  for  a  few  days,  chloral  gradually  changes  to  a  white 
mass  like  porcelain,  without,  however,  any  alteration  in  chemical  composition.  Hy- 
drate of  chloral  is  of  considerable  value  in  medicine,  as  it  is  a  very  powerful  hyp- 
notic, rapidly  producing  sound  and  refreshing  sleep,  whilst  it  does  not  appear  to  be 
followed  by  injurious  reaction. 
Chloric  Acid.  See  Chlorine. 
Chloride  Of  Lime.     See  Chlorine,  Hypochlorites. 

Chlorine.  (tfiupo*.  green.)  A  yellowish-green  gas,  of  a  very  pungent  and  not 
(beating  odor.  Specific  gravity  about  2.5  j  atomic  weight  35.5  ;  symbol  CI.  When 
condensed  by  a  pressure  of  four  atmospheres  it  becomes  a  yellow  liquid  of  specific 
gravity  1.33.  1  ho  gus  dissolves  in  half  its  volume  of  water,  forming  a  faint  yellow 
solution,  with  the  peculiar  smell  of  chlorine.  When  passed  into  water  which  is  near 
the  freezing  point,  a  Hydrate  of  chlorine  (C1.5H.O)  separates  in  crystals.  Id  its 
chemical  properties  chlorine  is  very  energetic,  uniting  directly  with  many  other  ele- 
ments, sometimes  with  incandescence,  as,  for  instance,  with  phosphorus,  arsenic,  anti- 
mony, etc. ;  and  also  with  many  organic  compounds,  its  principal  action  being  to 
nnite  with  hydrogen  to  form  hydro- 
Fig.  22.  chloric  acid.  Its  affinity  for  hydro- 
gen is  one  of  its  strongest  charac- 
teristics ;  it  decomposes  with  sepa- 
ration of  oxygen,  and  thus  indirectly 
acts  as  a  powerful  oxidising  agent; 
hence  chlorine  is  of  great  value  in 
destroying  organic  coloring  and 
other  matters,  and  also  ua  a  bleach- 
ing agent  and  disinfectant.  Chlo- 
rine is  prepared  by  oxidizing  hydro- 
chloric acid,  by  heating  it  with 
binoxide  of  manganese.  (Fig.  22.) 
The  compounds  of  chlorine  are  very 
numerous  and  important ;  those 
which  are  not  described  below  will 
be  to  mid  under  the  name  of  the 
other  element  of  the  compound. 

The  oxygen  compounds  of  chlo- 
rine are  Uypochlorous  acid,  Chlo- 
roitnacid,Chliiria  acid.  Perchloric 
acid,  besides  other  oxides  of  unim- 
portant properties,  and  less  definite 
composition. 

Hypochlorous  Acid,  a  pale  red- 
dish-yellow gas.  with  au  odo«  strong- 
ly resembling  that  of  chlorine. 
Formula  C1,0 ;  when  slightly  heat- 
ed it  decomposes  with  explosion ; 
it  dissolves  in  water,  forming  a  yellowish  sol  ntion,  with  an  acid  reaction  ;  it  possesses 
strong  bleaching  properties,  and  unites  with  bases  to  form  salts.    Three  of  these. 
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the  calcium,  sodium,  and  potassium  salts,  are  of  great  use  as  bleaching  substances 
and  disinfectants. 

Hypochlorite  of  Calcium  (CICaO),  known  as  chloride  of  lime.  A  dry  white 
powder,  of  a  peculiar  chlorous  smell,  and  strong  bleaching  and  disinfecting  proper- 
ties, somewhat  soluble  In  cold  water,  but  decomposing  when  heated.  It  is  iormed, 
on  the  large  scale,  by  passing  chlorine  gas  over  slaked  lime  to  saturation. 

Hypochlorite  of  bodium.  The  compound  known  under  this  name  is  a  mixture 
of  hypochlorite  and  chloride  of  sodium ;  it  is  prepared  bv  passing  chlorine  gas 
through  caustic  soda,  or  by  decomposing  chloride  of  lime,  (hypochlorite  of  calcium) 
with  carbonate  or  sulphate  of  sodium. 

Hypochlorite  of  Potassium,  or  Eau  de  Javelle,  is  prepared  in  a  similar  manner 
to  the  above ;  it  is  also  similar  in  composition  and  properties.  The  hypochlorites  of 
magnesium,  aluminium,  and  zinc  have  also  been  proposed  for  use  as  bleaching  agents. 

Chlorous  Acid  (Cla03)  is  a  yellowish-green  gas,  very  similar  to  hypochlorous  acid ; 
it  forms  salts  with  bases,  but  they  are  unimportant. 

Chloric  Acid  (HC105).  A  colorless  syrupy  liquid,  strongly  acid,  and  very  power- 
ful as  an  oxidizing  and  bleaching  agent.  With  bases  it  forms  well-defined  salts 
which  are  decomposed  by  heat  with  evolution  of  oxygen,  and  detonate  when  heated 
with  combustible  bodies ;  the  most  important  of  these  are  the  following : — 

Chlorate  of  Barium  (BaC103).  This  forms  large  prismatic  colorless  crystals, 
which  decrepitate  and  melt  when  heated  to  a  temperature  approaching  redness ;  the 
salt  is  readily  soluble  in  water ;  it  is  much  used  in  pyrotechny,  as  it  produces  an  in- 
tense green  fight  when  it  is  heated  with  sulphur  or  other  combustibles. 

Chlorate  of  Potassium  (KC103).  A  salt  which  crystallizes  in  1  arte  six-sided 
plates,  quite  permanent  in  the  air,  and  soluble  in  water ;  when  heated  it  fuses,  evolv- 
ing oxygen,  and  leaving  a  residue  of  chloride  of  potassium.  It  is  largely  used  in 
laboratories  as  a  source  of  oxygen  gas.  When  mixed  with  combustible  substances, 
such  as  sulphur,  antimony,  or  phosphorus,  and  struck  with  a  hammer,  the  mixture 
detonates  ;  when  mixed  with  some  other  combustibles,  and  touched  with  a  drop  of 
concentrated  sulphuric  acid,  the  whole  ignites  with  a  bright  flash  ;  when  added  to 
strong  sulphuric  acid,  gaseous  peroxide  of  chlorine  is  given  off,  which  ignites  com- 
bustible bodies;  when  heated  with  strong  nitric  acid,  a  mixture  of  chlorine  and 
oxygen  is  evolved,  and  with  strong  hydrochloric  acid,  a  mixture  of  peroxide  of  chlo- 
rine and  chlorine.  Chlorate  of  potassium  is  largely  used  as  an  oxidizing  agent  in 
the  laboratory,  and  in  some  manufacturing  operations,  in  calico  printing,  for  in- 
stance ;  and  it  is  also  used  in  the  manufacture  of  lucifer  matches,  fireworks,  and  per- 
cussion caps. 

Perchloric  Acid  (HC104).  In  the  pure  state  this  is  a  colorless  oily  liquid,  very 
Tolatile,  and  easily  decomposed.  Specific  gravity  1.782.  It  is,  perhaps,  the  most 
powerful  oxidizing  agent  known ;  a  single  drop  brought  in  contact  with  charcoal, 
or  other  combustible  body,  induces  combustion  with  explosive  violence.  It  unites 
energetically  with  water,  forming  a  hydrate  (11C104H.,0),  a  white  solid  crystalline 
substance  melting  at  50°  C.  (122°  F.)  This  is  almost  as  violent  in  its  oxidizing 
powers  as  the  anhydrous  acid.  Perchloric  acid  unites  with  bases  to  form  well-de- 
nned saltH.  which  are,  for  the  most  part,  very  soluble  in  water;  the  only  one  which 
need  be  mentioned  is  Perchlorate  of  Potassium.  This  is  formed  by  carefully  heat- 
ing chlorate  of  potassium  to  a  little  above  its  fusing  point ;  after  a  short  time  oxy- 
gen ceases  to  come  off,  and  the  liquid  mass  becomes  pasty.  From  this,  perchlorate 
of  potassium  is  obtained  by  crystallization;  it  is  sparingly  soluble  in  cold  water, 
ana  decomposes  at  a  dull  red  heat  into  chloride  of  potassium  and  oxygen. 

Chlorhydric  Acid  (HOI).     See  Hydrochloric  Acid. 

Chlorides.  Chlorine  unites  with  almost  every  other  element,  and  with  numerous 
organic  compounds,  such  as  organo-metallic  radicals,  alcohol  radicals,  aldebyd  radi- 
cals, and  acid  radicals.  All  chlorides  which  are  of  importance  will  be  found  de- 
scribed under  their  respective  names ;  those  of  the  metals  being  given  under  their 
headings. 

Chlorine,  Spectrum  of.  The  absorption  lines,  produced  by  the  passage  of  the 
solar  light  through  chlorine,  have  been  examined  by  Morren  ( Comptes  Rendus. 
Ixviii.  p.  376).  He  has  found  that  by  employing  a  spectroscope  of  five  prisms  of 
highly  dispersive  flint  glass,  absorption  lines  are  distinctly  visible  in  the  spectrum 
of  light  wnich  has  traversed  a  tube  filled  with  chlorine,  two  meters  in  length.  The 
lines  begin  to  be  visible  in  that  part  of  the  spectrum  near  B.    They  vary  in  inten- 
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sity,  fineness,  and  mode  of  grouping,  and  exhibit  some  slight  free  spaces.  They 
have  no  regular  order,  and  extend  beyond  the  ray  F,  towards  the  ray  2110  Kirch- 
hoff's  scale.  In  this  last  portion  they  are  very  numerous,  and  almost  equidistant 
The  solar  spectrum  proper  continues  visible  as  far  as  2210,  but  after  that  the  light 
is  completely  absorbed.  Chlorine  therefore  absorbs  the  colored  portion  of  the  spec- 
trum where  the  chemical  rays  are  most  abundant.     (See  Spectrum.) 

Chlorochromio  Acid.     See  Chromium. 

Chlorocodide.  By  acting  on  codeia  with  a  great  excess  of  hydrochloric  acid  at 
a  high  temperature,  apomorphia  is  produced,  but  by  a  modification  of  the  experi- 
ment Messrs.  Matthiessen  hnd  Wright  obtained  a  base  which  they  call  chorocoaide, 
of  the  composition  C^H^ClNOy  It  has  no  marked  physiological  action.  (Proc. 
R.  S.  xviii.  p.  83.) 

Chloroform,  or  Per  chloride  of  Formyl.  A  transparent,  colorless,  oily  liquid,  which 
boils  at  61°  C.  (142°  F.),  and  distils  without  change.  Specific  gravity  1.49.  The 
odor  is  pleasant  and  ethereal,  and  when  inhaled  the  vapor  rapidly  produces  uncon- 
sciousness and  insensibility  to  pain ;  on  this  account  chloroform  is  extensively  used 
as  an  anaesthetic  in  surgical  operations.  Chloroform  is  slightly  soluble  in  water, 
and  mixes  in  all  proportions  with  alcohol  and  ether.  It  dissolves  phosphorus, 
sulphur,  iodine,  and  many  organic  bases.  The  formula  of  chloroform  is  CHC13; 
it  is  prepared  on  the  large  scale  by  distilling  bleaching  powder  (hypochlorite  of 
lime)  with  alcohol. 

Cnlorophyl.  The  green  coloring  matter  of  leaves.  In  the  purest  state  in  which 
it  has  been  obtained,  it  is  a  dark  green  powder,  unaffected  by  any  heat  below  200°  C. 
(392°  FX  insoluble  in  water,  slightly  soluble  in  ether,  and  more  bo  in  alcohol.  Acids 
and  alkalies  dissolve  it.  The  formula  has  not  been  satisfactorily  determined.  Some 
observers  consider  that  it  contains  iron,  and  has  some  resemblance  to  the  coloring 
matter  of  the  blood ;  others,  however,  do  not  admit  this. 

Chloroplatinates.  Compounds  of  platinic  chloride  and  other  chlorides  are  called 
chloroplatinates.  These  double  salts  usually  crystallize  with  great  facility,  and  are 
difficultly  soluble  in  water.  The  chloroplatinates  of  organic  bases  are  usually  em- 
ployed for  the  purpose  of  fixing  their  composition,  as  they  are  prepared  and  puri- 
fied with  great  facility,  and  on  ignition  leave  pure  platinum.  The  following  chlo- 
roplatinates deserve  mention : — 

Chloroplatinate  of  A mmonium  (NH4)2PtCl6.  This  is  a  lemon-yellow  powder, 
almost  insoluble  in  water,  which  is  precipitated  when  chloride  of  ammonium  is  added 
to  platiuic  chloride.     On  ignition  it  leaves  spongy  platinum. 

Chloroplatinate  of  Potassium,  K2PtCl6,  much  resembles  the  ammonium  salt.  It 
is  very  sparingly  soluble  in  water. 

The  Chloroplatinates  of  Caesium  and  Rubidium  have  similar  composition  to 
the  above,  and  are  still  less  soluble  in  water.  An  aqueous  solution  of  chloroplati- 
nate  of  potassium  is  sometimes  used  as  a  test  for  the  presence  of  both  rubidium  and 
caesium. 

Chloroplatinate  of  Sodium  is  easily  soluble  in  water,  and  crystallizes  in  light 
yellow  prisms.  Platinic  chloride  is  used  in  quantitative  analysis  as  a  means  of  sepa- 
rating potassium  from  sodium. 

Choke  Damp.     See  Carbon,  Carbonic  Acid. 

Cholesterin.  A  fatty  substance  extracted  from  gall  stones ;  it  occurs  in  bile, 
blood,  brain,  yolk  of  egg,  etc.  It  is  a  white,  tasteless,  inodorous  substance,  crystal- 
lizing in  pearly  scales,  insoluble  in  water,  but  easily  so  in  hot  alcohol,  from  which  it 
separates  in  crystals  on  cooling.  Formula  C^H^O.  It  melts  at  137°  C.  (279°  F.), 
and  distils  at  200°  C.  (392°  F.)  without  alteration. 

Chord.  In  music  tho  union  of  two  or  more  sounds  produced  at  the  same  time  in 
consequence  of  the  recurrent  coincidence  at  6hort  intervals  of  their  constituent  vi- 
brations.    (See  Harmony.) 

Choroid  Coat,  (goptopa,  membrane,  and  «&*,  form.)  A  delicate  membrane  lin- 
ing the  inner  surface  of  the  sclerotic  coating  of  the  eye.     (See  Eye.) 

Chromates.  Combinations  of  chromic  acid  with  bases  are  called  chromates ;  the 
most  important  are  the  following : — 

Chromate  of  Barium  (BaCr02).  A  pale  yellow  powder,  insoluble  in  water ; 
sometimes  used  as  a  pigment. 

Chromate  of  Lead  (PbCrO,).  This  is  found  native  in  translucent  reddish-yellow 
crystals,  known  under  the  name  of  red  lead  ore.    Artificially  prepared  it  is  a  yellow, 
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insoluble  powder,  which  varies  in  shade  according  to  the  mode  of  preparation,  and 
is  much  used  as  a  pigment  under  the  name  of  Chrome  Yellow.  A  basic  chromate 
of  lead  (PbX).2PbCr02),  is  also  prepared  as  a  pigment  by  heating  the  neutral  chro- 
mate with  alkalies.    It  is  of  a  deep  orange-red  coior,  and  is  known  as  Chrome  Red. 

Chromate*  of  Potassium.  These  arc  prepared  on  the  large  scale,  and  are  much 
used  in  the  arts  and  manufactures.  The  neutral  or  yellow  chromate  of  potassium 
forms  six-sided  pyramids  of  a  pale  lemon-yellow  color,  soluble  in  about  twice  its 
weight  of  cold  water,  much  more  so  in  hot  water,  and  insoluble  in  alcohol.  Acid 
chromate  of  potassium  (K,0.2Cr203),  known  also  as  Bi-chromate  of  Potash  or  Red 
Chromate  of  Potash.  Crystallizes  in  rich  red  prisms,  which  arc  permanent  in  the 
air.  It  dissolves  in  ten  times  its  weight  in  cold  water,  and  in  less  of  hot.  At  a 
little  below  redness  it  melts,  and  on  cooling  solidifies  without  altering  in  composi- 
tion. It  is  a  powerful  oxidiziug  agent,  and  is  largely  employed  in  dyeing  and  calico 
printing,  and  in  the  preparation  of  colored  pigments. 

Chromate  of  Silver  ( AgCr02),  a  scarlet  insoluble  powder,  precipitated  when  a 
soluble  chromate  is  added  to  nitrate  of  silver. 

Chromatic  Circle,  Chevreul's.     (zp^^t txoj— arp*y*a,  color ;  zp*™*!"*  to  stain.) 

See  ChevreuVs  Chromatic  Circle. 

Chromatic  Dynamometer.    See  Dynamometer,  Chromatic. 

Chromatics.  That  branch  of  the  science  of  optics  which  relates  to  color.  The 
spectrum  is  a  chromatic  scale  of  colour. 

Chromatoscope.    See  Scintillation. 

Chrome  Alum.    See  Alum. 
Chrome  Iron  Ore.    See  Chromium. 

Chrome  Bed.    See  Cliromales,  Cliromate  of  Lead. 

Chrome  Yellow.    See  Chromates,  Chromate  of  Lead. 

Chromium.  (gpupa,  color.)  A  metallic  element  discovered  by  Yauquelin.  Sym- 
bol Cr.  Atomic  weight  26.2.  It  is  almost  unknown  in  the  metallic  state.  Its  com- 
pounds are  remarkable  for  their  numerous  and  brilliant  colors,  whence  its  name. 
l*he  most  abundant  native  compound  is  chrome  iron  ore,  a  combination  of  oxides 
of  iron  and  chromium,  of  the  formula,  when  nure,  Fe,OCr403.  Chromium  forms 
several  oxides,  the  protoxide,  Cr20;  the  svsquioxide,  Cr40, ;  chromic  acid,  Cr.,03; 
and  perchromic  acid,  Cr.07.  The  protoxide  is  very  unstable  and  forms  salts  which 
are  out  little  known.  Tne  sesquioxide  in  the  anhydrous  state  is  a  dark  green  pow- 
der, sometimes  in  rhombohedral  crystals.  When  gradually  heated  it  suddenly  be- 
comes incandescent  and  is  then  almost  insoluble  in  acids.  In  the  hydrated  state  it 
is  a  lighter  green  powder,  soluble  in  fixed  caustic  alkalies,  forming  a  green  solu- 
tion, and  reprecipitated  on  boiling ;  it  is  also  soluble  in  acids.  The  amount  of 
water  it  contains  depends  on  the  manner  of  preparation.  Its  salts  appear  to  exist 
in  two  modifications — green  and  violet. 

Cliromic  Acid  forms  scarlet  needle-shaped  crystals  which  are  deliquescent  in  damp 
air;  they  melt  at  190°  C.  (374°  F.)  and  give  off  oxygen  at  a  higher  temperature, 
being  reduced  to  the  sesquioxide.  Organic  substances  also  rapidly  reduce  it  to  the 
same  compound.    Chromic  acid  forms  salts  with  bases.     (See  Chromates.) 

Perchromic  Acid.  A  blue  substance  known  only  in  solution,  formed  when  per- 
oxide of  hydrogen  is  mixed  with  a  solution  of  chromic  acid.  It  appears  to  form 
violet  salts,  which  are  readily  decomposed.  Owing  to  the  intensity  of  the  blue 
color  this  reaction  with  peroxide  of  hydrogen  is  sometimes  used  as  a  test  for  chro- 
mium. 

Cldorides  of  Chromium.  The  only  chloride  of  importance  is  the  sesquicJdoride 
(Cr2Cls),  which  forms  shining  laminae  of  a  beautiful  peach  color,  insoluble  in  cold 
water,  but  soluble  in  hot.  It  sublimes  at  a  high  temperature.  The  aqueous  solu- 
tion is  dark  ^reen  and  gives  the  reactions  of  solutions  of  sesquioxides  of  chromium. 
Oxychlorule  of  Chromium  or  Chlorochromic  Acid  (CrCl3.CraO:;)  is  a  deep  blood 
red,  almost  black,  liquid,  formed  by  distilling  a  mixture  of  chromate  of  potasn,  chlo- 
ride of  sodium,  and  strong  sulphuric  acid.  Specific  gravity  1.71.  Boiling  point 
118°  C.  (244.5°  F.)  It  sets  fire  to  easily  combustible  bodies,  and  is  decomposed  by 
water  into  chromic  and  hydrochloric  acids. 

Chromo-FhotOgraphy.  That  branch  of  the  photgraphic  art  which  relates  to  the 
production  of  photographs  in  their  natural  colors.  Many  attempts  have  been  made 
to  produce  photographs  in  natural  colors ;  this  has  been  partially  nccomplished  by 
Niepce  de  St.  Victor,  E.  Becquerel,  and  others,  and  tolerably  truthful  representa- 
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tions  of  colored  objects  and  even  the  solar  spectrum  have  been  exhibited  by  those 
experimentalists ;  but  all  attempts  to  render  them  permanent  have  hitherto  failed ; 
exposure  to  light  gradually  obliterates  them.    (See  Photography.) 

Chromosphere.  (*Mua,  the  color  of  the  skin ;  o$a*pa,  a  sphere.)  The  name 
given  by  Mr.  Lockyer  to  a  solar  envelope  first  fully  recognized  by  Secchi.  "  The 
observation  of  eclipses,"  says  Secchi,  "  furnishes  indisputable  evidence  that  the  sua 
is  really  surrounded  by  a  layer  of  red  matter,  of  which  we  commonly  see  no  more 
than  the  most  elevated  points." — Etudes  Religieuses,  Historiques,  et  Litteratres, 
August  1867.  The  spectroscopic  observations  of  Mr.  Lockyer  supply  abundant  evi- 
dence of  the  justice  of  Secchi's  view. 

Chronology.  (*pwoju>y«x.)  The  science  which  treats  of  the  different  divisions  of 
time,  whether  as  relating  to  astronomical  or  other  events.  The  astronomical  rela- 
tions of  chronology  are  considered  chiefly  under  the  heads  Bissextile,  Calendar, 
Cycle,  Tear ,  etc.  Historical  chronology  is  only  related  to  the  subject  treated  of  in 
this  work,  in  so  far  as  certain  historical  events  have  been  associated  with  such  astro- 
nomical occurrences  as  solar  or  lunar  eclipses,  occultations,  the  appearance  of  comets, 
and  the  like.  But  even  those  relations  cannot  be  considered  here,  as  their  due  treat- 
ment requires  much  more  space  than  is  available,  besides  involving  a  multitude  of 
considerations  which  lie  wholly  apart  from  the  scope  of  this  work. 

Chronometer.  (zp6*>i  time,  and  p*Vpw,  measure.)  A  watch  constructed  with 
special  care  to  insure  accurate  time  measurements  during  long  intervals  of  time. 
For  this  purpose  a  number  of  contrivances  are  made  use  of,  the  chief  having  refer- 
ence, first,  to  the  effects  accruing  from  variations  of  temperature,  and,  secondly,  to 
the  effects  resulting  from  the  varying  action  of  the  motive  force.  We  owe  to  Har- 
rison the  first  successful  construction  of  accurate  time-keepers.  It  need  hardly  be 
said  that  the  chronometer  is  an  instrument  of  first-rate  importance  to  the  seaman 
undertaking  long  voyages.     (See  Longitude.  Determination  of.) 

Chronoscope.  (*pow>$,  time;  oxort«w,  to  examine.)  An  instrument  invented  by 
Wheatstone  for  the  purpose  of  determining  the  duration  of  the  electric  spark,  and 
the  velocity  of  electric  discharge.  It  is  founded  on  the  optical  effect  known  as  per- 
sistence  of  the  image  on  the  retina ;  that,  in  fact,  which  gives  rise  to  the  appearance 
of  a  line  of  light  when  a  stick  with  a  burning  point  is  whirled  in  the  air.  In  Wheat- 
stone's  instrument  a  small  mirror  was  caused  to  rotate  with  enormous  angular  velocity 
round  an  axis  in  its  own  plane,  and  the  image  of  the  spark  or  other  luminous  object 
was  observed  in  it.  Under  these  circumstances,  if  the  illumination  be  instantaneous, 
the  image  will  appear  as  a  mere  spot  of  light,  precisely  the  same  as  if  the  mirror 
were  at  rest ;  but  if  it  lasts  for  any  time,  then  the  mirror,  moving  on  in  the  interval, 
gives  rise  to  an  image  extended  out  into  a  line  of  light.  This  may  readily  be  ob- 
served by  any  one  who  takes  a  mirror  in  his  hand,  and  either  waves  it  about  or 
makes  it  revolve  in  front  of  a  candle.  It  is  easily  shown  by  geometry  that,  in  the 
case  of  a  revolving  mirror,  the  angular  displacement  of  the  image  is  twice  that  of 
the  mirror.  If,  then,  the  length  of  the  line  of  light  be  measured,  and  if  the  velocity 
of  rotation  of  the  mirror  be  known,  the  duration  of  the  spark  is  calculable.  By 
means  of  the  chronoscope,  Wheatstone  showed  that  an  ordinary  spark  from  an  elec- 
tric machine,  or  from  a  Leyden  jar,  discharged  in  the  common  way,  lasts  less  than 
the  millionth  of  a  second ;  but  that,  in  the  latter  case,  if  the  discharge  takes  place 
through  half  a  mile  of  copper  wire,  the  spark  lasts  for  a  sensible  time.  The  instru- 
ment has  also  been  employed  to  demonstrate  the  discontinuity  of  certain  flames. 

Chrysaniline.    See  Aniline. 

Chryseone.    See  Silicon. 

Ciliary  Body,  or  Process.  ( Ciliumy  xidu*,  eyelashes,  hair.)  The  muscular  fibres 
which  hold  the  crystalline  lens,  and  by  their  contraction  cause  its  curvature  to  be 
altered  for  distinct  vision.     (See  Eye.) 

Cinchona  Bark,  Alkaloids  from.  The  organic  alkaloids  contained  in  these 
barks  consist  of  quinine,  cinchonine,  cinchonidine,  and  quinidinc,  together  with 
quinotannic,  quinovic,  and  quinic  acids.  Of  these  the  quinine  is  by  far  the  most 
important,  and  is  generally  present  in  the  largest  proportion,  although  in  some  barks 
it  is  almost  entirely  replaced  by  cinchonine.  The  percentage  of  quinine  in  the  dried 
bark  is  sometimes  as  high  as  3.7  per  cent.,  and  at  others  as  low  as  0.1  per  cent  or 
less.  The  methods  of  extracting  quinine  and  the  other  valuable  constituents  are 
somewhat  complicated.    Their  preparation  is  conducted  on  a  very  large  scale  in 
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many  parts  of  the  world,  and  so  greatly  is  a  "  quinine  famine"  dreaded  ih  tropical 
countries,  that  energetic  steps  have  been  taken  by  the  government  of  India  to  in- 
troduce the  cultivation  of  the  cinchona  plant  into  various  parts  of  that  country 
where  it  has  not  hitherto  grown,  whilst  other  governments  are  adopting  similar  meas- 
ures to  spread  its  cultivation  elsewhere.  In  localities  where  epidemic  fevers  are 
prevalent,  the  price  of  quinine  has  been  known  to  rise  from  a  few  shillings  per  ounce 
to  upwards  of  £20  per  ounce.  Owing  to  the  great  value  of  the  cinchona  alkaloids 
in  medicine,  attempts  have  repeatedly  been  made  to  prepare  them  artificially,  and 
there  is  little  doubt  that  this  will  some  day  be  accomplished,  although  hitherto  the 
attempts  have  not  been  successful.  For  a  description  of  the  principal  alkaloids,  see 
separate  articles. 

Cinchonidine.  An  organic  alkaloid  sometimes  accompanying  quinine  and  cin- 
chonine  in  cinchona  barks.  It  is  very  sparingly  soluble  in  water,  but  tolerably  so 
in  alcohol.  The  formula  is  not  quite  settled,  but  it  is  supposed  by  Pasteur  to  be 
isomeric  with  cinchonine.  It  forms  hard  anhydrous  rhombic  crystals,  which  have  a 
bitter  taste;    They  melt  at  347°  P.,  and  decompose  at  a  higher  temperature. 

Cinchonine.  An  organic  alkaloid  existing  in  cinchona  barks,  together  with  qui- 
nine. Formula  CMIL4N,0.  It  crystallizes  in  brilliant  colorless  four-sided  needles, 
insoluble  in  water  ana  ether,  and  only  slightly  so  in  alcohol  and  chloroform.  The 
solutions  have  an  alkaline  reaction  and  a  bitter  taste.  When  heated  to  330°  FM  it 
melts  to  a  colorless  liquid,  and  at  a  higher  temperature  sublimes  with  partial  decom- 
position. It  forms  salts  with  acids,  which  are  for  the  most  part  crystalline,  and  soluble 
in  water.  Cinchonine  and  its  salts  are  sometimes  used  in  medicine  as  a  febrifuge, 
bnt  their  effect  is  much  inferior  to  that  of  quinine. 

Cinnabar.     See  Mercury \  Sulphide. 

Circinnjs.  (The  Compasses.)  An  inconspicuous  southern  constellation  formed 
by  Lacaille. 

Circle,  Hour.    See  Hour  Circle. 

Circle  of  the  Celestial  Sphere.  A  circle  in  which  any  plane  intersects  the 
celestial  spore.  Planes  passing  through  the  centre  of  this  sphere  meet  its  surface  in 
great  circles,  as  the  ecliptic,  equator,  prime  vertical  (q.  v.),  etc.  Planes  not  pass- 
ing through  the  centre  meet  the  sphere  in  small  circles.  (See  Parallels.)  When  the 
word  circle  is  combined  with  another  term,  as  decliuation,  latitude,  or  the  like,  the 
circle  referred  to  is  the.  great  circle  on  which  the  declination,  latitude,  or  other  ele- 
ment, as  the  case  may  be,  is  measured.  Thus  a  declination-circle  is  one  which 
passes  through  the  poles  of  the  heavens,  on  which,  therefore,  declinatious  can  be 
measured.    And  so  for  the  rest. 

Circle,  Right  Ascension.    See  Hour  Circle. 

Circuit,  Galvanic.  A  galvanic  pair  through  which  the  current  is  passing  forms 
a  complete  chain,  or  circuit,  as  it  is  called.  Thus,  in  a  typical  case  (see  Galvanic 
Pair),  the  current  may  be  supposed  to  start  from  the  zinc,  pass  through  the  liquid  to 
the  platinum,  and  thence  through  the  wire  back  again  to  the  zinc.  When  the 
platinum  and  the  zinc  plates  are  connected  by  a  wire,  the  circuit  is  said  to  be  closed, 
and  the  current  then  circulates ;  but,  when  the  connection  between  the  plates  is  not 
complete,  the  circuit  is  then  said  to  be  broken  or  interrupted. 

Circular  Polarization.  Imagine  two  rays  of  light  polarized  in  opposite  planes, 
and  superposed  one  upon  the  other.  If  the  undulation  of  one  is  a  quarter  of  a  wave 
length  in  advance  of  that  of  the  other,  they  will  interfere  and  produce  a  circular 
vibration.  A  ray  of  light  produced  in  this  way  possesses  very  remarkable  proper- 
ties, and  it  is  said  to  be  circularly  polarized.  There  are  several  methods  of  pro- 
ducing circularly  polarized  light,  but  the  principle  is  the  same — viz.,  plane  polarized 
light  is  doubly  refracted  in  such  a  way  that  the  two  rectangularly  polarized  waves 
differ  in  their  phase  a  quarter  of  an  undulation.  Comparing  the  undulations  of 
plane  polarized  light  to  a  flat  ribbon,  those  of  circularly  polarized  light,  or  rotatory 
polarized  light,  as  it  is  sometimes  called,  may  be  compared  to  a  corkscrew.  Plane 
polarized  light  becomes  circularly  polarized  by  passing  through  a  plate  of  ouartz, 
and  through  many  liquids  and  aqueous  solutions.  (See  Polarized  Light;  Polariza- 
tion. Plane  of.) 

If  the  two  rays  of  light  do  not  differ  in  phase  an  exact  quarter  of  an  undulation, 
but  some  fractional  number,  the  vibratory  movement  will  not  be  circular,  but  ellifv- 
tical,  and  the  ray  of  light  is  then  said  to  be  elliptically  polarized.  The  form  of  the 
vibration  may  vary  from  almost  circular  to  almost  plane. 
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Circular  Polarization,  induced  by  Magnetic  Action.    Faraday  discovered 

that  many  bodies,  which  in  their  ordinary  state  exerted  no  action  on  light  when 
examined  in  the  polariscope,  became  capable  of  circular  polarization  when  submitted 
to  powerful  magnetic  action.  He  placed  a  piece  of  heavy  glass  (Boro-eilicate  of 
lead)  about  two  inches  square  and  half  an  inch  thick, having  flat  and  polished  edges, 
between  the  poles  of  an  electro-magnet,  so  that  a  polarized  ray  of  light  should  pass 
through  its  length  ;  when  the  electric  current  was  not  passing,  the  glass  acted  as  an 
indifferent  substance,  and  if  the  analyzer  was  turned  to  zero  (giving  a  black  field), 
the  introduction  of  the  glass  made  no  alteration.  In  this  condition  of  things  the 
force  of  the  electro-magnet  was  developed,  and  in  a  second  or  two  the  field  became 
luminous,  and  continued  so  as  long  as  the  electric  current  was  passing.  On  stop- 
ping it,  and  so  causing  the  magnetic  force  to  cease,  the  light  instantly  disappeared. 
The  character  of  the  action  thus  impressed  on  the  heavy  glass  is  that  of  rotation, 
for  when  the  field  has  thus  been  rendered  luminous,  revolution  of  the  eyepiece  more 
or  less  to  the  right  or  left  will  cause  its  extinction.  When  the  pole  nearest  to  the 
observer  was  north,  the  deviation  of  the  ray  was  right-handed,  and  when  the  direc- 
tion of  the  electric  current  was  reversed  so  as  to  change  the  poles,  the  deviation 
became  left-handed.  The  same  effect,  but  in  a  much  feebler  degree,  is  produced 
when  a  helix  of  covered  wire  is  used  instead  of  an  electro-magnet,  and  it  has  been 
found  that  this  property  of  rotating  the  polarized  ray  under  magnetic  action  is 
somewhat  general.  Bertin  (Ann.  de  Chimie,  iii.  xxiii.  31)  gives  the  following 
rotatory  power  for  columns  of  equal  length  of  various  bodies  at  ordinary  tempe: 
tures,  assuming  that  of  heavy  glass  as  equal  to  1 : — 


Heavy  glass 
Stannic  chloride  . 
Carbonic  di-sulphide 
Common  flint  glass 


1.00 
0.77 
0.74 
0.53 


Phosphorous  chloride  .        .  0.51 

Water         ....  0.25 

Alcohol       ....  0.18 

Ether 0.15 


Circular  Polarization  of  Liquids.  When  certain  liquids,  such  as  turpentine, 
or  an  aqueous  solution  of  cane  sugar,  are  placed  in  a  tube  closed  at  each  end  with  a 
plate  of  glass,  and  examined  in  the  polariscope,  they  are  seen  to  possess  the  property 
of  circularly  polarizing  light,  giving,  on  rotating  the  analyzer,  the  series  of  natural 
colors ;  and  like  quartz,  the  liquid  may  be  right-handed  or  left-handed.  By  appro- 
priate chemical  treatment,  liquids  originally  neutral  may  have  this  property  con- 
ferred upon  them  ;  a  liquid  possessing  this  property  originally  may  have  it  removed ; 
and  a  liquid  rotating  the  plane  of  polarization  in  one  direction  may  be  altered  so  as 
to  turn  it  in  the  opposite  direction.  As,  in  a  column  of  solution  of  definite  length, 
the  amount  of  rotation  depends  on  the  quantity  of  active  substance  dissolved  in  it, 
the  polariscope  may  become  an  agent  of  quantitative  chemical  analysis.  (See  Sao 
charometer,  Opt? cat  ;  Polarized  Light.) 

Circumpolar  Star.     ( Circum,  around,  and  Polus,  the  pole.)     Stars  which  com- 

Slete  their  circuit  around  the  pole  of  the  heavens  without  setting.  Such  stars  must 
e  at  a  distance  from  the  pole  not  exceeding  the  latitude  of  the  plane  of  observa- 
tion. 

Cirro-stratus.    See  Cloud. 

Cirrus.    See  Cloud. 

Cistern  Barometer.    See  Barometer. 

Citric  Acid.  A  colorless  crystalline  acid  present  in  orange  and  lemon-juice,  and 
in  many  other  fruits.  Its  formula  is  C6H80--|-H20.  It  forms  large  transparent 
colorless  prisms,  which  are  very  soluble  in  water  and  alcohol.  Its  solution  has  a 
strong,  pleasant,  acid  taste.     It  unites  with  bases  forming  citrates. 

Clamp.  Dutch,  Klamp,  from  Klamptn,  to  fasten,  adjust.)  A  term  applied  to 
pieces  of  mechanism  for  holding  together  parts  which  have  frequently  to  be  fastened 
and  unfastened  when  in  use.  The  screws  which  usually  form  the  important  part  of 
a  clamp  are  called  adjusting-screws.  Clamps  have  a  great  variety  of  applications 
and  forms ;  a  joiner,  for  instance,  has  a  clamp  attached  to  his  bench  to  enable  him 
to  fix  small  portions  of  his  work  very  firmly.  Clamps  or  adjusting-screws  afford 
ready  means  of  bringing  into  temporary  connection  portions  of  machinery  or  of 
scientific  apparatus  which  are  usually  disconnected. 

Cleavage,  Electricity  of.  Certain  laminated  mineral  when  cleft  exhibit,  on  the 
faces  of  cleavage,  electric  excitement.  Thus,  if  isulating  handles  be  attached  to 
opposite  faces  of  a  plate  of  mica,  and  if,  by  means  of  them,  the  plate  be  pulled  so 
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as  to  become  cleft  in  two,  it  will  be  found  that  one  of  the  fresh  faces  becomes  posi- 
tively and  the  other  negatively  electrified.  In  many  cases  also,  if  plates  of  such 
minerals,  furnished  with  isulating  handles,  be  pressed  together  firmly  and  then 
separated,  one  will  be  found  excited  positively  and  the  other  negatively.  This 
phenomenon  is  spoken  of  as  the  electric  excitement  produced  by  cleavage.  (See 
Electricity.) 

Clepsydra,  (xX«4*)3pa,  from  xxirftw,  to  steal,  take  secretly  and  artfully ;  and  tftup, 
water.;  An  ancient  contrivance  by  which  water  was  used  to  measure  time.  Its 
principle  was  essentially  similar  to  that  which  lies  at  the  root  of  all  our  modern 
methods  of  time-keeping — viz.,  that  of  mechanical  action  artificially  brought  into 
play.  In  the  clepsydra  or  water-clock,  which  was  invented  by  the  Egyptians,  water 
was  caused  to  flow  continuously  into  a  funnel,  at  the  bottom  of  which  was  a  small 
aperture.  The  quantity  of  fluid  passing  through  this  hole  measured  the  lapse  of  time. 
Ctesebius,  an  Alexandrian  philosopher,  is  recorded  to  have  improved  the  clepsydra. 
It  was  constructed  in  ma*y  forms,  and  in  common  life  employed  more  generally  in 
winter  and  at  night  when  the  sundial  was  not  available.  It  was  capable  of  being 
brought  to  a  considerable  degree  of  perfection  ;  but  very  great  care  and  ingenuity 
were  constantly  necessary  to  obviate  the  inequality  of  speed  with  which  the  fluid 
ran  out,  owiug  (1)  to  the  decrease  in  the  hydrostatic  pressure  as  the  fluid  diminished 
in  quantity,  and  (2)  the  variability  in  speed  under  different  atmospheric  densities 
and  temperatures.  Nevertheless  it  was  by  the  clepsydra  that  the  Egyptians  laid 
down  the  course  of  the  sun,  that  Tycho  Brahe  traced  the  motion  of  the  stars,  that 
all  astronomers  made  and  recorded  their  observations,  before  the  discovery  of  the 
isochronism  of  bodies  in  oscillation,  and  especially  of  the  pendulum,  rendered  pos- 
sible the  construction  of  accurate  time-pieces. 

The  clepsydra  was  first  mentioned  by  Empedocles,  who  lived  in  the  fifth  century 
before  Christ;  Aristotle  quotes  Empedocles  on  the  subject  in  his  treatise  De  Respi- 
ratione.  Aristophanes,  in  his  play  of  the  Birds,  mentions  it  as  used  to  time  lawyers' 
speeches  in  law-courts. 

More  recently,  the  late  Captain  Kater  devised  an  instrument  on  the  same  princi- 
ple as  the  clepsydra,  to  obtain  exact  measure  of  fractions  of  a  second.  Pure  mer- 
enry,  kept  at  a  constant  level  in  the  funnel,  is  the  fluid  issuing  from  the  aperture ; 
and  the  stream  is  caused  to  flow  into  a  small  receiver  at  the  moment  of  commence- 
ment of  an  observation,  and  to  be  turned  away  at  the  instant  when  the  phenomenon 
observed  ceases.  If  then  it  be  known  how  many  grains  of  mercury  issue  from  the 
aperture  in  one  second,  and  the  weight  of  mercury  issuing  from  the  fuunel  during  a 
given  observation  can  be  exactly  ascertained,  we  obtain  a  very  accurate  measure  of 
the  duration  of  the  observation.     (See  Horology.) 

Climate,  (xXtjto,  from  xJuVo,  to  incline.)  In  its  ancient  use  this  word  signified 
the  varying  obliquity  of  the  celestial  sphere  with  respect  to  the  horizon  in  different 
latitudes.  At  present  it  is  used  to  signify  the  physical  habitudes  of  any  country  or 
district  with  regard  to  those  atmospheric  conditions  which  affect  the  welfare  of  its 
inhabitants.  Humboldt  has  said  that  •'  it  includes  all  those  modifications  of  the 
atmosphere  by  which  our  organs  are  affected — such  as  temperature,  humidity,  varia- 
tions of  barometric  pressure,  the  tranquillity  of  the  atmosphere  or  its  subjection  to 
foreign  winds,  its  purity  or  admixture  with  gaseous  exhalations,  and  its  ordinary 
transparency — that  clearness  of  sky  so  important  through  its  influence,  not  only  on 
the  radiation  of  heat  from  the  soil,  the  development  of  organic  tissue  and  the 
ripening  of  fruits,  but  also  on  the  outflow  of  moral  sentiments  in  the  different 
races." 

If  the  surface  of  the  earth  were  perfectly  uniform,  or  symmetrically  distributed 
into  districts  of  land  and  water  arranged  in  zones  along  latitude-parallels,  and  if  the 
strata  of  the  soil  were  throughout  of  like  density,  radiating  power,  and  elevation, 
the  different  climates  of  the  earth  would  be  bounded  by  latitude-parallels.  Under 
the  actual  circumstances,  however,  this  is  far  from  being  the  case.  Land  and  water 
are  distributed  in  a  manner  which  hardly  presents  the  semblance  of  law ;  elevations 
and  depressions  not  merely  of  areas  of  considerable  extent,  but  of  whole  countries, 
are  found  in  each  hemisphere ;  and  endless  diversities  of  soil,  contour,  and  distribu- 
tion disturb  that  mathematical  uniformity  and  exactness  which  could  alone  produce 
the  co-ordination  of  climates  under  latitude-parallels.  Geographical  position,  there- 
fore, though  of  extreme  importance  in  influencing  the  climate  of  a  country,  is  not 
by  any  means  the  only  circumstance  to  be  considered.    Its  iufluence,  so  far  as  it  ex- 
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tends,  depends  on  the  different  elevation  reached  by  the  mid-day  sun  in  different 
countries.  It  is  obvious  that  the  higher  the  mid-day  sun  in  the  sky  the  greater  will 
be  the  current  of  heat  poured  by  him  on  any  given  horizontal  area  exposed  to  his 
rays.  In  considering  the  effect  of  geographical  position,  we  must  consider  separately 
three  distinct  orders  of  climate : — 

First,  the  Arctic  Climate.  Within  the  arctic  regions  the  sun  does  not  set  through- 
out the  twenty-four  hours  at  midsummer,  and  the  nearer  the  place  is  to  the  pole  the 
longer  does  the  sun  continue  above  the  horizon.  At  the  pole  itself  he  remains  with- 
out setting  for  six  months.  The  arctic  winter  corresponds  exactly  to  the  arctic  sum- 
mer. The  sun  does  not  rise  in  winter  for  a  period  which  (leaving  atmospheric  re- 
fraction out  of  account)  is  exactly  equal  in  length  to  the  period  during  which  the  sun 
does  not  set  in  summer. 

Secondly,  the  Temperate  Climate.  Outside  the  arctic  zone,  and  to  the  limits  of 
the  torrid  zone,  we  have  these  distinguishing  characteristics — that,  first,  the  sun 
never  remains  for  twenty-four  consecutive  hours  above  or  below  the  horizon ;  and, 
secondly,  that  he  reaches  his  greatest  elevation  at  mid-Jay  in  midsummer.  Thus 
throughout  the  temperate  zone  the  greatest  amount  of  direct  solar  heat  is  received 
by  the  earth  at  the  time  of  the  summer  solstice  (though  the  weather  becomes  warmer 
for  some  time  following  this  epoch)  and  the  least  at  the  time  of  the  winter  solstice 
(though  the  weather  becomes  colder  for  some  time  following  this  epochj. 
•  Thirdly,  the  Torrid  Climate.  Within  the  torrid  zone  the  distinguishing  peculi- 
arity is  the  occurrence  of  two  seasons  of  greatest  heat,  the  mid-day  sun  coming  some 
time  before  summer  to  the  zenith,  and  again  passing  that  point  some  time  after  sum- 
mer.    At  the  equator  itself  these  seasons  of  greatest  heat  occur  at  the  equinoxes. 

Among  the  causes  which  tend  to  disturb  the  effects  which  would  otherwise  follow 
from  the  geographical  position  of  a  country,  the  following  are  the  most  important : — 

1.  The  Effect  of  Altitude.  As  we  ascend  above  the  sea-level  there  is  found  a 
progressive  diminution  of  temperature.  This  decrease  has  three  causes.  Tn  the 
first  place,  the  mere  rarity  of  the  air  at  high  levels  unfits  it  for  the  retention  of  the 
solar  heat,  and  still  more  for  the  retention  of  heat  radiated  from  the  earth.  Secondly, 
as  was  first  pointed  out  by  Dr.  Erasmus  Darwin,  the  expansion  of  the  air  which 
rises  from  plains  and  valleys  along  mountain-slopes  tends  largely  to  increase  the  cold 
of  the  higher  regions.  Sir  John  Ilerschel  thus  succinctly  describes  the  rationale 
of  this  explanation  (independently  put  forward  by  Sir  John  Leslie) :  "  Suppose  the 
atmosphere  of  equal  temperature  throughout  and  at  rest.  Now  let  any  mass  of  air 
at  the  surface  receive  an  impulse  upwards  by  some  external  force  (not  by  heating 
it).  It  will  rise  and,  in  so  doing,  displace  quiescent  air  above  it,  which  will  descend 
to  fill  its  place,  and  this  process  will  continue  till  the  upward  impulse  is  extinguished 
by  friction  and  resistance.  In  rising,  air  expands ;  but  as  the  descending  air  con- 
tracts, pari  passu,  the  whole  disturbed  space,  when  quiet  is  restored,  will  be  occu- 
pied by  air  as  before,  and  the  total  pressure  will  be  unaltered.  But  as  regards  the 
distribution  of  sensible  heat,  a  great  change  will  have  taken  place.  The  air  which 
has  expanded  in  ascending  has  absorbed  caloric  and  grown  colder,  while  that  which 
has  contracted  in  descending  has  given  out  just  as  much,  and  become  hotter.  The 
total  heat  and  the  total  mass  remain  unchanged,  but  the  equilibrium  of  temperature  is 
destroyed.  The  lower  strata  have  become  warmer  than  the  upper ;  the  density  ad- 
justs itself  accordingly,  and  the  undisturbed  column  superincumbent  on  both  is  sup- 
ported as  before."  The  case  here  supposed  is  one  of  frequent  actual  occurrence,  since 
aqueous  vat>or  in  ascending  by  its  levity  must  drag  the  air  along  with  it,  so  that,  as 
Herschel  aads,  "  the  mere  fact  of  a  circulation  of  air  in  the  atmosphere,  in  bo  far  as 
that  circulation  is  due  to  the  generation  and  condensation  of  vapor,  or  even  to  the 
downward  mechanical  impulse  of  the  fall  of  rain  or  snow,  must  of  necessity  cause  a 
deficiency  of  sensible  heat  in  the  higher  as  compared  with  the  lower  regions." 
Thirdly,  in  the  circumstance  that  elevated  regions  are  farther  removed  from  the 
heated  mass  of  the  earth  and  nearer  to  the  cold  interplanetary  spaces,  we  have  a 
cause  of  diminished  temperature  at  high  levels. 

2.  The  proximity  of  large  masses  of  water  has  an  important  effect  in  modifying 
the  climate  of  a  country.  The  temperature  of  water  is  more  equable  than  that  of 
the  atmosphere,  so  that  the  vicinity  of  a  large  ocean  surface  tends  to  diminish  at 
once  the  heat  of  summer  and  the  cold  of  winter.  The  neighborhood  of  ocean  cur- 
rents may  have  either  cooling  or  heating  influences  according  to  the  nature  of  the 
current.     Such  influences  will  presently  be  considered.     But  there  is  one  way  in 
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which  the  neighborhood  of  large  masses  of  water  tends  constantly  to  render  the 
climate  of  a  country  more  genial.  The  air  over  countries  bordering  on  such  ocean 
masses  receives  more  copious  supplies  of  aqueous  vapor,  and  owing  to  the  great 
sjiecific  heat  of  water,  there  thus  results  the  accumulation  of  vast  stores  of  heat  to 
be  set  free  when  the  aqueous  vapor  passes  into  the  liquid  form.  The  action  of  aque- 
ous vapor  in  checking  the  radiation  of  the  earth's  heat  into  space  is  also  of  extreme 
importance.  In  his  '•  Discourse  on  Radiation  through  the  Earth's  Atmosphere," 
Professor  Tyndall  thus  speaks  of  the  action  of  aqueous  vapor  on  the  climate  of  this 
country :  "  Aqueous  vapor  is  a  blanket  more  necessary  to  the  vegetable  life  of  Eng- 
land than  clothing  is  to  man.  Remove  for  a  single  summer  night  the  aqueous  vapor 
from  the  air  which  overspreads  this  country,  and  you  will  assuredly  destroy  every 
plant  capable  of  being  destroyed  by  a  freezing  temperature.  The  warmth  of  our 
fields  ana  gardens  would  pour  itself  unrequited  into  space,  and  the  sun  would  rise 
upon  an  island  held  fast  in  the  iron  grip  of  frost.  The  aqueous  vapor  constitutes  a 
local  dam,  by  which  the  temperature  of  the  earth's  surface  is  deepened  ;  the  dam,  how- 
ever, finally  overflows,  and  we  give  to  space  all  that  we  receive  from  the  sun." 

3.  The  neighborhood  of  ocean  currents  exercises  a  very  powerful  influence  on 
the  climate  of  a  country.  This  is  due  in  part  to  the  mere  transference  of  so  much 
cold  or  warm  water  to  the  neighborhood  of  a  country,  but  chiefly  to  another  cause. 
Where  there  is  a  cold  current,  the  air  above  the  current  becoming  cold  is  unfitted 
to  retain  any  considerable  amount  of  moisture,  and  thus  when  this  air  passes  over  an 
adjoining  country,  it  comes  as  an  evaporating  air-current,  and  therefore  brings  cold. 
On  the  other  hand,  over  a  warm  sea-current  the  air  is  warm  and  moisture  laden.  Its 
warmth  and  lightness  cause  it  to  form  a  ready  channel  for  winds,  which  sweep  the 
warm  and  humid  air  over  adjoining  countries,  there  to  give  up  a  large  share  of  its 
moisture  by  condensation,  and  so  to  become  the  means  of  supplying  vast  stores  of 
heat.     (See  Convection.) 

Humooldt  enumerates,  among  the  causes  tending  to  exalt  temperature,  the  fol- 
lowing :  The  vicinity  of  a  west  coast  in  the  northern  temperate  zone ;  the  configura- 
tion of  a  country  cut  up  by  numerous  deep  bays  and  far-penetrating  arms  of  the  sea ; 
the  relation  of  the  dry  land  to  seas  free  of  ice  extending  beyond  the  polar  circle,  or 
to  a  continent  of  considerable  extent  which  lies  beyond  the  same  meridional  lines 
under  the  equator,  or  at  least  in  part  within  the  tropics ;  the  rarity  of  swamps  which 
continue  covered  with  ice  throughout  the  spring,  or  even  into  summer;  the  absence 
of  forests  on  a  dry  sandy  soil.  It  may  be  remarked,  with  reference  to  one  of  these 
conditions,  that  Humboldt  was  probably  mistaken  in  supposing  that  the  climate  of 
Europe  is  warmer  than  that  of  Asia,  because  Africa,  with  its  extensive  heat-radi- 
ating deserts,  lies  to  the  south  of  Europe  on  the  same  meridian,  while  the  Indian 
ocean  lies  to  the  south  of  Asia.  If  the  heat-radiating  power  of  a  continent  really 
influenced  countries  lying  to  the  north,  it  should  tend  to  lower  rather  than  to  raise 
the  temperature,  for  the  ascending  currents  of  air  would  strengthen  the  currents  of 
colder  air  from  the  north,  and  these  currents  (on  Humboldt's  assumption  that  the 
country  directly  to  the  north  is  that  affected)  would  lower  the  mean  annual  temper- 
ature of  the  country  they  passed  over.  It  seems  clear,  however,  that  Asia  is  the 
country  chiefly  affected  by  the  heat-radiating  power  of  Africa;  since  the  cold  cur- 
rents from  the  north  travel  westwards,  while  the  warm  return-current  from  the  south 
has  an  easterly  motion.  Kaemtz  remarks  justly  that  if  the  effects  of  oceans  and  con- 
tinents were  those  assigned  by  Humboldt,  we  should  find  in  the  western  parts  of 
America  a  colder  climate  than  in  the  eastern  parts,  whereas  the  reverse  is  the  case. 
Professor  Nichol  has  expressed  similar  views,  remarking  that  '*  the  air  that  rises  in 
Africa  blows  rather  over  Asia  than  Europe.  The  cradle  of  our  winds  is  not  in  Sahara, 
but  in  America." 

It  is  to  be  remarked  that  the  mean  annual  temperature  of  a  country  is  less  im- 
portant to  the  welfare  of  the  inhabitants  than  the  extreme  range  of  temperature 
exhibited  in  the  course  of  a  year.  Of  two  couutries,  which  have  the  same  mean 
annual  temperature,  one  may  have  a  climate  most  admirably  adapted  to  the  welfare 
of  its  inhabitants,  while  the  other  may  have  a  climate  offering  such  violent  extremes 
of  heat  and  cold,  as  to  render  it  unfit  for  all  save  those  of  strong  constitution. 

See  further  Rain ;  Isothermal;  Isocheimenal ;  Isotheral ;  etc. 

Clocks,  Electric.  There  are  several  kinds  of  electric  clocks,  but  there  are  two 
principal  classes,  those  in  which  electricity  is  the  motive  power,  and  those  in  which 
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the  motive  power  is  got  from  weights  or  springs,  and  in  which  electricity  is  only 
used  for  controlling  or  governing  the  motion. 

Of  the  first  kind  there  is  a  common  one,  in  which  the  motion  is  obtained  by  means 
of  an  electro-magnet,  which  attracts  a  soft  iron  keeper  as  often  as  a  current,  is  made 
to  pass  through  it.  The  keeper  is  connected  by  levers  with  an  extremely  simple 
arrangement  of  toothed  wheels  which  move  the  hands.  In  order  to  cause  the  current 
to  pas3  at  regular  intervals  into  the  electro-maguet,  the  battery  contact  is  made  and 
broken  by  means  of  the  oscillations  of  the  pendulum  of  a  standard  clock.  At  each 
swing  the  circuit  passing  from  the  battery  round  the  electro-magnet  is  opened  tod 
closed,  and  the  soft  iron  keeper  is  thus  caused  to  beat  seconds,  or  parte  or  a  second, 
as  the  case  may  be.  It  is  evident  that  the  same  standard  clock  may  thug  be  made 
to  give  time  to  any  number  of  secondary  clocks. 

Another  clock  of  the  same  class  is  that  of  Bain,  invented  in  1840.  In  it  the  bob 
of  the  pendulum  is  a  soft  iron  core  surrounded  by  a  coil  of  wire,  the  extremities  of 
which  arc  carried  up  the  rod  of  the  pendulum.  The  core  is  made  in  the  form  of  a 
short  hollow  cylinder,  with  its  axis  in  the  direction  of  the  motion  of  the  pendulum. 
Permanent  magnets  arc  placed  one  on  each  side  of  it,  and  arranged  so  that  the  like 
poles  are  pointing  towards  each  other :  and  so  that  when  the  pendulum  swing**  the 
hollow  core  passes  a  short  distance  over  the  pole  of  each  without  touching.  At  the 
top  of  the  pendulum  is  a  make  and  break  arrangement,  by  which  a  current  is  sent 
into  the  electro-magnet,  reversed  at  each  extremity  of  the  swing,  and  altogether 
thrown  off  in  the  middle  part  of  it.  The  direction  of  the  current  ib  such  that  the 
bob  is  repelled  by  the  nearest  permanent  magnet,  and  attracted  by  the  other ;  it 
therefore  swings  over:«the  current  is  then  reversed,  and  the  bob  is  again 
by  the  nearest  and  attracted  by  the  farthest  magnet.  This  pendulum  is  applied  to 
ordinary  clock  work.  Bain  intended  to  work  this  clock  by  means  of  what  &  called 
an  earth  battery,  which  consists  of  a  plate  of  zinc  and  a  plate  of  copper  sunk  deep 
in  the  earth,  and  excited  merely  by  the  moisture  there ;  but  it  was  found  that  the 
current  was  so  irregular  as  to  render  the  clock  useless. 

The  pendulum,  which  we  have  just  described,  has,  however,  found  an  application 
in  the  second  class  of  clocks.  A  clock  furnished  with  a  pendulum  of  this  kind  is 
kept  going  as  nearly  right  as  possible  by  ordinary  means,  the  motive  power  being 
obtained  from  weights  or  springs,  and  the  final  adjustment  for  accuracy  is  made  by 
means  of  electricity.  To  do  this  a  standard  clock  in  an  astronomical  observatory, 
at  certain  stated  intervals,  is  caused,  by  touching  a  spring,  and  completing  a  battery 
connection,  to  send  a  signal  to  the  other  clock.  Suppose  such  a  signal  sent  every 
second,  half  minute,  or  minute.  Then  if  the  clock  to  be  regulated  loses  or  gains  a 
minute  fraction  of  a  second  between  each  signal,  the  bob  of  its  pendulum  is  not  in 
its  proper  position  when  the  signal  is  sent,  and  it  receives  from  the  battery  an 
impulse  which  accelerates  or  retards  it,  as  the  case  may  be.  Clocks  of  ordinary 
construction  are  thus  made,  to  go  as  truly  as  the  astronomical  clock  from  which  they 
take  their  time.  This  plan  is  much  employed  in  giving  public  time  in  Glasgow  and 
Edinburgh,  and  with  the  most  satisfactory  effect. 

Clocks  and  Watches.    See  Horology. 

Cloud,  A  mass  of  the  visible  vapor  of  water  suspended  in  the  atmosphere. 
(See  Fig.  23.)  Clouds  and  fogs  are  identical  in  structure,  but  fogs  rest  on  the  earth 
while  clouds  are  suspended  in  the  atmosphere  with  a  clear  space  separating  them 
from  the  earth.  A  large  amount  of  light  has  been  thrown  on  the  nature  of  clouds, 
and  the  laws  which  regulate  their  formation  and  motions,  by  the  recent  balloon 
ascents  of  Mr.  Gluisher.  It  has  been  shown  that  the  air,  even  at  great  elevations, 
is  traversed  by  currents  pursuing  their  course  independently.  Masses  of  air  of 
different  temperatures  are  thus  brought  into  collision  and  combine  together;  and 
since  the  combined  air  cannot  retain  the  same  amount  of  aqueous  vapor  as  the  sev- 
eral parts  contained  before  combination,  the  excess  becomes  condensed  into  the  form 
of  visible  vapor  or  cloud.  The  following  passage,  while  indicating  some  of  the 
lessons  which  we  may  hope  to  learn  from  balloon  ascents,  shows  also  how  complex 
is  the  whole  subject.  It  describes  Mr.  Glaishcr's  ascent  from  Mill  Hill,  near  11  en  don, 
on  August  21,  1862 :  "  Twenty-seven  minutes  after  leaving  the  earth,  a  white  mist 
enveloped  the  balloon ;  the  temperatures  of  the  air  and  dew-point  were  alike,  indi- 
cating complete  saturation.  The  light  rapidly  increased,  ann,#£radually  emerging 
from  the  dense  clcud  into  a  basin  surrounded  by  immense  black  mountains  of  cloud 
rising  far  above  us,  shortly  afterwards  there  were  deep  ravines  of  grand  proportion 


beneath  open  to  the  view.  The  skv  immediately  overhead  was  doited  with  cirrus 
clouds.  As  the  balloon  ascended,  the  tops  of  the  mountain-like  clouds  were  tinged 
with  gold  and  silver.  On  reaching  their  level  the  son  appeared,  flooding  with  light 
all  that  could  be  seen  both  right  and  left,  tinting  with  orange  all  the  remaining 


space.  It  was  a  gloriona  sight.  The  ascent  still  continued,  but  more  qnicklyas  the 
sun's  rays  fell  npon  the  balloon,  each  instant  opening  to  view  deep  ravines  and  a 
wonderful  sea  of  clouds.  Here  arose  shining  masses  of  cloud  in  mountain-ranges. 
some  rising  perpendicularly  from  the  plains  with  summits  of  dazzling  brightness, 
some  pyramidal,  othcre  nndulatory.  Nor  wiis  the  scene  wanting  in  light  and  shade  : 
each  large  mass  of  cloud  cast  a  shadow,  thereby  increasing  the  number  of  tints  and 
beauty  of  the  scene." 

It  is  well  to  remember,  in  considering  the  subject  of  clouds,  that  there  is  this  won- 
derful wealth  of  scenery  in  cloud-land,  siuce  we  are  too  apt  to  judge  from  the  view 
we  obtain  from  our  distant  and  ill-placed  station  on  the  earth,  and  bo  to  form  alto- 
gether inadeqnale  conceptions  of  Hie  real  configuration  of  the  great  cloud  masses. 

This  remembered,  we  may  proceed  to  consider  the  classification  of  clouds  according 
to  the  different  modifications  commonly  observable. 

The  classification  now  generally  recognized  is  that  which  Luke  Howard  proposed 
in  1803.  He  divided  clouds  into  seven  orders;  three  of  these  were  simple,  viz.: 
The  Ctmu,  the  Camuhm,  and  the  Strut  us;  and  four  compound  or  intermediates, 
viz.:  The  Cirro-Cwnulm,  Cirro-Stralus,  the  Cumulo-Stratus,  and  the  CwmiUo- 
CirroStratua  or  Ximha*. 

Cirrus  Cloud. — This  cloud  consists  of  wavy  thin  filaments,  parallel  or^iverging. 
It  is  lighter  than  any  other  form  of  cloud,  and  appears  at  a  greater  elevation.  It  is 
probable  that  the  particles  of  this  cloud  are  ice-crystals.  Sometimes  the  Cirrii.i 
clond  presents  thc^  appearance  of  a  delicate  network,  at  olherg  it  resembles  woolly 
hair,  horse  tails,  etc*  It  commonly  appears  eilher  motionless  or  to  move  very  slowly; 
bat  in  reality  this  appearance  is  due  only  to  the  great  distance  at  which  this  form 
of  cloud  usually  lies,  lu  balloon  ascents,  even  those  in  which  the  greatest  altitudes 
10 
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have  been  reached,  cirrus  clouds  have  been  seen  at  an  enormous  height  above  the 
observer. 

Cumulus  Cloud. — This  name  is  given  to  clouds  of  a  hemispherical  form,  with 
horizontal  base,  which  commonly  appear  in  early  morning,  and  chiefly  in  summer,  so 
that  they  have  been  called  summer  clouds  and  day  clouds.  They  are  formed  much 
nearer  to  the  earth  than  the  Cirrus  clouds.  Tyndall  thus  describes  the  mode  of  their 
formation :  "  The  warmed  air,  charged  with  vapor,  rises  in  columns,  so  as  to  pene- 
trate the  vapor-screen  which  hugs  the  earth ;  in  the  presence  of  space,  the  head  of 
each  pillar  wastes  its  heat  by  radiation,  condenses  to  a  cumulus,  which  constitutes 
the  visible  capital  of  an  invisible  column  of  suspended  air."  Saussure  ascribes  their 
shape  to  the  way  in  which  they  are  formed,  comparing  the  progress  of  the  column 
of  invisible  vapor  through  the  surrounding  air  to  the  motion  of  one  fluid  through 
another.  But  it  seems  more  consistent  with  the  observed  appearance  and  changes 
of  appearance  of  the  cumulus  clouds,  to  suppose  that  their  bulbous  form  above  is  due 
to  the  expansion  of  the  air  where  the  invisible  vapor  has  condensed.  That  conden- 
sation must  be  accompanied  with  the  discharge  of  large  quantities  of  heat ;  and  the 
movements  of  the  cumulus  corresponds  exactly  with  the  effects  we  should  ascribe  to 
the  sudden  dilation  of  the  air  resulting  from  this  access  of  heat 

Stratus. — This  name  is  given  to  a  widely  extended  sheet  of  cloud  forming  a  con- 
tinuous layer.  It  lies  at  a  lower  level  than  the  cumulus,  its  lower  surface  often  rest- 
ing on  the  earth.  It  has  been  called  the  Cloud  of  Night,  because  it  generally  forms 
about  sunset,  and  commonly  grows  denser  during  the  night  It  is  due  to  the  mass 
of  vapor  which  has  been  raised  by  the  sun's  heat  during  the  day.  This  vapor  sinks 
slowly  down  towards  evening,  and  as  at  this  part  of  the  day  the  air  is  colder  near 
the  earth,  the  descending  vapor,  at  first  invisible,  slowly  condenses  near  the  earth. 
As  the  process  continues,  condensation  takes  place  at  higher  and  higher  levels. 
Sometimes  the  upper  level  of  the  stratus  is  so  well  defined,  that  the  gradual  increase 
of  the  cloud  produces  an  appearance  resembling  the  effects  of  an  inundation.  The 
breaking  up  of  the  Stratus  cloud  in  the  morning  is  a  process  of  a  different  character. 
The  Stratus  does  not  slowly  sink  as  it  had  risen ;  but  as  the  sun  shines  upon  its 
upper  surface,  ascending  streams  of  aqueous  vapor  begin  to  be  produced,  which 
quickly  lead  to  the  formation  of  rounded  masses  of  cumulus,  and  the  stratus  is  finally 
broken  up  altogether  iuto  cumulus  clouds. 

Cirro- Cumulus. — A  cloud  resulting  from  the  breaking  up  of  the  Cirrus  cloud  into 
round  masses,  the  whole  slowly  sinking,  though  not  to  the  ordinary  level  of  the 
Cumulus  cloud. 

Cirro-Stratus. — A  cloud  consisting  of  horizontal  or  slightly  inclined  flakes,  thinned 
off  at  the  edges.  The  forms  are  very  variable,  but  the  cloud  may  always  be  known 
by  this  peculiarity  of  structure. 

Cumulo-Stratus. — A  cloud  formed  by  the  Cirro-Stratus  mixing  with  the  Cumulus, 
"  either  among  its  piled-up  heaps  or  spreading  underneath  its  base  as  a  horizontal 
layer  of  vapor."  Buchan,  in  his  excellent  "  Handy-Book  of  Meteorology,"  adds  that 
the  distinct  Cumulo-Stratus  "  is  formed  when  the  Cumulus  becomes  surrounded  with 
small  fleecy  clouds  just  before  rain  begins  to  fall,  and  also  on  the  approach  of  thun- 
der-storms."   Tennyson  has  finely  described  this  form  of  cloud — 

'•  That  rises  upward  always  higher 

And  onward  drags  a  laboring  breast, 
And  topples  round  the  dreary  west 
A  looming  bastion  fringed  with  fire." 

Cumulo-Cirro-Stratus  or  Nimbus. — The  well-known  rain-cloud.  Its  formation  13 
the  result  of  the  super-saturation  of  the  space  between  Cirro-Stratus  clouds  and  a 
lower  layer  of  Cumulus  clouds.  The  two  layers  thus  rapidly  increase,  and  eventually 
unite.    Vrom  the  mass  thus  formed,  rain  soon  begins  to  fall. 

The  observation  of  clouds  now  forms  a  regular  part  of  the  work  of  a  meteorological 
observatory ;  and,  therefore,  the  nomenclature  above  explained  subserves  a  useful 
purpose  in  enabling  observers  to  regard  the  vurying  aspect  of  the  heavens.  It 
requires  extension,  however,  so  as  to  include  other  forms  of  cloud  which  are  not 
directly  referable  to  any  of  the  above  forms. 

Coating  of  a  Leyden  Jar  or  Condenser.    The  tinfoil  coverings  pasted  upon 

the  inside  and  outside  of  a  Leyden  jar,  or  on  the  two  sides  of  a  condenser  such  as  the 
Fulminating  Pane,  are  called  the  coatings.    (See  Leyden  Jar.)    Even  when,  instead 
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#f  tinfoil,  as  is  the  case  in  some  electrometers  and  pieces  of  apparatus  for  particular 
experiments,  a  liquid  conductor  is  used  within  or  without  the  jar  instead  of  the  tin- 
foil, still  the  surface  of  the  liquid  next  to  the  glass,  or  other  non-conductor,  is  called 
the  coating,  since  it  performs  the  same  office  as  the  metal. 

Cobalt  A  metallic  element  first  isolated  by  Brandt  in  1733,  although  com- 
pounds of  it  were  known  to  the  ancients.  Symbol  Co.  Atomic  weight  58.5.  It  is 
a  hard,  steel-gray  metal,  which  takes  a  good  polish,  fuses  at  about  the  same  tempera- 
ture as  iron,  is  magnetic,  although  not  so  powerfully  so  as  iron,  and  oxidizes  at  a 
red  heat.  Mineral  acid  dissolves  it,  forming  salts.  The  following  are  the  principal 
compounds  of  cobalt : — 

Protoxide  of  Cobalt  (CoO).  In  the  anhydrous  state  this  is  a  light  greenish-gray 
powder,  and  when  hydrated  a  dirty  rose-colored  powder.  It  dissolves  in  acids  to 
lorm  salts. 

Chloride  of  Cobalt  (CoCl,)  forms  in  the  hydrated  state  pink  crystals,  which  be- 
come blue  when  anhydrous.    It  is  soluble  in  water. 

Cobalt  is  frequently  associated  with  nickel  in  its  ores,  and  its  separation  from  this 
metal  is  a  matter  of  some  difficulty,  and  can  only  be  effected  in  the  wet  way,  i.  e.y 
by  solution  and  precipitation,  etc.  Cobalt  forms  rich  blue  compounds  when  its 
oxide,  etc.,  are  melted  with  borax,  glass,  enamel,  porcelain,  glaze,  etc.,  and  on  this 
account  it  is  largely  used  in  the  arts. 

Coefficient  of  Dispersion.    See  Dispersion,  Coefficient  of. 

Coefficient  of  Expansion.    See  Expansion. 
Coefficient  of  Friction.    See  Friction. 

CcBlestin.    See  Sulphates,  Strontium. 

Coereitive  Force.  A  name  used  to  designate  that  which  makes  the  difference 
between  hard  steel  and  soft  iron  in  taking  on  and  in  retaining  magnetic  polarization. 
Thus  it  is  ftmnd  that,  under  the  influence  of  a  magnet,  a  soft  iron  mass  readily  be- 
comes inductively  magnetized,  and  retains  this  magnetization  as  long  as  the  influenc- 
ing body  is  present;  but,  as  soon  as  it  is  removed,  the  magnetization, of  the  soft  iron 
ceases.  Hard  steel,  on  the  other  hand,  is  with  difficulty  magnetized  inductively ; 
but,  when  once  it  has  been  forced  into  the  polarized  state,  as  by  prolonged  contact 
with  a  powerful  magnet,  by  rubbing  with  a  magnet  or  by  any  other  means,  it  ob- 
stinately retains  this  state,  and  with  a  persistence  depending  upon  its  hardness  and 
its  molecular  condition  in  general.  Again,  if  soft  iron,  while  under  the  influence  of 
a  powerful  magnet,  be  hammered,  twisted,  or  otherwise  strained,  it  is  found  to  retain 
magnetism  also  to  an  extent  depending  on  the  amount  of  straining  and  permanent 
contortion  of  molecular  arrangement  which  it  has  undergone.  The  hammering  has 
thus,  by  altering  the  molecular  arrangement,  conferred  upon  the  bar  a  force  which 
acts  so  as  to  maintain  the  magnetic  polarized  state  in  it  It  is  to  this  that  the 
name  coereitive  force  is  given.     (See  also  Magnet.) 

Cohesion.  (Cohasreo,  pret.,  cohcesi,  to  stick  together.)  The  force  by  which  the 
particles  of  bodies  unite  and  remain  in  contact  so  as  to  form  one  mass.  It  is  one  of 
the  molecular  forces  acting  at  inappreciable  distances,  and  is  thus  distinguished  from 
gravitation.  It  unites  the  particles  of  the  same  kind  of  matter,  and  is  thus  distin- 
guished from  adhesion,  or  the  force  which  unites  the  particles  of  different  substances, 
and  from  chemical  attraction,  or  the  force  which  unites  the  particles  of  different  sub- 
stances so  as  to  form  substances  having  properties  differing  from  those  of 'their  com- 
ponents. The  force  of  cohesion  in  bodies  is  measured  by  tne  force  necessary  to  pull 
them  asunder,  or  separate  them  by  crushing.  Cohesion  is  most  powerful  amongst 
the  molecules  of  solids,  almost  absent  amongst  those  of  liquids,  and  entirely  absent 
in  gases.  Hardness,  softness,  tenacity,  elasticity,  malleability,  and  ductility  are 
modifications  of  cohesion.  (See  these  terms.)  Cohesion  in  almost  all  cases  is  over- 
come by  heat. 

Cohesion  Of  Liquids.  Though  the  cohesion  between  the  neighboring  parts  of  a 
liquid  is  not  sufficient  to  maintain  the  shape  of  the  liquid  when  acted  on  by  any  con- 
siderable mechanical  force,  and  though  even  the  force  of  resistance,  exercised  by  the 
bottom  and  walls  of  a  vessel  into  which  a  liquid  is  poured,  which  force  is  called  into 
existence,  causes  the  liquid  to  assume  the  shape  of  the  vessel  in  which  it  is  placed, 
and  present  a  horizontal  surface ;  yet  liquids  have  appreciable  and  measurable 
cohesion.  This  is  shown  by  the  spherical  form  assumed  by  masses  of  liquids  removed 
as  far  as  possible  from  the  influence  of  external  forces.  Of  all  solids  a  sphere  satis- 
fies most  perfectly  the  condition  that  the  effort  of  each  particle  towards  the  centre 
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of  gravity  is  most  gratified.  When  a  sphere  is  altered  in  shape  there  must  be  on 
the  whole  a  mean  separation  of  particles  (not  contiguous  ones.)  Accordingly  the 
cohesion  determines  the  spherical  form.  Although  it  is  impossible  to  withdraw  a 
liquid  mass  from  all  external  forces,  notably  from  gravitation,  yet  the  action  of 
gravity  may  be  completely  and  symmetrically  counteracted  by  immersing  a  liquid 
mass  in  another  liquid,  having  precisely  the  same  specific  gravity  as  the  first,  but 
being  immiscible  with  it.  Thus,  if  olive  oil  be  poured  into  a  mixture  of  alcohol  and 
water  of  a  certain  strength,  and  therefore  specific  gravity — namely,  that  of  the  oil 
(about  0.915),  the  oil  will  be  pressed  on  all  sides  by  equal  forces,  these  may  there- 
tore  be  considered  as  having  no  influence  in  determining  the  shape  of  the  oil.  The 
latter  assumes  the  shape  of  a  perfect  sphere  in  consequence  of  its  cohesion.  Id 
truth,  assisted  by  the  cohesion  or  the  water,  which,  in  gratifying  its  cohesion  to  the 
utmost,  will  leave  a  spherical  cavity.  Forms  approaching  the  spherical  are  also 
assumed  by  small  liquid  masses  when  they  rest  on  surfaces  between  which  and  them- 
selves there  is  less  adhesion  than  the  cohesion  they  themselves  possess.  This  is  seen 
when  a  dewdrop  rests  upon  a  resinous  leaf,  or  is  supported  above  the  leaf  by  fine 
hairs,  when  a  water  drop  rests  upon  a  plate  of  wax  or  fat,  or  on  a  surface  covered 
with  resinous  dust,  or  a  drop  of  mercury  on  any  non-metallic  surface.  A  drop  of 
water  may  rest  upon  a  surface  of  water  without  immediately  mixing  therewith,  being 
separated  therefrom  by  a  film  of  air,  or  it  may  rest  above  a  surface  of  metal  if  the 
latter  is  sufficiently  hot  for  its  radiant  heat  to  cause  sufficient  evaporation  from  the 
drop  to  interpose  a  coating  of  vapor  between  the  two.  (See  Letdenfrost's  Experi- 
ment.) In  all  such  cases  the  drop  assumes  more  or  less  of  a  spherical  form.  Direct 
experiments  for  determining  the  cohesion  of  liquids  were  made  by  Gay-Lussac. 
His  method  was  based  upon  the  fact  that  when  a  solid,  which  is  wetted  by  a  liquid, 
is  withdrawn  from  it,  the  latter  must  be  ruptured,  so  that  the  force  required  to  effect 
the  separation  is  a  measure  of  the  cohesion  of  the  liquid,  and  not  of  the  adhesion 
between  the  solid  and  liquid,  provided  that  such  adhesion  is  greater  than  the  liquid's 
cohesion,  which  is  the  case  when  the  solid  is  wetted.  A  fiat  circular  disk  was  hung 
horizontally  from  one  pan  of  a  balance,  and  exactly  counterpoised.  The  surfaces  of 
liquids  in  basins  were  brought  into  contact  with  this  disk,  and  weights  were  put 
upon  the  opposite  pan  until  the  plate  was  torn  away  from  the  liquid.  If  the  force 
required  in  the  case  of  water  be  called  1.0,  it  was  found  to  be  0.574  for  turpentine, 
and  in  that  of  absolute  alcohol  0.523,  and  on  examining  mixtures  of  alcohol  and 
water  it  was  found  that  the  cohesion  increased  with  the  quantity  of  water.  A  more 
exact  method  of  measuring  the  cohesion  of  liquids  is  based  upon  the  determination 
of  the  size  of  drops  which  they  form  under  like  conditions.     (See  Drops.) 

Cohesion  Figures  of  Liquids.  A  peculiar  phenomenon  resulting  from  the  joint 
action  of  adhesion  and  cohesion  in  certain  liquids  when  one  is  added  to  the  other. 
Although  many  liquids  mix  completely  with  one  another  in  almost  any  proportions, 
or^  dissolve  each  other  freely,  yet  there  are  others  which  may  form  saturated  solu- 
tions, so  that  any  increase  in  quantity  of  the  saturating  liquid  is  not  incorporated 
with  the  rest.  Its  particles  cohere  and  arrange  themselves,  with  respect  to  tne  solu- 
tion, according  to  their  specific  gravity.  Thus  the  most  limpid  ethers  and  oils  will 
only  dissolve  to  a  small  extent  in  water,  the  greater  part  of  them  collecting  together 
again  after  being  shaken  with  water;  while  more  viscous  liquids,  as  common  oils,  do 
not  appear  to  dissolve  in  water  at  all.  If  a  drop  of  chloroform  be  let  fall  in  water, 
it  retains  its  circular  form ;  a  slight  amount  of  alkaline  liquid  added  to  the  water 
causes  the  drops  to  become  flattened,  but  the  rounded  form  is  once  more  assumed 
when  the  alkali  is  neutralized  by  a  little  acid. 

Many  of  the  substances  thus  slightly  soluble  in  water  form  characteristic  figures 
when  drops  of  them  are  lightly  added  to  pure  water  in  a  perfectly  clean  vessel.  The 
tendency  to  adhesion  between  the  liquids  causes  the  drop  to  assume  at  first  a  flattened 
form,  but  the  cohesion  of  the  particles  breaks  up  the  film  in  various  directions,  so  as 
to  constitute  characteristic  patterns  on  the  surface  of  the  water.  The  constant 
alternation  of  predominance  between  adhesion  and  cohesion  proceeds,  the  smaller 
portions  being*  flattened  by  adhesion,  and  then  further  subdivided  by  cohesion,  until 
finally  a  definite  outline  is  produced.  The  figure,  however,  passes  away  in  a  space 
of  time  proportional  to  its  insolubility  in  water.  The  creosote-figure  remains  for 
five  minutes,  while  those  of  liquids  which  are  much  more  soluble,  such  as  alcohol  or 
ether,  last  less  than  a  second.  Creosote  forms  a  disk  which  sails  about  on  the  sur- 
face with  a  rapidly  quivering  edge.    Ether  forms  a  circular  figure,  composed  of  a 
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mitral  boss,  Borroimded  first  by  a  flat  depressing  ring,  and  then  by  a  raised  ring, 
the  edge  of  which  is  waved.  The  essential  oil  of  lavender  forms  a  film  with  irides* 
cent  rings  covering  a  large  part  of  the  surface ;  the  film  then  breaks  up  into  small 
disks,  first  passing  through  a  complicated  pattern  like  that  of  Carrageen  moss.  Mr. 
Tomlinson  produces  these  figures  in  shallow  glass  vessels  3£  inches  in  diameter, 
Bade  chemically  clean  by  means  of  sulphuric  acid,  alcohol,  alkaline  solutions,  and 
abundant  rinsing.  The  figures  vary  with  the  nature  of  the  liquid  surface  on  which 
the  drops  are  spread,  as  when,  instead  of  water,  the  surfaces  of  cocoa-nut  oil,  castor 
oil,  melted  paraffin,  wax,  etc.,  are  used.  (See  Phil.  Mag.,  November,  1864.)  When 
the  drops,  instead  of  spreading  on  the  Burface,  sink  below  it,  a  new  set  of  figures  is 
formed,  for  which  see  Submersion  Figures.  These  figures  are  not  only  serviceable 
for  the  recognition  of  the  substances  themselves,  but  also  for  the  detection  of  adul- 
terations of  them  by  other  oily  or  slightly  soluble  liquids.  For  when  a  mixed  liquid 
is  dropped  upon  water  in  the  manner  above  described,  its  cohesion  figure  partakes 
of  the  characters  of  each  constituent  when  used  separately :  such  is  the  case,  for  in- 
stance, with  a  mixture  of  turpentine  and  an  essential  oil.  Mr.  Tomlinson's  extended 
researches  on  this  subject  wiU  be  found  in  the  Philosophical  Magazine,  Oct.  1861, 
and  March  1862. 

Coil,  Primary  and  Secondary.  Terms  used  respecting  apparatus  employed  for 
current  induction.  The  wire  which  transmits  the  current  from  the  battery — that  is, 
the  inducing  wire — is  called  the  primary  coil.  The  secondary  coil  is  the  circuit 
which  the  induced  current  traverses.  The  primary  coil  is  made  of  pretty  thick  wire, 
and  not  very  long,  in  order  that  the  current  from  the  battery  may  not  be  too  much 
weakened  by  resistance.  The  secondary  coil,  on  the  contrary,  is  made  of  the  finest 
possible  wire,  and  of  great  length,  in  order  that  a  very  large  number  of  turns  of  it 
may  be  brought  under  the  influence  of  the  primary  coil.  The  advantage  gained  by 
increasing  the  number  of  turns,  and  getting  them  near  to  the  coil  in  which  the  cur- 
rent is  passing,  far  more  than  counterbalances  the  disadvantages  arising  from  in- 
creasing the  resistance.  It  is  necessary  that  the  several  turns  of  the  secondary  coil 
should  be  very  carefully  insulated  from  each  other,  for  the  induced  electricity  will 
otherwise  leap  across,  instead  of  passing  round  each  turn  of  the  wire.  For  this 
reason  the  wire,  as  it  is  coiled  on,  is  covered  with  the  layers  of  shell-lac  or  gutta- 
percha.   (See  Induction  Coil.) 

Coining*Fress.  An  instrument  for  stamping  coins.  It  usually  consists  of  a  steel 
die  bearing  the  impression  to  be  stamped,  fixed  into  a  vertical  screw,  and  of  two 
heavy  balls  of  metal  at  the  extremities  of  a  lever,  with  equal  arms  at  right  angles 
to  the  screw.  The  balls  are  turned  round  very  rapidly  several  times,  and  then  left 
free.  The  die  is  thus  driven  down  upon  the  coin,  and  the  accumulated  momentum 
of  the  large  moving  mass  is  expended  in  impressing  the  required  figure. 

Cold.  (Anglo-Saxon,  cealdy  from  colian,  to  cool.)  It  was  formerly  believed  that 
cold  was  an  entity,  and  that  it  could  be  reflected  from  polished  surface  like  heat  aijd 
light.  This,  however,  is  not  the  case.  Cold  is  simply  an  absence  of  heat.  It  is 
essentially  a  relative  term.  Ice  may  be  considered  a  hot  substance  when  compared 
with  frozen  mercury,  and  a  very  hot  substance  when  compared  with  solid  carbonic 
acid.  If  we  take  three  vessels  and  pour  hot  water  into  the  first,  cold  water  into 
the  second,  and  water  of  intermediate  temperature  into  the  third,  and  place  one 
hand  in  the  hot  water,  and  the  other  in  the  cold,  we  shall  find,  on  now  placing  both 
hands  in  the  water  of  intermediate  temperature,  it  will  feel  hot  to  the  hand  which 
has  been  in  the  cold  water,  and  cold  to  the  hand  which  has  been  in  the  hot  water. 
Thus,  water  at  one  temperature  may  appear  both  hot  and  cold.  Absolute  cold 
would  be  the  absolute  zero  of  temperature,  at  which  point  matter  would  possess  no 
heat  at  all.  A  substance  is  relatively  cold  when  it  possesses  less  of  the  motion  called 
heat  than  the  substance  it  is  compared  with.  A  hot  substance,  a  red-hot  suspended 
ball  of  metal,  for  instance,  gets  colder  and  colder,  because  it  radiates  its  heat  into 
space,  it  loses  molecular  motion,  and  the  more  motion  it  loses  the  colder  it  is  said  to 
be.  When  it  cools  down  to  a  temperature  below  that  of  our  bodies,  we  call  it  cold 
to  the  touch,  because  it  possesses  less  of  the  motion  of  heat  than  our  nerves,  and 
abstracts  heat  from  them,  and  this  withdrawal  of  motion  from  the  nerves  produces 
the  sensation  of  cold. 

Collimation,  Line  ol  A  term  used  in  reference  to  telescopes,  to  designate  the 
line  passing  through  the  axis  of  the  object-glass,  and  the  intersection  of  the  cross- 
wires  in  the  focus  of  the  eye-piece. 
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Collimator.  ( Collimo,  to  aim.)  An  instrument  chiefly  used  in  connection  with 
transit  observations  for  securing  the  axis  of  the  telescope  pointing  in  the  right  hori- 
zontal direction.  It  generally  consists  of  a  small  subsidiary  telescope  with  cross- 
wires  in  the  focus  of  its  eye-piece,  fixed  at  some  distance  from  the  principal  telescope, 
and  pointing  towards  it.  When  the  transit  telescope  is  directed  horizontally  it  looks 
into  the  objectrglass  of  the  collimating  telescope,  and  renders  visible  the  cross-wires 
in  the  focus  of  the  latter.  If  the  image  of  these  wires  coincides  with  the  image  of 
the  cross-wires  of  the  large  telescope,  it  shows  that  the  line  of  collimation  is  true. 
A  collimator  is  usually  fixed  opposite  each  end  of  a  transit  instrument  A  collima- 
tor is  also  frequently  used  in  optical  instruments ;  in  the  spectroscope,  for  instance, 
it  consists  of  a  convex  lens,  having  the  slit  in  its  principal  focus.  (See  Spectro- 
scope.) 

Collodion  Pr00688.  A  process  in  photography  by  which  negative  representations 
of  natural  objects  are  taken  by  means  of  a  camera  obscura  on  a  plate  of  glass.  The 
principle  of  the  process  is  as  follows :  The  soluble  form  of  gun  cotton  is  dissolved  in 
a  mixture  of  alcohol  and  ether  and  a  metallic  iodide  (or  in  some  cases  a  bromide) 
added.  When  this  mixture  is  poured  upon  a  plate  of  glass,  and  the  excess  drained 
off,  the  ether  and  much  of  the  alcohol  evaporate,  and  leave  a  thin  collodion  film, 
like  a  skin  on  the  glass.  Before  this  has  got  quite  dry  it  is  dipped  into  a  bath  of 
nitrate  of  silver,  which,  reacting  on  the  iodide  piesent,  precipitates  iodide  of  silver 
in  an  extremely  fine  state  of  division  in  the  pores  of  tne  film.  The  plate  is  now 
exposed  in  a  moist  condition  to  the  image  in  the  camera,  and  the  latent  image  is 
afterwards  developed  by  pouring  over  it  a  reducing  agent,  such  as  sulphate  of  iron 
or  pyrogallic  acid.  This  causes  the  invisible  image  to  make  its  appearance,  those 
parts  of  the  iodide  of  silver  film  upon  which  the  light  has  shone  attract  to  them- 
selves molecules  of  metallic  silver,  ready  to  precipitate  from  the  supernatant  liquid, 
and,  in  the  course  of  a  few  minutes,  the  picture  nas  fully  appeared,  with  the  light 
and  shade  reversed,  but  perfect  in  gradation  of  tint.  The  unaffected  iodide  of  silver 
is  lastly  dissolved  off  by  means  of  hyposulphite  of  sodium,  or  cyanide  of  potassium, 
and  the  picture  is  washed,  dried,  and  varnished.  From  a  negative  of  this  kind  hun- 
dreds of  positives  may  be  printed,  having  the  light  and  shade  as  in  nature.  (See 
Photography.) 

Colloid.     (CoUegelatine.)    See  Dialysis. 

Color  Blindness.  An  infirmity  of  the  human  eye,  by  which  it  is  unable  to  distin- 
guish certain  colors.  It  is  frequently  known  as  Daltonism,  from  the  chemist  Dal- 
ton,  who  labored  under  this  disease.  The  eye,  in  most  instances,  is  sensitive  to  even 
faint  light,  and  distinguishes  perfectly  the  form  of  bodies ;  but  different  colors,  such 
as  red  and  green,  cannot  be  distinguished  from  one  another ;  thus  ripe  cherries 
cannot  sometimes  be  distinguished  in  color  from  the  leaves  by  which  they  are  sur- 
rounded. In  this  case,  looking  through  a  red  glass  would  show  the  difference.  Dal- 
tonism is  not  an  uncommon  infirmity,  and  it  should  always  be  specially  looked  for 
when  men  are  engaged  in  work  which  depends  on  appreciation  of  color.  Railway 
accidents,  for  instance,  may  occasionally  have  happened  owing  to  the  driver  being 
unable  to  distinguish  a  red  from  a  green  signal. 

Colored  Flames.  When  certain  metallic  compounds  are  introduced  into  a  non- 
luminous  flame,  such  as  the  fiame  of  a  spirit  lamp,  or  a  Bunsen  gas  flame,  charac- 
teristic colors  are  produced.  The  following  is  a  list  of  the  principal  colored  flames, 
with  the  substances  producing  them  : — 

Blue  Flames. 

Intense  blue Chloride  of  Copper. 

Pale  clear  blue Lead. 

Light  blue Arsenic. 

,   Blue Selenium. 

Greenish-blue Antimony. 

Blue  mixed  with  green Bromide  of  copper. 

Green  Flames. 

Intense  emerald  green Thallium. 

Dark  green Boracic  acid. 

Full  green Tellurium  or  copper. 

Emerald  green  mixed  with  blue        ....  Iodide  of  copper. 
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Pale  green Phosphoric  acid. 

Apple  green Barium. 

Intense  whitish  green Zinc. 

Bluish-green      ........  Binoxide  of  tin. 

Yellow  Flams. 
Intense  yellow Sodium. 

Red  Flames. 

Intense  crimson Lithium. 

Red Strontium. 

Reddish  purple Calcium. 

Violet Potassium. 

These  observations  are  best  made  in  a  dark  room,  and  with  a  small  flame.  Very 
beautiful  spectrum  phenomena  are  observable  when  some  of  these  colored  flames  are 
examined  in  the  spectroscope.    (See  Spectrum;  Spectroscope.) 

Colored  Rings.    See  Newton's  Rings. 

Colored  Shadows.  When  a  colored  light  (red  for  instance)  and  a  white  one 
throw  the  shadow  of  the  same  object  upon  a  white  surface,  that  thrown  by  the  in- 
terception of  the  white  light  will  look  red,  as  the  red  is  the  only  light  shining  on 
that  part  of  the  surface.  But  the  shadow  thrown  by  the  red  light  will  look  green. 
This  is  caused  by  the  retina  being  somewhat  deadened  to  red  light,  owing  to  the 
great  surface  illuminated  by  this  color,  and  therefore  causing  the  small  portion,  from 
which  the  red  light  is  intercepted,  to  appear  green,  the  complementary  color  to  red. 
A  similar  effect  is  seen  at  night  when  a  double  shadow  of  a  person  is  thrown  on  the 
pavement  by  the  moon  and  a  gas  lamp. 

Colored  Stars,  Spectra  of.  The  spectra  of  stars  which  present  a  decided  color 
are  generally  seen  to  have  some  portions  thickly  covered  with  black  lines,  whilst 
other  portions  are  comparatively  free  from  black  fines.  Thus,  in  0  Cygni,  there  are 
two  stars  close  together,  one  orange,  the  other  blue.  The  orange  star  gives  a  spec- 
trum in  which  the  dark  lines  are  almost  entirely  confined  to  the  blue  and  violet  end, 
whilst  the  spectrum  of  the  blue  star  is  thickly  covered  with  dark  lines  in  the  red 
and  orange  portion.    (See  Stars,  Spectra  of.) 

Color  of  Tone.  Tne  ear  can  distinguish  a  difference  between  two  notes  which 
are  of  the  same  pitch  and  the  same  loudness,  if  they  are  produced  by  instruments 
of  different  kinds,  as  a  flute  and  a  violin.  The  difference,  which  is  familiar  to  all, 
can  scarcely  be  described,  nor  its  rationale  properly  understood.  When  a  stretched 
string  is  plucked,  it  is  seen  scarcely  ever  to  move  in  a  plane,  but  its  parts  describe 
elliptic  spirals,  the  axes  of  which  revolve  or  oscillate.  The  first  impulse  given  to  the 
air  by  such  a  string  must  also,  therefore,  be  spirally  applied.  In  the  case  of  the 
flute,  which  sounds  by  reason  of  simple  compression  and  rarefaction  of  the  air,  no 
such  spiral  impulse  is  given.  It  can  scarcely,  however,  be  allowed  that  the  com- 
plex motion  given  by  the  string  should  preserve  its  complexity  in  the  travelling 
wave.  It  is  more  probable  that  the  difference  of  color  is  due  to  the  existence  of 
feebly  sounding  harmonies.  When  a  string  is  plucked  or  struck  at  its  centre  it  will 
vibrate  as  a  whole,  giving  the  fundamental  note ;  it  will  also,  and  at  the  same  time, 
vibrate  in  two  segments,  each  giving  rise  to  the  higher  octave.  If  the  point 
plucked  or  struck  be  not  the  central  one.  an  indefinite  number  of  harmonic  and  other 
notes  may  be  produced.  The  "  richness"  of  a  note  seems  to  depend  upon  the  num- 
ber of  these  secondary  sounds  upon  their  harmonizing  with  and  being  in  subordina- 
tion to  the  fundamental  note.  This  relation  obtains  in  the  gong,  and  to  a  certain 
extent  in  the  cymbal.  A  note  to  which  the  expression  "  twang"  or  "  clang"  is  ap- 
plied always  includes  several  secondary  notes. 

Colors,  Absorption  of,  No  transparent  substance  allows  all  colors  to  pass 
through  with  equal  facility,  except,  perhaps,  when  it  is  reduced  to  excessive  thin- 
ness. Many  substances,  such  as  colored  glasses,  are  almost  opaque  to  some  parts  of 
the  spectrum,  whilst  they  allow  other  colors  to  pass  through  readily.  Many  metallic 
solutions,  when  examined  by  means  of  the  spectroscope,  are  seen  to  absorb  different 
colors  in  very  definite  parts  of  the  spectrum,  forming  absorption  bands  or  lines,  vary- 
ing in  width  and  intensity  according  to  the  strength  of  the  solution.  A  great  many 
organic  coloring  matters  likewise  possess  tnis  property.    For  further  particulars,  see 
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Papers  by  Professor  Stokes  (Chera.  Soc.  Jottr.  xvii.  p.  304),  and  by  Dr.  J.  H.  Glad- 
stone (Chem.  Soc.  Jour.  x.  p.  79).    See  Absorption  of  Light. 

Colors  Complementary.    See  Complementary  Colors. 

Colon,  Composition  Of.  The  pure  colors  of  the  solar  spectrum  are  called  simple 
colors ;  by  causing  two  or  more  of  these  to  mix  together  compound  colors  are  pro- 
duced. A  compound  color  is  sometimes  similar  in  the  effect  it  produces  on  the  eye 
to  a  simple  color,  but  more  frequently  it  is  different  to  any  in  the  specimen.  Of  this 
class  are  pink,  brown,  etc. 

Colors,  Newton's  Scale  of.    See  Newton's  Scale  of  Colors. 

Colors  of  Bodies.  The  color  of  natural  bodies  is,  in  most  cases,  due  to  their  ab- 
sorbing some  colors  and  reflecting  others.  They  appear  to  be  of  the  color  which 
they  reflect  back  to  the  eye.  Some  colors,  however,  such  as  those  on  butterflies' 
wings,  the  feathers  of  some  birds,  the  wing  cases  of  insects,  opals,  mother-of-pearl, 
etc.,  are  due  to  the  decomposition  of  light  by  reflection  from  grooved  surfaces,  or 
thin  plates  (which  see).  The  colors  of  bodies  depend  upon  the  kind  of  light  by 
which  they  are  illuminated :  thus  by  a  yellow  soda  name,  all  substances  appear  either 
yellow  or  black.  Bodies  also  vary  in  color  according  to  the  mechanical  state  of 
division  in  which  they  occur.  This  is  clearly  exemplified  in  the  beautiful  phenomena 
of  blue  and  ruby  gold,  investigated  by  Faraday.  (See  Gold,  Relation  of  to  Light.) 
Gold  in  thin  plates  reflects  vellow  and  transmits  green  light ;  but  when  suspended, 
in  a  very  fine  state  of  division,  in  water,  it  transmits  blue,  purple,  or  ruby  light,  ac- 
cording to  the  state  of  division  in  which  it  is  precipitated.  Those  solutions  all  con- 
tain metallic  gold  in  suspension,  as  Faraday  has  most  conclusively  shown,  and  yet 
they  transmit  totally  different  rays.  Dr.  Roscoe  has  adduced  several  instances  of 
similar  change  of  color,  which  he  considers  to  be  due  to  minute  division.  (See  Pro- 
ceedings of  the  Royal  Institution,  June  1,  1866.)  He  considers  that  the  varying 
size  of  the  reflecting  particles  in  the  atmosphere  (dust,  aqueous  vapor,  germs,  etc.), 
may  aid  in  producing  the  widely  differing  sunset  tints,  from  deep  ruby  red  to  yellow, 
and  even  blue  ;  for  there  are  several  well-authenticated  cases  in  which  the  sun  has 
been  seen  to  be  blue.    Thus,  in  the  year  1831,  a  blue  sun  was  noticed  over  a  great 

{>art  of  Europe,  aud  also  in  America.  (See  Opalescence  of  the  Atmosphere.)  The 
ight  transmitted  by  finely  divided  sulphur  is  red ;  blue  sulphur  can,  however,  be 
formed.  Thus,  if  we  add  sesquichloride  of  iron  to  solution  of  sulphuretted  hydro- 
Ken,  we  get  a  transient  but  very  splendid  purple  tint,  and  it  is  probable  that  this  is 
due  to  the  size  of  the  particles  of  sulphur  precipitated.  If  we  neat  sulphuretted  hy- 
drogen water  up  to  200°  C,  the  gas  decomposes,  with  separation  of  sulphur,  and  the 
solution  attains  a  deep  blue  color.  On  cooling,  the  color  disappears,  sulphur  is  de- 
posited, and  the  liquid  becomes  milky.  Again,  if  we  dissolve  sulphur  in  anhydrous 
sulphuric  acid,  a  magnificent  deep  blue  color  is  obtained,  although  no  chemical  action 
that  we  know  of  occurs.  When  the  analogues  of  sulphur,  selenium,  and  tellurium, 
are  acted  upon  by  anhydrous  sulphuric  acid,  they  also  yield  magnificently  colored 
liquids,  selenium  giving  a  deep  olive  green  solution,  and  tellurium  a  brilliant  ruby 
red  color.  The  ruby  red  gold  liquid  is  as  transparent,  and  apparently  as  truly  a 
liquid,  as  the  red  solution  of  tellurium,  yet  we  know  that  finely  suspended  metallic 
gold  is  the  cause  of  this  red  tint  Dr.  Roscoe,  therefore,  asks  whether  it  is  contrary 
to  analogy  to  suppose  that  the  color  of  this  red  liquid  is  caused  by  the  particles  of 
finely  divided  tellurium,  or  that  of  these  blue  and  green  liquids  by  the  particles  of 
sulphur  and  silenium.     (See  Absorption  of  Light) 

Colors  of  Films.    See  Thin  Plates,  Colors  of 

Colors  of  Grooved  Surfaces.    See  Grooved  Surfaces,  Colors  of. 

Colors  of  Metals.    See  Metals,  Colors  of. 

Colors  of  Salts  in  Solution.  Dr.  J.  H.  Gladstone  has  supplied  us  with  nearly 
all  the  knowledge  which  we  possess  on  the  rays  of  the  spectrum  which  colored  salts 
absorb.  The  general  law  appears  to  be  this :  A  particular  base  or  acid  has  the 
name  effect  on  tne  rays  of  light  with  whatever  it  may  be  combined  in  aqueous  solution. 
Hence  it  may  be  inferred  that  when  two  bodies  combine,  each  of  which  has  a  differ- 
ent influence  on  the  rays  of  light,  a  solution  of  the  salt  itself  will  transmit  only  those 
rays  which  are  not  absorbed  by  either,  or,  in  other  words,  those  which  are  transmit- 
ted by  both.  (Phil.  Mag.,  Dec.  1857.)  The  method  of  examination  recommended 
by  Gladstone  is  briefly  as  follows :  The  solution  to  be  examined  is  placed  in  a  hollow 
wedge  of  glass,  which  is  interposed  between  the  eye  of  the  spectator  and  a  narrow 
slit  in  the  window  shutter,  in  such  a  manner  that  the  thin  line  of  light  is  seen  tra- 
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versing  the  different  thicknesses  of  liquid.  This  line  of  light  is  then  analyzed  by 
placing  a  good  prism  between  the  hollow  wedge  and  the  eye.  In  this  way  it  is  seen 
at  once  what  rays  are  absorbed  by  increasing  thicknesses  of  solution.  The  results 
given  by  Dr.  Gladstone  show  that  each  colored  constituent  of  a  salt  retains  its  specific 
absorbent  power  when  in  combination.  Three  cases,  however,  which  he  gives  are 
anomalous ;  namely,  the  chromate  of  chromium,  the  double  iodide  of  platinum  and 
potassium,  and  the  ferric  ferrocyanide  dissolved  in  oxalic  acid.  This  latter  trans- 
mits blue  rays  in  great  abundance,  which  are  absorbed  both  by  ordinary  ferrocya- 
nides  and  by  ferric  salts. 

The  effect  of  heat  on  the  color  of  salts  in  solution  has  also  been  examined  by 
Gladstone.  As  a  general  rule  the  solution  of  a  salt  has  the  same  power  of  absorb- 
ing or  transmitting  the  rays  of  light  at  all  temperatures.  Nevertheless  it  is  not 
rare  to  find  colored  salts  which,  when  dissolved  in  water,  vary  in  shade  or  in  tint 
according  to  the  temperature.  In  the  following  instances  heating  the  solution  seems 
merely  to  intensify  the  color. 

Meconate  of  iron — red. 
Ter-bromide  of  gold — red. 
Pernitrate  of  cerium — red. 
Bichromate  of  potash — orange. 
Ferrocyanide  of  potassium — yellow. 
Molybdous  chloride — green. 

In  the  following  cases  a  change  takes  place  in  the  character  as  well  as  in  the  inten- 
sity of  the  color  when  the  solution  is  heated ;  it  being  understood  that  the  change 
of  color  lasts  only  as  long  as  the  heat  continues,  no  permanent  chemical  change 
being  effected,  ana  the  original  color  of  the  solution  returns  in  every  instance  as  it 
cools. 

Bichloride  of  platinum,  while  it  becomes  more  intense  in  color,  assumes  also  a 
redder  tint.  Protochloride  of  platinum  dissolved  in  hydrochloric  acid  behaves  in 
the  same  way.  Bichloride  of  palladium  acts  similarly.  Ferrocyanide  of  potassium 
gives  a  greenish  solution,  which  when  heated  alters  in  color,  and  if  not  too  dilute 
assumes  a  distinctly  red  appearance.  Polysulphide  of  potassium  passes  from  yel- 
low to  a  most  intense  red.  Sesquichloride  of  iron  passes  from  yellow  to  a  most 
intense  red.  Chloride  of  nickel  passes  from  a  bluish  to  a  yellowish  green.  Iodide  of 
nickel  when  dissolved  in  a  little  water  gives  a  clear  green  solution,  which  on  the  ap- 

friication  of  heat  becomes  of  a  nondescript  shade  that  appears  distinctly  red  by  gas- 
ight.  Chloride  of  copper  gives  a  green  saturated  solution  which  on  the  addition  of 
more  water  becomes  blue.  If  this  blue  solution  be  heated  (unless  too  dilute)  the 
green  color  is  restored.  Bromide  of  copper  behaves  like  the  chloride.  Sulphocy- 
anide  of  cobalt  in  a  minimum  of  water  gives  a  magnificent  bluish-purple  color,  but 
on  dilution  it  changes  to  the  ordinary  pink  tint  of  cobalt  salts  in  solution.  If  this 
be  heated,  provided  it  is  not  too  dilute,  it  will  reassume  the  purple  hue.  Chloride 
of  cobalt  dissolves  in  water  always  of  a  pink,  and  in  absolute  alcohol  always  of  a  blue 
color,  while  in  mixtures  of  alcohol  and  water  it  will  assume  an  intermediate  tint.  By 
arranging  properly  the  proportions  of  the  two  solvents  a  liquid  may  be  obtained 
which  will  show  all  the  changes  of  an  aqueous  solution  of  the  sulphocyanide  passing 
from  pink  through  purple  to  blue  when  it  is  heated,  and  conversely  from  blue  to  pink 
when  it  is  cooled.     (See  Absorption  of  Light.) 

Colors  of  Thick  Plates.    See  Thick  Plates,  Colors  of. 

Colors  of  Thin  Plates.    See  Thin  Plates,  Colors  of. 

Colors  produced  by  Polarization.  When  a  thin  film  of  a  doubly  refracting 
crystal  is  viewed  in  the  polariscope,  very  brilliant  colors  are  produced,  depending 
upon  the  thickness  of  the  film,  and  the  angles  which  the  polarizer,  analyzer,  and 
crystalline  film  form  with  each  other.  The  cause  of  the  production  of  color  is  briefly 
aa  follows :  The  light  passing  through  the  polarizer  is  donbly  refracted  by  the  crys- 
talline plate,  but,  as  this  is  excessively  thin,  the  ordinary  and  the  extraordinary  ray, 
which  pass  through  with  different  velocities,  emerge  superposed,  and  the  vibrations 
consequently  interfere  with  one  another,  producing  color.  As,  however,  the  color 
produced  by  one  set  of  waves  is  complementary  to  that  produced  by  the  other  set 
of  waves,  nothing  but  white  light  is  seen.  The  analyzer  here  comes  into  play ;  this 
resolves  the  two  sets  of  rays  each  into  two  other  systems,  two  vibrating  in  one  plane, 
and  the  other  two  in  another  plane.    The  vibrations  in  each  plane  interfere  and 
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produce  color,  and  these  being  in  opposite  states  of  vibration,  the  analyzer  is  able  to 
suppress  one  and  transmit  the  other,  and  thus  render  the  color  visible.  The  inter- 
fering vibrations  in  one  plane  strengthen  each  other,  whilst  those  of  the  opposite 
plane  oppose  each  other,  and  the  result  is  that  the  color  produced  by  interference, 
in  one  case,  is  complementary  to  that  produced  in  the  other  case.  By  rotating  the 
analyzer,  these  two  colors  are  alternately  transmitted,  passing  through  an  interme- 
diate neurral  point  of  white  light.  The  best  crystal  for  showing  colors  is  selenite, 
as  it  splits  very  easily  into  films  of  the  requisite  thickness.  If,  instead  of  selenite.  a 
slice  of  a  uniaxial  crystal,  such  as  calcspar,  is  examined  in  the  polariscope,  the 
amount  of  double  refraction  varies  according  to  the  angle  which  the  light  forms  with 
the  optic  axis,  and  the  varying  interference  thereby  produced  causes  the  production 
of  colored  rings  around  a  black  cross.  If  the  crystal  has  two  axes,  the  figure  is 
somewhat  elliptical  around  a  block  cross,  which  on  rotation  changes  into  two  black 
hyperbolic  curves.    (See  Polarized  Light ;  Polariscope.) 

Columba.  (Abbreviated  from  Columba  Noachi,  Noah's  Dove.)  A  small 
southern  constellation  formed  by  Boyer.  It  comprises  a  somewhat  rich  group  of 
small  stars. 

Columbium.  An  excessively  rare  metallic  element,  discovered  by  Hatchett  in 
1801,  in  a  mineral  called  columbite.  Subsequently  Wollaston  pronounced  Colum- 
bium  to  be  the  same  as  Ekeberg's  tantalum.  In  1846  H.  Rose  was  led  to  conclude 
that  columbite  contained  two  metals  closely  resembling  tantalum,  but  not  identical 
with  it ;  to  these  he  gave  the  names  pelopium  and  niobium.  He  has  since  found 
that  niobium  and  pelopium  are  the  same  metal,  and  he  therefore  discarded  the  name 
pelopium  and  retained  niobium.  But  this  niobium  is  the  same  as  Hatchett's  colum- 
bium, and,  therefore,  it  is  only  right  that  it  should  be  recognized  by  the  name  given 
to  it  by  the  original  discoverer.  This  alteration  of  name  is  now  gradually  coming 
into  use,  and  chemists  will,  it  is  hoped,  recognize  columbinm  and  tantalum  as  the 
two  metals  which  have  been  vaguely  known  under  the  names  tantalum,  niobium, 
pelopium,  and  columbinm. 

Column,  Electric.  Another  name  for  Yolta's  Pile  (which  see).  It  is  called  an 
electric  column  from  its  form ;  consisting,  as  it  does,  of  a  pillar  composed  of  a  very 
large  number  of  copper,  zinc,  and  moistened  flannel  disks  piled  one  above  the  other 
alternately. 

Colure.  (xoxovpos,  curtailed,  imperfect)  In  astronomy,  a  colure  is  a  great  circle 
of  the  sphere  passing  through  the  poles  of  the  heavens,  and  the  equinoctial  points 
and  solstitial  points  on  the  ecliptic.  The  circle  through  the  equinoctial  points  is 
called  the  equinoctial  colure,  that  through  the  solstitial  points,  the  solstitial  colure. 
A  part  of  these  circles  is  at  all  times  beneath  the  horizon ;  hence  (it  is  supposed) 
their  being  named  colures. 

Coma.  (Abbreviated  from  Coma  Berenices,  Berenice's  Hair.)  One  of  Ptolemy's 
northern  constellations.  Doubtless  this  star-group  originally  belonged  to  the  con- 
stellation Leo.  It  consists  of  a  somewhat  widely  dispersed  cluster  of  small  stars. 
Sir  William  Herschel  considered  this  group  as  the  nearest  of  the  system  of  nebulae 
which  occupies  the  region  covered  by  the  constellation,  a  theory  which  is  not  clearly 
intelligible  when  we  remember  that  some  of  the  stars  forming  the  constellation  are 
of  the  fourth  magnitude,  and  would  therefore  seem  to  belong  beyond  question  to  the 
sidereal  system,  not  to  be  the  components  of  an  external  galaxy. 

Combination,  Chemical.    See  Affinity;  Atomic  Theory. 

Combination,  Heat  of.    See  Heat  of  Combination. 

Combustion.  (Comburo,  Combustus,  to  consume.)  When  substances  combine 
chemically,  and  the  combination  is  attended  by  the  evolution  of  light  and  heat,  the 
phenomenon  is  called  combustion.  All  ordinary  combustion  is  the  union  of  an  inflam- 
mable body  with  oxygen  gas,  the  most  familiar  example  of  which  is  found  in  the 
burning  of  coal  in  a  fireplace.  As  other  forms  of  combustion,  we  have  metals  burn- 
ing in  chlorine,  or  the  vapor  of  bromine.  Substances,  like  oxygen,  which  combine 
with  inflammable  bodies  attended  by  the  phenomenon  or  combustion,  are  called 
>*upporters  qf  combustion;  while  the  substances  burnt,  such  as  coal,  are  called 
combustibles.  The  term  slow  combustion,  which  is  sometimes  used  in  such  cases  as 
the  gradual  oxidation  of  moist  phosphorus,  is  very  inappropriate,  and  should  always 
be  replaced  by  slow  oxidation,  or  slow  chemical  union  ;  because  combustion  is  a 
more  or  less  violent  action,  accompanied  by  the  production  of  intense  light  and  heat. 
When  carbon  is  burnt  in  oxygen  gas,  we  have  an  example  of  combustion  ;  but  when 
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the  electric  arc  passes  between  two  carbon  points  placed  in  a  vacuum,  we  have  an 
exsmble  of  ignition.  According  to  a  theory,  which  has  received  considerable  sup- 
port, the  heat  produced  during  chemical  combination  is  caused  by  the  direct  conver- 
sion of  motion  into  heat  (See  Heat ;  Mechanical  Equivalent  of  Heat.)  Thus, 
the  combustion  of  carbon  in  oxygen,  is  said  to  be  due  to  the  clashing  of  carbon  and 
oxygen  atoms,  which  rush  together  under  the  influence  of  the  force  o^  chemical 
affinity  with  an  enormous  velocity,  and  when  they  come  into  collision  their  motion 
of  translation  is  transmitted  into  that  kind  of  vibratory  motion  which  we  call  heat. 

Comas.  (A  Companion.)  A  name  sometimes  given  by  astronomers  to  the 
smaller  star  of  a  very  unequal  pair. 

Comet.  (xvpT**,  long  haired.)  The  name  given  by  astronomers  to  a  class  of 
celestial  objects  presenting  a  nebulous  aspect,  but  traversing  the  interstellar  spaces, 
and  becoming  known  to  us  by  passing  within  the  limits  of  the  sun's  attraction. 
Many  of  them  belong  to  the  solar  system,  travelling  in  closed  paths  around  the  sun. 

Although  the  idea  that  comets  may  travel  in  periodic  orbits  around  the  sun  had 
suggested  itself  to  the  ancients,  and  was  even  said  to  have  been  definitely  taught  by 
the  ancient  Chaldaean  astronomers,  we  owe  to  Newton  the  first  enunciation  of  this 
theory.  He  founded  it  upon  the  calculations  he  had  applied  to  the  motions  of  the 
great  comet  of  1680.  The  theory  can  hardly  be  said  to  have  been  proved,  however, 
until  the  time  of  Halley's  researches  into  the  motions  and  periodic  returns  of  the 
comet  which  bears  his  name,  or  perhaps  even  until  the  date  of  the  first  return  of 
this  comet  in  accordance  with  Halley's  predictions. 

A  comet  usually  presents  the  appearance  of  a  coma,  or  haze  of  light  surrounding 
a  somewhat  bright  nucleus.  As  the  comet  approaches  the  sun  the  haze  of  light 
generally  grows  elongated,  and  when  the  comet  is  a  large  one,  traces  begin  to  be 
seen  which  indicate  the  approaching  formation  of  a  tail.  A  certain  appearance  of 
streakines8  in  the  comet's  light  usually  precedes  the  formation  of  the  tail.  The 
direction  of  the  tail  is  nearly  always  from  the  sun.  It  grows  longer  and  brighter  as 
the  comet  approaches  perihelion.  After  perihelion  passage  many  comets  are  greatly 
changed  in  appearance.  Some  are  brighter  and  more  striking  than  they  were  before 
perihelion  passage ;  while  others  are  shorn  of  a  large  proportion  of  their  splendor. 
The  latter  was  tne  case  with  the  comet  of  1835-36,  as  we  learn  from  Sir  J.  Herechel, 
who  observed  it  in  the  southern  heavens  after  it  had  passed  away  from  our  skies. 
On  the  contrary,  the  comet  of  1811  appeared  in  its  full  splendor  after  perihelion 
passage. 

The  only  feature  which  belongs  to  all  comets  is  the  coma.  Many  comets  have  no 
nucleus,  and  quite  a  large  proportion  have  no  tail ;  on  the  other  hand,  some  comets 
have  more  than  one  tail.  One  appeared  in  1744  which  had  no  less  than  six  tails, 
symmetrically  disposed  in  the  figure  of  a  half  open,  but  somewhat  curved  fan. 
Others  have  exhibited  a  yet  more  anomalous  appearance,  having,  besides  a  tail  in 
the  usual  position,  a  second  abnormal  tail,  inclined  to  the  first  at  a  considerable 
angle.    Sometimes  the  tail  seems  completely  separated  from  the  head  by  a  dark 

gap ;  more  commonly,  however,  there  is  a  dark  space  immediately  behind  the  head, 
ut  on  each  side  of  this  space  the  light  from  the  head  is  continued  so  as  to  form  a 
bright  border  on  each  side  of  the  tail. 

The  real  dimensions  of  comets  must,  in  many  cases,  be  regarded  as  inconceivably 
yast,  many  times  larger,  for  example,  than  the  combined  volume  of  the  sun  and  all 
the  orbs  which  circle  round  him.  On  the  other  hand,  comets  are  bodies  of  small 
mass,  their  attractions  not  appearing  to  have  any  influence  even  on  the  smallest 
bodies  belonging  to  the  solar  system. 

The  particulars  in  the  three  following  paragraphs  are  taken  from  the  excellent 
appendix  which  Mr.  Dunkin,  of  the  Greenwich  Observatory,  has  added  to  Lardner's 
Handbook  of  Astronomy. 

Distribution  of  the  Uometary  Orbits  in  space.  Although  the  cometary  orbits 
exhibit  every  variety  of  figure  and  position,  while  some  comets  travel  in  a  retrograde, 
others  in  a  direct  manner  around  the  sun,  yet  there  are  not  wanting  signs  of  law, 
even  in  the  distribution  of  the  paths  followed  by  these  seemingly  most  erratic  bodies. 
In  the  first  place  as  regards  the  inclination  of  the  cometary  orbits,  there  are  signs 
of  a  tendency  among  the  planes  of  these  orbits  to  collect  themselves  as  tangent 
planes  to  an  imaginary  cone,  having  the  sun  as  its  vertex,  its  axis  at  right  angles 
to  the  plane  of  the  ecliptic,  and  having  a  half  vertical  angle  of  about  45  degrees. 
As  regards  the  distribution  of  the  cometic  perihelia,  there  seems  to  be  a  well-marked 
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tendency  to  a  great  increase  in  the  sun's  neighborhood.  The  following  table  indi- 
cates the  proportional  number  of  perihelia  found  between  given  limits  of  distance, 
and  the  deduced  richness  of  distribution  of  perihelia,  the  column  headed  cubical 
space  referring  to  the  actual  volume  of  spherical  shells  centrally  placed  round  the 
sun,  and  having  their  bounding  surfaces  at  the  distances  from  him  which  are  indi- 
cated in  the  first  column : — 


Limiting  Distances 

from  Sun  in  millions 

of  miles. 

Number  of 
Perihelia. 

Cubical  Space. 

Density  of 
Perihelia. 

Oto    20 
20  to   40 
40  to   60 
60  to    80 
80  to  100 
100  to  120 

8.65 
11.70 
20.30 
17.20 
20.80 

8.65 

1 
7 
19 
87 
61 
91 

8.65 
1.67 
1.06 
0.47 
0.34 
0.095 

It  is  impossible  not  to  recognize  in  the  relations  here  presented  the  existence  of  a 
well-marked  law  of  increase  towards  the  sun's  neighborhood.  This  increase  is  the 
more  remarkable,  because  all  comets  whose  orbits  lie  wholly  within  the  earth  must 
escape  recognition.  One  can  hardly  doubt  that  many  such  bodies  exist.  If  so,  the 
number  of  perihelia  within  the  earth's  orbit  may  increase  in  a  very  much  greater 
proportion  than  that  indicated  in  the  above  table. 

Gfeneral  Laws  affecting  Cometic  Orbital  Motions.  Although  the  comets  pre- 
sent so  many  remarkable  features  of  diversity  from  all  the  other  members  of  the 
solar  family,  yet  the  diversity  is  less  marked  in  some  cometic  groups  than  in  others. 
For  example,  the  orbits  of  the  comets  whidh  travel  within  the  path  of  Saturn  are 
characterized  by  a  tendency  to  exhibit  what  may  be  termed  planetary  features. 
Many  of  them  are,  indeed,  inclined  to  the  plane  of  the  ecliptic  at  considerable 
angles,  yet  they  show  a  decided  general  preference  for  that  plane.  In  this  respect, 
indeed,  they  closely  resemble  the  asteroids,  but  their  eccentricity  is  in  every  instance 
greater  than  in  any  case  of  asteroidal  motion.  The  following  table  indicates  these 
relations  unmistakably : — 


Name  of  Comet. 

Mean  dfrtanoe 
from  Sun. 

Eocentricity. 

Inclination. 

Period  la  years. 

2.2181 

0.8464 

13°    4>  15" 

3.303 

2.8490 

0.6867 

9    11      6 

4.809 

Barckhardt's       .... 

2.9337 

0.8640 

8      1    45 

5.025 

8.0913 

0.7213 

1    63    43 

6.435 

3.1028 

0.6173 

2    54    45 

5.469 

3.1343 

0.7547 

10    48      4 

6.549 

Brorsen's      .                ... 

8.1463 

0.7945 

30    67    51 

6.681 

3.1560 

0.7861 

1    34    28 

6.607 

3.1602 

0.7552 

10    42    48 

-6.618 

3.4618 

0.6609 

13    66      6 

6.380 

3.5306 

0.7563 

12    S3    17 

6.635 

3.8118 

0.5576 

11    22      7 

7.414 

4.6496 

0.6784 

47    43      0 

10.025 

6.3206 

0.7567 

13      2    14 

16.990 

All  these  comets  travel  in  a  direct  manner  around  the  sun. 

Now,  in  considering  a  group  of  comets  having  mean  distances  considerably  ex- 
ceeding those  of  the  comets  in  the  above  list,  we  find  at  once  increased  eccentricity, 
a  much  greater  average  of  inclination,  and  no  longer  that  uniformly  direct  motion 
which  characterizes  the  comets  of  short  period. 

Take  for  instance  the  following  table,  which  includes  six  comets  whose  aphelia  lie 
beyond,  but  not  (relatively)  very  far  beyond  the  orbit  of  Neptune : — 


COMET. 


167 


Moan  distance 

Kam«  of  Comet 

from  San. 

Eccentricity. 

Inclination. 

Period  in  yaws. 

16.6200 

0.9248 

40°  58'  32" 

67.770 

17.0955 

0.9545 

73    67      3 

70.068 

DeVleo'8 

17.5386 

0.9544 

84    57    13 

73.250 

Olbon'f        .        .               .       . 

17.6338 

0.9312 

44    29    55 

74.050 

Brorsen's               .                . 

17.7795 

0.9726 

19      8    25 

74.970 

H*Uey'»        .        . 

17.9875 

0.9674 

17    45      5 

76.680 

Of  these  the  first  five  move  in  a  direct,  the  sixth  in  a  retrograde  manner. 

Now,  notwithstanding  the  fact  that  amongst  these  two  groups  direct  motions  pre- 
vail so  considerably  over  retrograde  motions,  yet  in  taking  203  comets  whose  direc- 
tion has  been  ascertained,  Mr.  Dunkin  finds  104  which  have  direct,  and  99  which 
have  retrograde  motion,  an  equality  of  distribution  showing  that,  so  far  as  all  the 
comets  not  specially  associated  with  our  system  are  concerned,  no  trace  exists  of  any 
law  governing  the  direction  of  motion. 

It  will  be  noticed  of  the  two  groups  of  comets  dealt  with  in  the  above  tables  that 
their  orbits  are  related  in  a  somewhat  intimate  manner  with  the  orbits  of  Jupiter 
and  Saturn  as  respects  the  first  group,  and  that  of  Neptune  in  the  case  of  the 
second.  The  apheha  of  all  the  comets  of  the  first  group,  except  the  last  two,  lie 
relatively  not  far  from  the  orbit  of  Jupiter,  those  of  the  remaining  two  comets  are 
in  like  manner  associated  with  the  orbit  of  Saturn,  while  the  orbits  of  all  the  comets 
in  the  second  table  are  associated  in  a  similar  way  with  the  orbit  of  Neptune. 

This  evidence  points  to  the  conclusion  that  those  comets  which  now  form  part  of 
the  solar  system,  revolving  in  closed  orbits  around  the  sun,  have  been  introduced 
into  that  system  by  the  action  of  the  major  planets.  It  is  clear  that,  supposing  a 
comet  were  approaching  the  sun  from  outer  space,  on  a  path  which,  if  there  were 
no  disturbing  force,  would  carry  it  close  to  the  sun,  and  then  away  into  space  again 
never  to  return,  the  action  of  a  major  planet,  which  should  happen  to  be  close  by 
the  comet's  path,  might  very  well  serve  to  deflect  the  comet  into  a  new  orbit,  having 
an  elliptical  instead  of  a  parabolic  or  hyperbolic  figure.  And  it  is  easy  to  see  that 
in  the  majority  of  instances,  the  scene  where  this  disturbance  took  place  would  be 
near  the  part  of  the  comet's  new  orbit  which  was  most  curved,  in  other  words, 
would  be  near  the  aphelion  of  the  new  orbit.  Now  if  the  comet's  path  were  con- 
siderably iuclincd  to  the  plane  of  the  ecliptic,  it  will  be  obvious  that  in  travelling 
on  its  new  path  the  comet  would  only  be  liable  to  fresh  disturbance  when  cither 
near  the  scene  of  its  introduction  into  the  planetary  scheme,  or  at  the  exactly  oppo- 
site part  of  its  path,  where  it  would  again  cross  the  plane  of  the  ecliptic.  If,  as 
would  commonly  be  the  case,  this  second  point  did  not  lie  near  the  orbit  of  a  planet, 
the  comet  would  be  only  liable  to  fresh  disturbance  when  near  the  scene  of  its  first 
introduction  into  the  solar  system.  Thus  we  can  understand  the  existence  of  groups 
of  comets  depending  on  the  major  planets,  in  such  a  way  that  while  the  sun  princi- 
pally sways  their  movements,  one  or  other  of  the  major  orbs  is  a  sort  of  subordinate 
ruler  which  may  be  able  at  some  future  time  to  expel  the  very  comet  it  had  intro- 
duced into  the  solar  system.  This  is,  indeed,  no  imaginary  case,  since  Lexell's 
comet,  which  was  forced  by  the  attraction  of  Jupiter  into  an  orbit  having  a  mean 
period  of  about  5J  years,  was  again  encountered  by  Jupiter  after  completing  two 
revolutions  round  the  sun,  and  sent  off  on  an  orbit  which  extends  far  out  into  space, 
even  if  it  be  not  parabolic  or  hyperbolic  in  figure.  The  comet  has  never  been  seen 
since. 

We  know  so  little  respecting  the  physical  condition  of  comets  that  it  would  be 
hazardous  to  speculate  at  present  concerning  their  real  nature.  A  theory  of  great 
ingenuity,  and  (what  is  novel  in  this  branch  of  speculation)  founded  on  physical 
experiments  which  really  seem  to  have  some  bearing  on  the  subject,  has  lately  been 
put  forward  by  Professor  Tyndall,  who  is  disposed  to  regard  the  tails  of  comets  as 
resulting  from  the  formation  of  a  species  of  actinic  cloud  by  the  action  of  the  solar 
rays,  after  their  character  has  been  altered  during  their  passage  through  the  comet's 
head.  At  present,  however,  it  is  difficult  to  say  whether  such  a  theory  is  well  or 
ill  founded,  because  we  have  so  little  positive  evidence  respecting  the  actual  physi- 
cal condition  of  cometic  substance. 
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Gometaxy  Spectra.  Mr.  Huggins  has  discovered  that  comets  yield  a  spectrum 
consisting  of  three  or  four  luminous  bands  much  wider  apart  than  those  in  the 
nebulse.  Brorsen's  comet,  1868,  gives  three  bands  not  identical  in  position  with 
those  of  any  known  substance,  bat  the  three  bands  of  comet  II.  of  1868  coincide 
with  the  spectrum  of  incandescent  defiant  gas  or  carbon  (see  Mr.  Huggins's  paper, 
Phil.  Trans.  1868,  p.  529).     (See  Spectrum.) 

Commutator.  (Muto,  to  turn.)  A  piece  of  apparatus  used,  for  making,  break- 
ing, and  reversing  a  current  from  the  battery,  in  connection  with  many  electrical 
instruments.  There  are  many  forms  of  commutator ;  the  arrangemant  used  depend- 
ing entirely  on  the  purpose  for  which  it  is  employed.  Frequently  it  consists  of  an 
ivory  cylinder  into  which  are  let  at  intervals  slips  of  brass  whose  number  depends 
upon  the  connections  to  be  made.  These  slips  are  connected  with  each  other  in 
pairs,  and  the  cylinder  is  turned  upon  its  axis  by  means  of  a  handle.  Against  the 
surface  of  the  cylinder  springs  press,  which  are  connected  with  the  batteries,  galva- 
nometers, or  other  instruments,  by  wires  proceeding  to  binding  screws  attached  to 
them.  When  they  press  upon  the  ivory  parts  between  the  brass  slips  on  the  cylin- 
der, connection  is  cut  off,  since  ivory  is  an  insulator,  but  when  the  ivory  cylinder  is 
turned  round,  and  they  press  upon  the  brass  slips,  the  circuit  is  completed,  in  any 
required  direction,  by  means  of  the  wires  joining  these  slips. 

Other  commutators  are  described  in  connection  with  the  instruments  to  which  they 
are  applied. 

Comparison  of  the  Intensity  of  two  Luminous  Sources.    See  Photometry. 

Compass.  Primarily  an  instrument  for  showing  the  magnetic  north  and  south 
line,  founded  upon  the  power  which  the  earth  has  of  causing  a  magnet,  supported 
so  as  to  be  capable  of  turning  round  a  vertical  axis,  to  take  up  a  definite  position. 
Since,  however,  the  phenomena  of  magnetism  have  become  better  understood,  the 
name  has  been  extended  to  include  every  instrument  for  examining  qualitatively  the 
directive  tendency  of  the  earth  upon  a  magnet.  If,  as  is  fully  explained  under 
Magnetism,  Terrestrial,  a  magnetized  bar  could  be  freely  suspended  about  its  centre 
of  gravity — that  is,  so  as  to  be  capable  of  turning  in  any  direction  whatsoever — it 
would  take  up  a  certain  position  depending  upon  its  place  on  the  earth's  surface.  V 
In  England  it  would  point  nearly  to  the  geographical  north  and  south,  and  it  would 
dip  downwards  at  the  same  time,  making  an  angle  of  about  70°  with  the  horizontal 
plane.  An  instrument  for  observing  the  north  and  south  directive  tendency  or  the 
declination  is  called  a  declination  compass,  or,  more  frequently,  simply  a  compass. 
An  instrument  for  observing  the  dip  or  inclination  is  called  an  inclination  com* 
pass,  and  frequently  a  dipptna  needle.  It  is  the  first  of  these  instruments  which 
we  shall  now  describe,  as  it  is  the  one  to  which  the  word  compass  originally  belonged ; 
the  description  of  the  other  will  be  found  below. 

The  history  of  this  instrument  is  entirely  unknown.  There  is  good  reason  for  be- 
lieving that  the  Chinese  were  acquainted  with  the  use  of  it  seven  hundred  years  at 
least  before  it  was  employed  by  European  nations.  The  general  use  of  it  in  Europe 
appears  to  have  been  introduced  about  the  end  of  the  thirteenth  century.  It  was 
known  in  the  twelfth  century,  the  first  mention  of  it  being  made  by  a  French  writer 
of  the  period. 

The  compass  in  its  simplest  form  consists  of  a  bar  magnetized  longitudinally,  and 
supported  by  a  vertical  needle  point,  so  as  to  be  free  to  move  in  the  horizontal  plane. 
A  delicate  method  of  suspension  is  obtained  by  boring  through  the  bar,  and  attach- 
ing just  above  the  hole  a  hollowed  cup  of  aerate  or  ruby,  by  which  the  bar  rests 
upon  a  very  fine  needle  point.  A  sufficiently  Tight  magnet  supported  in  this  way  is 
but  little  interfered  with  by  friction.  The  magnet  thus  suspended  is  placed  inside  a 
circular  compass  box,  and  on  a  white  card  in  the  bottom  of  it  the  points  of  the  com- 
pass (see  Rhumbs),  with  half  points  and  quarter  points,  are  marked ;  and  frequently 
the  circumference  of  the  card  is  divided  into  degrees  and  quarters  of  a  degree.  By 
observing,  then,  the  direction  in  which  the  magnet  points,  and  by  knowing  the  angle 
of  variation  for  the  place  of  observation,  the  true  or  geographical  north  and  south 
line  is  determined.  The  angle  of  variation  is  the  angle  by  which  the  north  and  south 
line,  as  indicated  by  the  compass,  differs  from  the  geographical  north  and  south  line. 
(See  Magnetism,  Terrestrial.)  For  Greenwich  this  angle  is  at  present  (1870)  19° 
o.V  west—that  is  to  say,  the  magnet  points  to  the  west  of  true  north  by  that  amount. 
North  of  Greenwich  the  angle  increases ;  thus  at  Edinburgh  it  is  2°  5'  greater.  (See 
also  Compass,  Mariner's.) 
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Comp&M,  fhft  Azimuth.  The  azimuth  distance  of  any  point  in  the  heavens  is 
the  distance  measured  along  the  horizon  between  the  loot  of  a  secondary  to  the 
horizon  through  thepoint,  and  the  point  of  intersection  of  the  astronomical  meridian 
with  the  horizon.  The  same  is  the  definition  of  the  magnetic  azimuth  distance  of  a 
point,  if,  for  astronomical  meridian,  magnetic  meridian  be  substituted.  The  Azimuth 
Compass  is  an  instrument  for  determining  the  magnetic  azimuth  of  a  point :  and  it 
is  plain  that,  by  knowing  the  astronomical  azimuth,  and  likewise  the  magnetic  azi- 
muth of  a  point,  we  can  at  once  determine  the  variation  of  the  compass  at  the 
place  of  observation.    (See  Compass,  Variation  of.) 

The  Azimuth  Compass  is  a  mariner's  compass,  which  has  the  card  divided  into 
degrees  and  quarters  of  a  degree  round  the  circumference,  and  at  opposite  points  of 
the  box  are  fitted  two  upright  pieces  of  brass,  with  slits  down  the  middle,  through 
which  the  sun,  star,  or  other  object  may  be  viewed.  These  uprights  are  called  the 
sights  of  the  instrument.  A  vertical  wire  or  hair  is  stretched  in  the  middle  of  one 
of  the  slits;  the  other  is  furnished  with  a  triangular  prism,  arranged  so  as  to  reflect 
the  division  of  the  compass  card  just  below  the  sight  up  to  the  eye.  This  sight  has 
also  an  eye-piece  with  colored  glasses  to  preserve  the  eyes  when  the  sun  is  the  object 
observed. 

In  order  to  use  the  instrument,  the  whole  box  is  turned  round  a  vertical  axis,  till, 
on  looking  through  the  eye-piece  and  the  sight  opposite,  the  object  to  be  observed 
appears  through  the  slit,  bisected  by  the  hair,  whicn  passes  down  the  middle  of  it 
At  the  same  time,  the  prism  reflects  the  divisions  of  the  scale  to  the  eye  of  the 
observer,  and  the  number  read  off  expresses  the  magnetic  azimuth  distance  of  the 
object. 

Compass,  Declination ;  or,  Declinometer.  The  instrument  by  which  the  angle 
of  magnetic  declination  is  determined — that  is,  the  angle  between  the  planes  of  the 
magnetic  and  geographical  meridians.  (See  Declination,  Declinometer,  and  Mag- 
netism, Terrestrial.) 

Compass,  Inclination ;  or,  Dipping  Needle.  An  instrument  for  measuring  the 
angle  of  magnetic  inclination,  or  the  angle  which  a  magnet,  turning  about  a  hori- 
zontal axis,  and  placed  in  the  magnetic  meridian,  makes  with  the  horizontal  plane. 
(See  DippingNeedle,  and  Magnetism,  Terrestrial.) 

Compass,  Mariner's,  A  particular  form  of  compass  especially  adapted  to  use 
at  sea.  To  the  upper  side  of  a  magnetized  needle  turning  upon  a  suitable  pivot  as 
described  above  (see  Compass),  is  attached  a  circular  plate  of  mica,  in  the  centre 
of  which  is  traced  a  star  with  32  rays,  which  are  the  rhumbs  or  points  of  the  com- 
pass as  they  are  called.  In  order  to  avoid  the  effect  of  pitching  and  rolling  of  the 
ship,  the  compass  is  supported  on  gimbalds.  These  are  two  concentric  copper  rings ; 
the  larger  ring  turns  upon  a  horizontal  axis  whose  extremities  rest  in  the  sides  of 
the  exterior  case  which  contains  the  compass.  The  interior  ring  turns  upon  an  axis 
which  passes  through  two  opposite  points  of  the  circumference  of  the  outside  ring 
in  a  line  at  right  angles  to  the  axis  on  which  it  turns.  The  compass  is  fastened  to 
the  inside  ring,  and  its  weight  tends  to  keep  the  plane  of  the  rings  horizontal.  Thus 
supported,  the  compass-box  and  card  always  keep  their  position  m  spite  of  the  pitch- 
ing of  the  vessel.  A  black  vertical  line  is  drawn  inside  the  compass-box,  so  placed, 
that  the  line  joining  it  with  the  point  on  which  the  card  turns  is  that  of  the  ship's 
motion ;  and  thus  the  point  of  tne  card  which  stands  opposite  to  it  indicates  the 
direction  in  which  she  is  sailing,  with  reference  to  the  magnetic  meridian  of  the 
place.  For  night  sailing  a  lamp  is  arranged  so  as  to  throw  its  light  up  from  beneath 
through  the  mica  card,  and  the  points,  which  are  opaque,  appear  dark  upon  a  bright 
ground.  *^ 

*^  A  great  obstacle  to  the  use  of  the  compass  is  found  in  the  magnetism  of  the  ship 
itself.  An  account  of  this  will  be  found  under  Magnetism  of  Ships.  Ararions  plans 
have  been  proposed  for  doing  away  with  the  effect  of  it.  such  as  by  placing  noar  to 
the  compass  masses  of  soft  iron,  or  by  having  a  compass  card  distorted  to  suit  the 
particular  ship.  Since,  however,  the  magnetism  of  the  ship  is  not  permanent,  but 
alterable  bv  change  of  position,  by  rough  weather,  and  so  on,  these  methods  can 
never  be  wholly  successful.  In  large  ships  a  compass  is  frequently  placed  at  the 
mast  head,  and  this  being  very  much  out  of  the  influence  of  the  local  attraction  the 
error  of  the  deck  compass  can  be  determined  by  comparison.    This  error  is  also  fre- 

Snently  determined  when  possible  by  observing  a  distant  object  on  shore  and  noting 
le  effect  on  the  Azimuth  Compass  while  the  ship  is  gradually  swung,  that  is,  has 
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its  head  tamed  round  to  every  point  of  the  compass.  The  terrestrial  variations  of 
the  compass  will  be  found  discussed  in  a  separate  article.  (See  Compass,  Variations 
of;  Declination ;  and  Magnetism,  Terrestrial.) 

Compass,  Points  of  the.    Sec  Rhumbs. 

Compass,  Sine,  more  usually  called  a  Sine  Galvanometer.  Is  an  instrument  for 
determining  the  strength  of  an  electric  current.     (See  Sine  Galvanometer.) 

Compass,  Tangent,  more  generally  called  a  Tangent  Galvanometer.  An  instru- 
ment used  for  determining  the  strength  of  an  electric  current.  We  have  described 
it  under  Galvanometer. 

Compass,  Variation  Of.  The  term  "variation  of  the  compass"  is  frequently 
used  as  synonymous  with  deviation  of  the  compassf  or  declination  of  the  compass. 
(See  Declination.) 

Compass,  Variations  of.  The  magnetic  elements,  viz.,  the  angles  of  declination 
and  inclination  and  the  intensity,  do  not  always  remain  the  same,  but  are  subject  to 
changes  or  variations  both  periodical  and  also  irregular.  Of  the  former  kind  there 
are  secular  variationst  or  those  which  take  very  long  periods  of  time  as  centuries, 
for  their  completion,  and  there  are  also  annual  and  diurnal  variations.  These 
variations  as  well  as  the  irregular  ones,  it  is  the  object  of  magnetic  observatories  to 
determine  and  to  record.  The  methods  of  doing  so  and  the  instruments  used,  will 
be  found  described  under  the  proper  heads.  (See  Observatory,  Magnetic;  Decli- 
nometer;  Dipping  Needle.)  It  is  the  nature  of  the  variations  we  are  concerned 
with  here. 

The  nature  of  the  secular  variations  of  magnetic  declination  will  be  best  under- 
stood from  examining  the  following  table,  which  gives  the  values  of  the  angles  at 
London  for  a  number  of  years. 

In  1576  the  angle  of  declination  was  in  England,  11°  15' East. 

1622  "  "  6° 

1660  "  "  0° 

1730  '  "  lowest. 

1760  "  "  190  30'W. 

1818  "  "  240  41'  W.  maximum. 

1850  "  "  22°  29' 

1870  "  "  190  55' 

Thus  it  appears  that  in  1576,  the  first  year  of  which  we  have  any  record,  the 
needle  pointed  11°  15'  to  the  east  of  true  north.  This  angle  gradually  decreased  till 
the  year  1660,  when  the  line  of  the  needle  was  the  same  as  the  geographical  north 
and  south  line.  The  declination  then  gradually  took  a  westerly  value,  increasing 
till  the  year  1818,  when  the  needle  pointed  24°  41'  to  the  west  of  the  geographical 
north.  This  was  its  maximum,  and  from  that  time  till  the  present  the  angle  has 
been  diminishing.  At  present,  1870,  the  magnetic  needle  points  19°  55'  west  of  true 
north.  On  examining  the  table  it  is  easily  seen  that  the  rate  of  change  per  annum 
is  not  always  the  same.  In  approaching  the  geographical  meridian,  it  appears  to 
be  accelerated,  and  in  approaching  its  maximum  value  to  be  retarded.  The  present 
rate  of  decrease  is  about  8'  per  annum.  Similar  variations  of  the  needle  are  ob- 
served at  other  places  on  the  earth's  surface,  but  the  amounts  and  the  directions  of 
these  variations  are  not  the  same  for  different  places.  Thus  at  Paris  the  time  of 
maximum  westerly  declination  was  the  year  1814,  and  in  that  year  the  amount  of  it 
was  22°  34'. 

In  1780  Cassini  discovered  that  the  angle  of  declination  is  subject  to  a  certain 
annual  variation.  According  to  him  the  westerly  declination  is  greatest  at  the 
vernal  equinox.  From  that  time  till  the  summer  solstice  it  is  gradually  diminish  in:.', 
and  from  the  summer  solstice  to  the  vernal  equinox  it  a<rain  slowly  increases.  The 
amount  of  this  annual  variation  is  small.     It  differs  at  different  periods ;  its  avera^o 

li'ge  at  Kew  is  about  59". 

Lastly,  the  declination  is.  as  has  been  mentioned,  subject  to  diurnal  variations, 
discovered  by  Graham  in  1722.  At  about  8  in  the  morning  the  north  end  of  the 
ueedle  is  pointing  about  4'  to  the  cast  of  its  mean  position.  From  that  time  to  1 
P.M.  it  turns  more  and  more  towards  the  west,  and  at  that  hour  stands  about  6' 
to  the  west  of  the  mean.  It  then  turns  backwards  to  the  east,  and  after  a  very 
slight  westerly  excursion,  between  12  midnight  and  3  A.M.,  it  regains  its  first  position 
at  8  A.M.,  when  it  recommences  the  same  series  of  changes.  We  have  described  here 
an  average  course  for  Kew.    The  amount  varies  at  different  parts  of  the  year,  and 
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very  much  at  different  places.  The  nature  of  the  change  is,  however,  similar  for 
places  haying  northern  magnetic  latitude,  and  the  same  description  holds  for  the 
southern  magnetic  hemisphere,  if  the  names  of  the  poles  be  interchanged,  and  the 
directions  of  the  variations  altered. 

The  magnetic  inclination  is  also  subject  to  periodic  changes.  Since  the  year  1720 
it  has  been  gradually  decreasing.  In  that  year  it  was  74°  42' ;  in  1800, 70°  35' ;  in 
1850,  68°  48' ;  and  in  the  present  year,  1870,  67°  55'.  It  is  evident  from  these  num- 
bers, which  are  all  in  the  decreasing  direction,  that  as  yet  we  know  nothing  of  a 
complete  cycle  of  change.  There  are  also  small  annual  and  diurnal  variations.  Ac- 
cording to  Hanstein  it  is  about  15'  greater  in  summer  than  in  winter ;  and  the  same 
observer  states  that  it  is  about  4'  greater  in  the  morning  than  in  the  afternoon. 

So  far  but  little  is  known  of  the  variations  of  magnetic  intensity.  In  1865  the 
total  intensity  was,  in  British  magnetic  units,  10.28 ;  in  1870, 10.24.  The  horizontal 
force  (1870)  is  3.83,  and  the  vertical  9.49.     (See  Intensity,  Magnetic.) 

We  have  mentioned  above  that,  besides  the  periodical  variations,  there  are  others 
which  are  not  periodical,  and  which  have  hitherto  been  to  us  occurrences  without 
regular  law.  To  these  have  been  given  the  name  magnetic  storms,  and  an  account 
of  them  will  be  found  under  that  head. 

Compensation  Pendulum.  In  order  that  the  oscillations  of  a  pendulum  may 
be  isochronous,  the  distance  between  the  centre  of  suspension  and  the  centre  of  oscil- 
lation must  be  invariable.  (See  Pendulum.)  If  the  pendulum  consists  of  a  simple 
wire,  this  length  will  vary  with  the  temperature,  and  therefore  the  time  of  oscillation 
will  vary ;  hence  the  length  of  the  simple  equivalent  pendulum  should  be  indepen- 
dent of  temperature.  Compensation  pendulums  are  so  constructed  that  the  lowering 
of  the  centre  of  oscillation,  by  the  extension  of  one  part  of  the  pendulum,  is  com- 
pensated for  by  the  extension  of  other  parts  in  the  opposite  direction.  There  are 
three  common  forms  of  compensation  pendulum.  The  nrst  is  the  gridiron  pendu- 
lum. It  consists  of  a  steel  rod,  oscillating  about  a  point  of  suspension,  and  bearing 
a  rectangle  of  steel ;  the  lower  bar  of  this  rectangle  supports  two  rods  of  brass 
passing  vertically  upwards,  which  with  a  horizontal  bar  of  brass  form  a  second  rect- 
angle within  the  first.  To  the  horizontal  brass  rod  Ls  attached  a  third  rectangle  of 
steel ;  and  within  this  again,  and  attached  to  the  base,  is  a  fourth  rectangle  of  brass, 
the  horizontal  bar  of  which  bears  the  central  red  and  bob  of  the  pendulum.  Now 
the  steel  rods  elongate  downwards  with  a  rise  of  temperature,  and  the  brass  rods 
upwards,  consequently  they  may  be  so  arranged  that  in  spite  of  variation  of  tempera- 
ture the  centre  of  oscillation  snail  remain  at  the  same  distance  below  the  centre  of 
suspension.  In  order  that  this  result  may  be  attained  the  sum  of  the  lengths  of  the 
vertical  steel  rods  must  be  to  the  sum  of  the  lengths  of  the  vertical  brass  rods  in  the 
inverse  ratio  of  the  coefficients  of  expansion  of  steel  and  brass.  Now  the  coefficients 
of  expansion  of  steel  and  brass  are  to  one  another  as  5  to  9  nearly,  therefore  the 
sum  of  the  lengths  of  the  steel  bars  must  be  to  the  sum  of  the  lengths  of  the  brass  as 
9  to  5. 

The  second  kind  is  Martin's  compensation  pendulum.  It  consists  of  an  ordinary 
pendulum,  with  a  metallic  bar  placed  horizontally  across  the  pendulum  rod,  and  bear- 
ing at  its  extremities  two  heavy  balls.  The  horizontal  bar  is  composed  of  two  bare 
of  different  metals  soldered  together,  the  upper  one  expanding  less  than  the  lower 
for  a  given  rise  of  temperature.  Hence  when  the  bar  is  warmed  it  bends  into  a 
curve,  so  that  although  the  pendulum  bob  is  lowered  in  consequence  of  the  expansion 
of  the  central  rod,  the  balls  at  the  end  of  the  horizontal  bar  are  raised ;  hence  if  the 
material  length  and  weight  of  the  bar  and  balls  be  properly  chosen,  the  centre  of 
gravity  of  the  whole  pendulum,  and,  therefore,  the  centre  of  oscillation  remains  un- 
changed. 

A  third  kind  of  compensation  pendulum  is  Graham's  mercurial  pendulum.  The 
rod  of  the  pendulum  is  steel,  and  the  bob  a  hollow  glass  cylinder  containing  mercury. 
When  the  temperature  rises  the  steel  rod  elongates,  but  the  mercury  rises ;  and  since 
the  expansion  of  the  mercury  is  greater  than  that  of  the  steel,  the  one  may  compen- 
sate for  the  other,  so  that  the  position  of  the  centre  of  oscillation  remains  the  same. 

Complementary  Colon.     (Complementum  ;  com,  together;  aud  pleo,  to  fill.) 
Complementary  colors  are  those  which  are  in  the  greatest  degree  opposed  to  one 
another,  and  which,  therefore,  when  mixed  together,  produce  white  light  or  neu- 
trality.   The  following  are  the  principal  colors  and  their  complementaries : — 
Red    •    .    Green.  Orange    .    .    Blue.  Yellow    .    .    Violet. 
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Composition  of  Colon.    See  Colors,  Composition  of. 

Composition  of  Forces.  The  transformation  of  one  system  of  forces  to  another 
system  which  will  produce  the  same  mechanical  effect.  The  principles  of  the  com- 
position of  forces  depend  on  geometrical  theorems,  by  means  of  the  fact  that  the 
three  elements  which  define  a  force,  may  be  represented  by  a  straight  line ;  for  ex- 
ample, the  extremity  of  the  line  may  represent  the  position  of  the  point  of  applica- 
tion of  the  force,  the  direction  of  the  line  the  direction  of  the  force ;  and  by  selecting 
a  unit  of  length  to  represent  a  unit  of  force,  the  length  of  the  line  will  represent  the 
magnitude  or  intensity  of  the  force.  The  single  force,  which  will  have  the  same 
effect  as  several  others,  is  termed  their  Resultant.  To  apply  the  theorems  of  geom- 
etry to  the  composition  of  forces,  the  following  principles  are  required. 

1.  The  Principle  of  the  Transmissibility  of  Force.  A  force  maybe  applied  at 
any  point  in  the  line  of  its  direction,  provided  this  point  be  connected  with  the  first 
point  of  application  by  a  rigid  and  inextensiblc  straight  line. 

2.  The  resultant  of  a  number  of  forces  acting  on  the  same  straight  line  also  acts 
along  this  line,  and  its  magnitude  is  found  by  taking  the  sum  of  the  components, 
acting  in  one  direction,  from  the  sum  of  those  which  act  in  the  other  direction,  the 
direction  of  the  resultant  being  that  of  the  greater  sum. 

3.  When  two  equal  forces  act  on  the  same  point,  the  resultant  bisects  the  angle 
between  them. 

4.  From  these  is  deduced  the  parallelogram  of  forces.  When  two  forces,  acting 
on  a  point,  are  represented  by  two  adjacent  sides  of  a  parallelogram,  their  resultant 
is  represented  by  the  diagonal  of  the  parallelogram  passing  through  the  point  of 
application. 

5.  The  resultant  of  two  parallel  forces  is  parallel  to  each  of  the  components,  and 
is  equal  to  the  sum  of  the  two  components  when  they  are  alike  in  direction,  and  to 
their  difference  when  thev  arc  unlike.  In  the  former  case  the  resultant  lies  between 
the  components,  and  in  the  latter  beyond  the  greater,  and  in  the  same  direction  as 
the  greater.  The  position  of  the  resultant  is  given  by  the  fact,  that  when  each  of 
the  components  is  multiplied  by  its  distance  from  the  resultant,  the  two  products  are 
equal ;  in  other  words,  the  distances  of  the  forces  from  the  resultant  are  inversely 
proportional  to  the  forces.  When,  however,  the  parallel  forces  are  equal  in  inten- 
sity and  opposite  in  direction,  they  have  no  single  resultant,  and  can  only  be  coun- 
teracted by  a  similar  pair  of  eaual  forces.  Two  equal  and  opposite  forces  are  termed 
a  couple.  (See  Couples.)  When  a  number  of  forces  act  at  different  points  in  a 
body,  they  can  always  be  reduced  either  to  a  single  resultant,  or  to  a  single  resultant 
and  a  couple.  In  order  that  a  body  may  be  in  equilibrium  under  the  action  of  a 
svstem  of  pressures,  both  resultant  and  resultant  couple  must  be  zero,  that  is  to  say, 
the  forces  must  neither  give  to  the  body  a  motion  of  translation,  nor  a  motion  of 
rotation. 

Compound  Machines.  Any  combination  of  simple  machines  is  termed  a  com- 
pound machine.  The  mechanical  advantage  of  a  compound  machine  is  the  product 
of  the  mechanical  advantages  of  the  separate  simple  machines.  By  the  combination 
of  several  levers  so  that  the  weight  of  one  is  applied  as  the  power  of  the  next,  and 
so  on,  we  avoid  the  necessity  of  largely  increasing  the  length  of  the  power-arm,  in 
order  to  obtain  sufficient  advantage  by  the  use  of  one  lever  only,  and  we  distribute 
the  pressure  on  the  fulcrum  over  several  points.  For  application  of  these  principles 
see  Weighing-Machines;  Crane;  Crab;  Capstan.  Of  course  the  increase  of 
power  gained  by  the  use  of  compound  machines  is  attended  by  a  corresponding  dimi- 
nution in  the  velocity  with  which  the  weight  is  moved. 

Compound  Microscope.  A  compound  microscope  consists  essentially  of  an 
object-glass  and  an  eye-piece,  connected  by  a  tube  eight  or  ten  inches  long,  firmly 
supported  on  a  heavy  foot,  and  fitted  with  rackwork  or  sliding  adjustment  to  enable 
the  tube  to  be  raised  or  lowered  along  its  axis.  Below  the  eye-piece,  and  firmly 
attached  to  the  stand,  is  a  stage  for  supporting  the  object  under  examination.  (Figs. 
24  and  25. )  In  the  best  instruments  this  stage  is  fitted  with  rotating  arrangements 
and  screw  adjustments  in  all  directions,  so  as  to  enable  any  portion  of  the  object  to 
be  examined  without  removing  the  eye  from  the  eve-piece.  Underneath  the  stage 
is  fitted  illuminating  apparatus,  by  which  a  beam  of  lamp  or  daylight  reflected  from 
a  mirror  may  be  converged  on  to  the  object.  (See  Illuminating  Lens;  Concave  Mir- 
ror.)  The  object-glass  consists  of  a  combination  of  plano-convex  achromatic  lenses, 
so  arranged  as  to  be  free  from  spherical  aberration.    The  equivalent  focus  of  these 
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may  vmrj  than  three  and  four  inches  down  to  the  fiftieth  of  an  inch,  the  j  and  J  inch 
being  the  moat  generally  useful.    The  object-glass  is  brought  down  to  the  object 


until  they  are  at  rach  a  distance  apart  that  an  enlarged  image  of  the  object  is  formed 
in  air  at  about  8  or  10  inches  above  it.  This  enlarged  image  is  then  received 
upon  the  eye-piece,  where  it  is  again  magnified.  (See  Microicope;  Object-glats  ; 
Kye^iece;  Ponlive  Eye-piece;  Negative  Eye-piece.) 

Compound  Prinn.  In  order  to  obtain  a  prism  of  a  larger  size  than  can  be  con- 
veniently made  from  one  piece  of  glass,  several  prisms  may  be  cemented  together, 
nne  over  the  other,  base  to  apex,  on  the  principle  of  the  polygonal  late  or  FresneTt 
lent,  which  see. 

Compressibility.  The  quality  of  bodies  in  virtue  of  which  they  can  be  made  to 
occupy  a  smaller  space.  All  bodies  are  more  or  less  porous,  bo  that  the  molecules 
of  which  they  are  composed  are  not  absolutely  in  contact.  (See  Poronty.)  Hence 
all  bodies  are  compressible ;  gases  are  the  most  compressible,  and  obey  the  law  of 
Boyle  that  the  volume  varies  inversely  as  the  pressure.  When,  however,  great  pres- 
sure and  cold  are  applied,  most  of  the  gases  become  liquids.  Oxygen,  nydrogen, 
and  nitrogen  have  not  yet  been  liquefied. 

Compreasibility  of  Liquids.  For  a  long  time  it  was  supposed1  that  liquids  were 
absolutely  incompressible.  The  experiment  known  as  the  Florentine  Experiment 
was  held  to  point  to  this  conclusion.  A  hollow  metallic  globe  said  to  be  of  gold, 
and  also  of  lead,  was  filled  with  water  and  perfectly  soldered.    This  was  submitted 
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to  great  pressure.  Since  of  all  solids,  for  the  same  surface  a  sphere  has  the  greatest 
contents,  it  follows  that  if  none  of  the  water  escape,  any  flattening  of  the  globe  must 
be  attended  either  by  a  diminution  of  the  volume  of  contained  water,  snowing  its 
compression,  or  by  a  stretching  of  the  metal.  It  was  found  that  the  water  was 
forced  through  the  metal,  appearing  as  dew  on  the  outside.  (Compare  Hydraulic 
Press,)  This  was  viewed  as  a  proof  that  the  water  was  incompressible.  That  water, 
mercury,  and  several  other  liquids  are  compressible,  and  their  compression  measur- 
able, was  shown  by  (Ersted.  A  greater  number  of  liquids  were  examined  by  Calla- 
don  and  Sturm,  with  somewhat  different  results.  The  instrument  employed,  called 
a  Piezometer,  consists  of  a  glass  globe,  on  to  the  neck  of  which  is  fused  a  long  capil- 
lary tube.  The  capacity  of  the  globe  is  ascertained,  as  also  that  of  the  capillary 
tube  ;  so  that  the  ratio  between  the  entire  capacity  of  globe  and  tube  and  any  por- 
tion of  the  tube  may  be  known.  The  capillary  tube  bears  a  scale.  The  globe  and 
tube  are  completely  filled  with  the  liquid  under  examination,  and  inverted  into  a  little 
trough  of  mercury.  On  gently  warming  it  a  little  of  the  liquid  is  expelled,  so  that 
when  the  original  temperature  is  restored,  the  mercury  rises  in  the  tube  to  a  con- 
venient height.  Side  by  side  with  this  globe  is  placed  in  the  mercury  a  cylindrical 
tube  closed  at  the  top,  open  at  the  bottom,  and  graduated  into  divisions  showing 
equal  units  of  volume.  This  latter  tube  serves  as  a  manometer  (see  Manometer), 
since  the  diminution  of  the  air  in  it  when  under  pressure  is  a  measure  of  the  pressure. 
(See  Elasticity  of  Oases.)  The  two  neighboring  vessels  are,  together  with  the 
mercury  trough,  inclosed  in  a  very  strong  glass  cylinder,  permanently  closed  at  the 
bottom,  and  capable  of  being  closed  at  the  top  by  a  screw  head  into  which  is  fastened 
the  delivery  tube  of  a  force-pump.  The  glass  cylinder  is  completely  filled  with  water, 
its  head  screwed  on,  and  the  delivery  tube  of  the  force-pump,  which  is  fed  with  water, 
is  inserted.  On  working  the  pump  the  pressure  is  transmitted  through  the  water 
to  the  mercury,  and  forces  the  latter  up  the  capillary  tube,  and  also  up  the  mano- 
meter tube.  The  first  of  these  effects  must  be  due  to  the  compression  of  the  liquid 
in  the  glass  globe.  The  second  is,  of  course,  due  to  the  compression  of  the  air. 
Since  (see  Elasticity  of  Oases)  the  volume  of  a  gas  varies  inversely  as  the  pressure 
to  which  it  is  subjected,  it  is  easy,  by  reading  the  neigh t  of  the  mercury  in  the  mano- 
meter tube,  to  find  the  pressure  to  which  the  interior  of  the  apparatus  is  subjected. 
By  reading  the  height  or  the  mercury  in  the  capillary  tube  and  knowing  the  capacity 
of  this  tube  in  comparison  with  that  of  the  globe,  the  amount  of  compression  on  a 
given  volume  is  determined,  which  corresponds  to  and  is  effected  by  the  given  pres- 
sure. Although  in  this  piezometer  the  pressure  on  the  outside  is  the  same  as  that 
on  the  inside,  yet  Begnault  has  shown  that  this  circumstance  is  not  sufficient  to 
insure  that  the  piezometer  shall  remain  of  constant  capacity.  In  Regnault's  form 
of  the  apparatus,  the  piezometer  bulb  and  the  interior  of  the  compression  cylinder 
could  each,  by  means  01  four  cocks,  be  separately  or  together  put  in  communication, 
either  with  the  external  air  or  with  a  vessel  of  compressed  air.  By  this  means,  on 
the  one  hand,  the  compression  of  the  piezometer  tube  when  subjected  to  pressure 
could  be  measured.  On  the  other,  the  total  apparent  shrinking  of  the  liquid,  due 
partly  to  its  actual  compression  and  partly  to  the  expansion  of  the  piezometer  tube, 
when  the  pressure  was  exclusively  applied  to  the  latter,  could  be  measured.  Hence 
the  true  compressibility  of  the  liquid  could  be  deduced.  A  few  of  the  results  ob- 
tained by  Grassi,  who  employed  Begnault's  method,  are  appended.  The  pressure 
employed  is  one  atmosphere. 
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Compression.  ( Con,  together,  and  premo,  to  press.)  In  astronomy  the  com- 
pression of  a  planet  is  the  amount  by  which  the  polar  axis  falls  short  of  the  equa- 
torial. It  is  commonly  expressed  by  the  ratio  which  the  difference  of  the  two 
diameters  bears  to  the  greater.  Thus  if  the  compression  of  a  planet  be  spoken  of  as 
one-tenth,  what  is  meant  is  that  the  excess  of  the  equatorial  diameter  over  the  polar 
is  one-tenth  of  the  former  diameter. 
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Compression  and  Dilatation  of  Solids,  Influence  of,  on  Light.    When  a  piece 

of  well  annealed  glass  is  examined  in  the  polariscope,  no  effect  of  double  refraction 
m  seen,  but  by  slightly  bending  it  between  the  fingers,  or  compressing  or  dilating  it 
in  any  other  way,  colored  fringes  are  produced,  showiug  that  compression  or  dilatation 
communicates  a  doubly  refracting  structure  to  it.  Similar  effects  are  produced  with 
jelly.     (See  Circular  Polarization;   Chromatic  Dynamometer.) 

Compression,  Electricity  Of.  It  was  observed  by  Hauy  that  when  a  piece  of 
calcareous  spar  is  pressed  between  the  fingers  it  becomes  positively  electrified,  and 
will  keep  its  electrification  for  days  together.  Many  other  minerals,  such  as  fluor 
•par,  topaz,  mica,  have  a  similar  property,  becoming  either  positively  or  negatively 
electrified  when  pressed.  The  electricity  developed  in  this  way  is  frequently  spoken 
as  electricity  of  compression.  This  excitation  by  pressure  does  not  appear  to  be  a 
property  belonging  only  to  crystalline  or  mineral  bodies.  Many  other  substances, 
when  pressed  together  in  pairs  and  then  separated,  exhibit  electric  exciteraent^one 
becoming  positive  and  the  other  negative.  Thus  if  a  disk  of  cork  and  one  of  caout- 
chouc, hela  on  insulating  handles,  be  pressed  together  and  then  separated,  the  cork 
is  found  positively,  and  the  other  negatively,  electrified.  It  is  difficult,  however,  to 
separate  the  effects  due  to  compression  from  those  due  to  friction.  In  the  case  of 
compression  as  in  that  of  friction  much  depends  upon  the  nature  of  the  surfaces, 
whether  rough  or  smooth,  polished  or  unpolished,  aud  the  unequal  distribution  of 
heat  between  the  two  substances  brought  into  contact  likewise  affects  the  result. 

Concave  Lens,  Donble.    ( Concavus,  hollow.)     A  lens  bounded  by  two  concave 
spherical  surfaces,  which  causes  par- 
allel rays  of  light  to  diverge.     (Fig.                                   Fig.  26. 
26.)     If  the  radii  of  its  curvatures 
ere  alike,  it  is  said  to  be  equally  con-       -^^^^ 
cave,  but,  if  otherwise,  unequally  ^ 

concave.  '  'B^^'"-^!"" " 

Concave  Mirror.    A  reflecting  fl •— '-^l~f::;;;^~ — 

surface  of  a  concave  form.     It  con-  g[ -— — i^^^^t" 

Tergcs  incident  parallel  rays  to  a ~     ■Ll ■'■Z'.^7'^ 

point  in  front  of  it  called  the  prin-        _ — "^  Hi ^ 

cipal  focus.    The  distance  of  the         ^-^ ™*  ~~ 

focus  from  the  mirror  is  one-half  the 
radius  of  cavity.     Divergent  rays, 

falling  on  a  concave  mirror  from  a  somewhat  distant  point,  will  be  converged  to  a 
focus  beyond  the  principal  focus.  The  radiant  point  and  this  new  focus  are  called 
conjugate  foci,  because  if  one  is  the  radiant  point,  the  other  will  be  the  focal  point. 
Converging  rays,  falling  on  a  concave  mirror,  come  to  a  point  within  the  principal 
focus.  A  concave  mirror  will  form  at  its  focus  a  small  and  highly  luminous  image 
of  any  object  in  front  of  it,  and  when  of  large  size  and  considerable  concavity  it  will 
concentrate  the  sun's  rays,  and  become  a  very  powerful  burning  mirror.  A  con- 
cave mirror,  worked  to  a  parabolic  curve,  is  free  from  spherical  aberration.  (See 
Parabolic  Mirror.) 

Concavo-convex  Lens.  A  lens  having  one  concave  and  one  convex  surface,  but 
differing  from  a  meniscus  lens  in  that  the  concavity  exceeds  the  convexity.  It  acts 
as  a  concave  lens,  and  causes  parallel  rays  of  light  to  diverge. 

Concavo-convex  Prism.     See  Prismatic  £ens. 

Condenser.  A  condenser  is  an  instrument  for  collecting  electricity.  Its  prin- 
ciple is  founded  upon  induction,  and  it  consists  essentially  of  two  conductors  insu- 
lated from  each  other,  and  placed  in  such  a  position  that  induction  may  favorably 
take  place  between  them.  There  are  various  forms,  but  all  of  them  are  modifica- 
tions of  what  is  known,  from  the  name  of  its  inventor,  as  ^pinus's  Condenser. 

jEpinus's  Condenser  consists  of  two  circular  brass  plates  placed  opposite  to  each 
other,  and  supported,  with  their  planes  vertical,  on  glass  pillars.  Ihe  feet  of  the 
pillars  are  fixed  to  pieces  of  wood  sliding  in  a  frame  common  to  them,  and  the  dis- 
tance between  the  plates  can  thus  be  altered  at  pleasure.  Generally  a  third  ver- 
tical pillar  supports  a  plate  of  glass,  or  other  insulating  matter,  between  the  two 
brass  plates.  Let  us  call  one  of  the  brass  plates  A.  and  the  other  B ;  and  suppose 
A  be  connected  with  the  prime  conductor  of  an  electric  machine,  B  with  the  earth. 
Now  let  a  charge  of  positive  electricity  be  communicated  to  A.  Inductive  action 
takes  place  between  the  plates,  and  negative  electricity  is  induced  and  made  latent, 
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bound,  or  dissimulated,  as  it  is  called,  upon  B.  This  in  its  tarn  makes  latent  a 
certain  proportion  of  the  electricity  upon  A.  It  is  evident,  therefore,  that  on  ac- 
count of  this  inductive  action  a  much  larger  quantity  of  electricity  can  be  pat  upon 
the  plate  A  when  B  is  present  than  when  it  is  not.  The  extent  to  which  the  "  dis- 
simulation" by  the  means  of  induction  takes  place  depends  upon  the  nearness  of  the 
folates,  and  upon  the  specific  inductive  capacity  of  the  material  between  them. 
See  Induction;  Capacity  t  Specific  Inductive.)  If  now  B  be  removed  from  the 
vicinity  of  A,  the  electricity  on  A  which  was  formerly  held  bound  on  the  side  nearest 
to  B  spreads  over  the  plate,  and  can  make  its  action  manifest  towards  external  ob- 
jects. The  condenser  can  therefore  be  made  use  of  for  the  purpose  of  discovering 
electricity  in  sources,  which,  though  weak,  are  capable  of  continuous  action. 

Volta's  Condensing  Electroscope  consists  of  an  ordinary  gold  leaf  electroscope, 
to  the  top  of  which  is  attached  a  horizontal  plate  of  brass  (A)  of  considerable  size. 
This  is  usually  covered  with  shell-lac  which  forms  the  insulating  dielectric.  On  the 
top^f  this  the  plate  B  is  placed,  and  to  it  is  attached  an  insulating  handle.  If  a 
weak  source  of  electricity,  such  as  a  dry  pile,  be  put  in  connection  with  A,  while 
the  plate  B  is  touched  with  the  finger,  the  inductive  action  which  we  have  just  de- 
scribed takes  place.  If  the  finger  is  now  removed,  and  then  the  dry  pile,  and  if  the 
plate  B  is  carried  away  by  its  insulating  handle,  the  bound  electricity  on  A  makes 
itself  manifest  by  the  repulsion  of  the  gold  leaves.  The  plate  B  is  or  coarse  found 
to  be  electrified  with  the  kind  of  electricity  opposite  to  that  of  A. 

Conduction,  Electric,  is  the  transference  of  electric  force  through  the  medium 
of  a  conducting  body.     (See  Conductor;  Electricity;  Electrostatics.) 

Conduction  of  Heat.  (Con,  together;  duco,  to  lead.)  When  a  bar  of  metal  is 
heated  at  one  end,  it  receives  the  motion  which  constitutes  heat  by  direct  contact, 
and  transmits  it  from  molecule  to  molecule  along  its  length,  until,  at  a  certain  dis- 
tance from  the  source,  the  heat  lost  by  radiation  and  convection  is  equal  to  that 
received,  when  the  temperature  of  the  rest  of  the  bar  ceases  to  rise.  This  propa- 
gation of  heat  through  bodies  is  called  conduction,  and  it  varies  with  the  nature 
of  the  substance. 

1.  Conduction  of  Heat  by  Solids.  If  a  bar  of  copper  and  another  of  glass,  of 
the  same  length  and  thickness,  are  placed  in  the  fire,  we  find  that  the  copper  be- 
comes hot  much  sooner  than  the  glass ;  in  fact,  we  may  easily  hold  a  rod  of  glass  in 
the  hand  at  a  few  inches  from  a  red  hot  portion  of  it.  Again,  if  a  silver  spoon,  and 
another  of  German  silver  or  pewter  are  placed  in  the  same  vessel  of  hot  water,  the 
silver  spoon  becomes  excessively  hot,  while  the  pewter  spoon  is  no  more  than  warm. 
This  is  due  to  the  fact  that  silver  conducts  heat  far  better  than  pewter ;  and  all  sub- 
stances thus  considered  have  been  divided  into  good  and  bad  conductors  of  heat ; 
the  term  non-conductor  of  heat  cannot  be  said  to  exist,  because  all  substances,  as 
far  as  we  know,  conduct  heat  to  a  certain  extent.  The  variation  in  the  conducting 
power  of  different  substances  was  shown  by  Ingenhouz,  by  placing  a  number  of  bars 
of  different  substances,  with  one  end  in  contact  with  hot  water  or  hot  oil,  and  noting 
the  extent  to  which  wax  was  melted  from  their  surfaces ;  or  a  compound  bar,  one-half 
of  which  is  of  iron,  and  the  other  of  copper,  may  be  heated  at  the  juncture,  while  small 
pieces  of  phosphorus  are  placed  on  each  of  the  remote  ends ;  it  will  now  be  found 
that  the  pnosphorus  will  take  fire  at  the  end  of  the  copper  bar  sooner  than  on  the 
iron  bar  at  tlie  same  distance  from  the  source  of  heat.  The  following  table  shows 
the  relative  conductivity  of  some  of  the  metals  for  heat  according  to  the  determina- 
tions of  Wiedemann  and  Franz,  the  conductive  power  (or;  as  it  is  sometimes  called, 
thermal  conductivity)  of  silver  being  taken  as  100. 


Kama  of  Substance. 

Conductivity. 

100.0 
73.6 
63.2 
23.6 
14.6 

i 

Name  of  Substance. 

Conductivity. 

Silver 

Copper 

Gold  .... 

BraM 

Tin    .... 

Iron 

Lead 

Platinnm 

German  Silver 

Bismuth 

11.9 
8.6 
8.4 
6.0 
1.8 

The  conduction  of  heat  varies  with  the  temperature,  and  Forbes  has  found  that 
the  conductivity  decreases  as  the  temperature  of  the  substance  increases ;  thus  if 
the  conductivity  of  a  bar  of  iron  at  0°  C.  be  represented  by  .01337 ;  at  100°  C.  it  is 
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.01012 ;  at  200O  C.  it  is  .00876,  and  at  275°  C.  it  is  .00801.  The  conduction  of  heat 
is  influenced  by  the  specific  heat  of  a  substance,  and  Tyndall  has  given  the  following 
experiment  in  exemplification  of  this  :  If  we  take  two  small  cylinders,  one  of  iron 
and  the  other  of  bismuth,  of  precisely  the  same  dimensions,  and  place  them  on  a 
hot  surface,  we  notice  that  wax  placed  upon  the  upper  extremity  of  the  bismuth 
cylinder,  melts  sooner  than  wax  placed  upon  the  iron  cylinder.  Yet,  by  the  above 
table,  it  is  seen  that  iron  conducts  heat  far  better  than  bismuth ;  hence  we  should 
expect  the  wax  on  the  iron  cylinder  to  be  melted  before  that  on  the  bismuth  cylin- 
der. But  while  the  conducting  power  of  iron  is  11.9,  and  that  of  bismuth  1.8,  the 
specific  heat  of  the  former  is  0.1138,  and  that  of  the  latter  0.0308.  (See  Specific 
Heat,)  Thus  iron  requires  nearly  four  times  as  much  heat  to  raise  its  temperature 
through  a  certain  number  of  degrees,  as  bismuth.  Therefore,  although  the  iron  is 
receiving,  in  a  given  time,  more  heat  than  the  bismuth,  a  less  amount  of  this  becomes 
sensible  neat ;  that  is,  the  temperature  is  less  quickly  raised,  consequently  the  tem- 
perature at  which  wax  melts  is  sooner  attained  by  the  bismuth  than  by  the  iron. 

When  we  touch  a  good  conductor  of  heat  it  feels  cold,  because  it  rapidly  receives 
heat  from  the  hand.  If  we  successively  touch  silver,  lead,  marble,  wood,  and  wool, 
at  the  same  temperature,  the  silver  will  appear  colder  than  the  lead,  the  lead  than 
the  marble,  the  marble  than  the  wood,  and  the  wood  than  the  wool,  because  the  con- 
ductivity of  these  bodies  varies,  and  they  consequently  receive  heat  from  the  hand 
with  varying  degrees  of  readiness.  Our  clothing  is  composed  of  substances  which 
conduct  heat  badly,  and  therefore  prevents  the  rapid  radiation  of  heat  from  the 
body.  It  may  appear  anomalous  that  we  wrap  ice  in  a  blanket  to  keep  it  from 
melting,  while  we  use  the  same  article  for  promoting  warmth ;  but  it  must  be  borne 
in  mind,  that,  in  the  one  instance,  the  badly  conducting  wool  prevents  the  passage 
of  heat  from  our  bodies,  while  in  the  other,  it  prevents  the  passage  of  heat  to  the 
ice.  The  fur  of  animals,  the  plumage  of  birds,  and  the  bark  of  trees,  are  all  bad 
conductors  of  heat.  According  to  Count  Rum  ford,  the  fur  of  the  hare  is  the  worst 
conductor  of  heat  with  which  we  are  acquainted,  and  eider  down  is  nearly  as  bad, 
while  wool  and  silk  follow  close  behind.  Tyndall  found  that  the  bark,  as  compared 
with  the  wood  of  the  pine  tree,  conducts  heat  to  an  extent  corresponding  to  a  deflec- 
tion of  7°  of  the  galvanometer,  compared  with  12° ;  a  very  delicate  thermopile  being 
employed  in  the  experiments.  The  temperature  of  the  blood,  both  of  man  and  ani- 
mals, is  far  above  the  mean  temperature  of  the  air,  and  if  the  heat  generated  by 
the  oxidation  of  carbon  within  the  organism,  were  rapidly  dissipated,  death  would 
ensue,  because  vital  functions  could  not  be  carried  on  at  such  a  diminished  tempera- 
ture ;  hence,  in  arctic  regions,  men  unprqvided  with  the  necessary  clothing  die,  as 
also  docs  a  bird  stripped  of  its  plumage,  or  a  tree  of  its  bark. 

The  molecular  condition  of  a  substance  has  a  great  influence  on  its  conducting 
power.  Compact  and  dense  substances  conduct  heat,  as  a  rule,  better  than  light 
and  porous  substances.  This  is  well  exemplified  in  the  difference  in  conducting 
power  between  compact  wood  and  porous  bark.  The  same  substance  conducts  dif- 
ferently, if  it  be  in  the  solid  or  pulverulent  form,  thus  wood  conducts  better  than 
sawdust.  rock-cryBtal  better  than  sand.  Air  must  be  assumed  to  be  a  bad  conduc- 
tor, and  in  porous  substances  we  have  an  innumerable  number  of  air  spaces.  If  a 
thin  layer  of  asbestos  is  placed  on  the  palm  of  the  hand,  a  red-hot  ball  of  metal  may 
be  held  with  impunity,  for  the  asbestos,  in  virtue  of  its  structure,  is  an  extremely  bad 
conductor  of  heat  As  another  example  of  the  influence  of  molecular  structure 
upon  conductivity,  may  be  mentioned  the  fact,  observed  by  Svanberg  and  Mat- 
teucci,  that  bismuth  conducts  heat  better  in  the  direction  of  the  planes  of  cleavage, 
than  at  right  angles  to  them.  De  la  Rive  and  De  Candolle  found  that  wood  con- 
ducts better  parallel  to  its  fibre  than  across  it.  In  the  case  of  oak,  Tyndall  found, 
that  under  precisely  similar  conditions,  the  conduction  of  heat  (expressed  in  deflec- 
tions of  the  needle  of  the  galvanometer),  was  34°  parallel  to  the  fibre,  and  9.5° 
perpendicular  to  the  fibre,  and  parallel  to  the  ligneous  layers.  As  regards  crystals, 
M.  de  Senarmont  has  found  that  the  conduction  of  heat  takes  place  with  greater 
readiness  in  some  directions  than  in  others.     If  the  crystal  belonjrs  to  the  recrular 


tions. 
2.  Conduction  of  Beat  by  Liquids.    The  conductivity  of  liquids  is  very  slight 
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Water  may  be  boiled  over  a  piece  of  ice,  and,  when  heated  from  above,  it  is  found 
to  acquire  heat  very  gradually.  A  few  experiments  on  the  subject  were  made  by 
Rumford,  Thomson,  and  Murray,  and  more  recently  by  M.  Despretz.  {Annates  de 
Chimie  et  de  Physique,  1839,  p.  206.)  The  latter  physicist  employed  a  cylindrical 
vessel  of  wood,  39  inches  high,  into  the  side  of  which  he  placed  a  number  of  ther- 
mometers arranged  horizontally,  so  that  their  bulbs  were  inside,  and  the  greater  part 
of  their  stems  outside  the  cylinder.  The  latter  was  filled  with  water,  which  was 
heated  from  above  by  means  of  a  copper  vessel  in  contact  with  the  water  surface, 
iuto  which  hot  water  was  allowed  to  flow  at  intervals.  After  the  lapse  of  a  number 
of  hours  the  thermometers  became  stationary  at  different  heights,  from  a  comparison 
of  which  M.  Despretz  concluded  that  the  conduction  of  heat  by  water  follows  the 
same  law  as  conduction  by  solids ;  and  he  calculated  that  water  possesses  about  one 
hundredth  part  the  conductivity  of  copper.  Quite  recently  Professor  Guthrie  has 
investigated  the  subject  of  liquid  conductivity,  and  the  following  are  some  of  the 
results  obtained.  (On  the  Thermal  Resistance  of  Liquids,  "  Philosophical  Trans* 
actions,"  1869.)  lie  considers  that  liquids  possess  a  great  advantage  over  solids  in 
all  exact  experiments  on  the  conduction  of  heat,  on  account  of  their  greater  homo- 
geneity, "  because  no  two  specimens  of  the  same  solid  substance  are  physically  iden- 
tical," while  "  under  like  external  circumstances,  two  equal  volumes  of  the  same 
liquid  are  identical."  The  principal  object  of  the  investigation  was  to  determine 
"  the  conductive  indices  or  thermal  resistances  of  the  elements,  and  to  determine  the 
effect  on  such  resistance  caused  by  the  change  of  chemical  nature  and  of  molecular 
construction  of  bodies."  By  thermal  resistance,  is  meant  the  resistance  offered  by 
substances  to  the  passage  of  heat  through  them  by  conduction,  and  for  the  determi- 
nations, an  instrument  called  a  diathermometer  (which  see),  was  employed.  The 
following  are  some  of  the  conclusions  arrived  at :  "  The  solution  of  a  metallic  salt 
in  water  invariably  increases  the  thermal  resistance  of  the  water.  Those  elements 
which  dissolve  in  the  water  without  increasing  the  bulk  of  the  water,  can  only 
increase  its  thermal  resistance  by  increasing  its  capacity  for  heat,  which  must,  in 
such  cases,  be  the  sum  of  the  capacities  of  the  water  and  elements  separately.  The 
thermal  resistance  of  a  solid  salt  is  greater  than  that  of  water ;  consequently,  whereas, 
in  the  majority  of  instances,  water  is  displaced  by  the  salt,  the  increased  resistance 
is  due  to  the  partial  substitution  of  a  body  of  greater  resistance."  In  the  succeeding 
table,  numerical  results  are  given ;  the  specific  thermal  resistance  of  each  substance 
being  obtained  by  dividing  its  resistance  by  that  of  water,  which  possesses  the  least 
resistance  of  any  substance  on  the  list,  perhaps  the  least  of  all  transparent  liquids. 
The  thermal  resistance  in  millimetres,  shows  the  corrected  number  of  millimetres  to 
which  the  column  of  liquid  in  the  diathermometer  (a  kind  of  air  thermometer),  was 
depressed. 

"Water 
Glycerine     . 
Acetic  Acid  (glacial) 
Acetone 

Oxalate  of  Ethyl 
Sperm  Oil    . 
Alcohol 

Acetate  of  Ethyl 
Nitrobenzol 
Oxalate  of  Amyl 
Butylic  Alcohol  . 
Acetate  of  Amyl 
Amylamine  . 
Amy  lie  Alcohol  . 
Oil  of  Turpentine 
Nitrate  of  Butyl  . 
Chloroform  . 
Bichloride  of  Carbon 
Mercury  Amyl     . 
Bromide  of  Efthylen 
Iodide  of  Amyl    . 
Iodide  of  Ethyl    . 


•                     • 

4.13 

1.00 

•                      • 

15.85 

3.84 

•                     • 

34.63 

8.38 

•                     • 

35.14 

8.51 

•                     • 

36.56 

8.85 

•                     • 

36.56 

8.85 

•                    • 

37.53 

9.09 

•                  • 

37.53 

9.09 

•                     • 

34.81 

9.86 

•                    • 

41.29 

10.00 

•                     • 

41.29 

10.00 

•                     • 

41.29 

10.00 

•                     • 

41.88 

10.14 

•                     • 

42.26 

10.23 

•                     • 

48.53 

11.75 

•                     • 

49.01 

11.87 

•                   • 

49.98 

12.10 

•                    t 

53.35 

12.92 

t                   • 

53.35 

12.92 

t                     • 

5434 

13.16 

•                  • 

54.80 

13.27 

•                 • 

58.66  ( ?) 

14.20  ( ?) 
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An  experiment  with  mercury  gave  0.13  as  the  specific  thermal  resistance,  but  Pro- 
fessor Guthrie  gives  this  number  with  great  reserve,  on  account  of  various  experi- 
mental difficulties.  At  all  events  the  resistance  offered  by  mercury  to  the  conduction 
of  heat  is  far  less  than  that  of  water. 

3.  Conduction  of  Heat  by  Oases.  Experiments  on  this  subject  are  much  needed, 
and  are  beset  with  numerous  difficulties,  the  principal  being  the  fact  that  gases,  as 
also  liquids,  are  much  influenced,  when  heated,  by  an  action  termed  Convection 
(which  see).  Rumford  did  not  allow  that  Rases  possess  any  conductive  power  for 
heat,  while  the  late  Professor  Magnus  considered  the  conducting  power  of  hydrogen 
comparable  to  that  of  metal.  This  assertion,  which  has  been  much  disputed,  was 
founded  on  various  experiments,  the  principal  being  the  following,  which  illustrates 
the  great  readiness  witn  which  hydrogen  cools  heated  substances.  Professor  Magnus 
took  a  narrow  tube,  placed  a  platinum  wire  in  its  axis,  and  filled  the  tube  with 
hydrogen.  Now,  although  the  wire  was  readily  maintained  at  a  red  heat  (by  means 
of  an  electric  current),  when  the  tube  was  vacuous,  or  full  of  air,  he  found  that  the 
hydrogen  prevented  incandescence.  The  heat  appeared  to  be  so  rapidly  removed 
from  the  wire  that  it  could  not  rise  to  redness,  as  if  the  hydrogen  gas  conducted  heat 
from  wire.  He  also  heated  a  vessel  of  hydrogen,  containing  cotton  wool  (to  prevent 
the  formation  of  gaseous  currents)  from  above,  and  found  that  the  heat  passed  more 
rapidly  downwards  through  hydrogen  than  through  air.  Professor  Tyndall  traces 
the  results  to  convection,  and  considers  the  conductibility  of  gases  an  open  question. 
(See  also  Convection.) 

Conduction  of  Sound.     See  Propagation  of  Sound. 

Conductor,  Electric  If  a  charged  gold-leaf  electroscope  be  touched  with  a  wire 
or  metal  rod  in  connection  with  the  earth,  it  is  at  once  seen  to  be  discharged ;  but  if 
it  be  touched  with  a  rod  of  glass  or  a  stick  of  shell-lac  discharge  does  not  take  place. 
The  electricity  is  able  to  pass  away  to  the  earth  through  the  metal ;  whereas  the 
glass  or  shell-lac  has  not  the  power  to  effect  this  transference.  The  phenomenon 
which  we  have  here  mentioned  is  called  conduction;  the  metal  is  called  a  conductor 
of  electricity,  and  the  glass  and  shell-lac  are  called  non-conductors  or  insulators. 
(See  Electrictu;  Electrostatics.) 

Among  bodies  the  widest  difference  exists  with  regard  to  their  conducting  power. 
Some  bodies  at  first  sight  (though  on  closer  examination  this  turns  out  not  to  be 
really  the  case)  appear  to  offer  no  obstacle  to  the  passage  of  electricity  through 
them ;  some  conduct  it  with  difficulty;  while  through  some  it  seems  unable  to  pass 
at  all.  Speaking  in  the  first  place  of  electricity  of  high  tension,  such  as  that  wnich 
is  produced  by  the  electric  machine,  the  following  list  may  be  given : — 

Kon-Conductora. 

Dry  oxides. 

Ice  at— 25°  0. 

Fatty  oils. 

Caoutchouc. 

Air  and  gases. 

Dry  vapors. 

Silk. 

Diamond. 

Glass. 

Wax. 

Sulphur. 

Resin. 

Amber. 

Shell-lac. 

Paraffin. 

In  the  first  column  are  placed  the  substances  which  conduct  best,  in  the  last  the 
l»est  insulators,  while  the  oodies  in  the  second  column  hold  an  intermediate  position 
with  regard  to  power  of  conduction.  As  we  have  said,  however,  no  body  is  really  a 
perfect  conductor,  none  really  permits  the  electricity  to  pass  without  resistance,  nor 
is  there  any  perfect  insulator,  and  there  is  no  line  where  conductive  power  can  be 
said  to  cease,  and  insulating  power  to  begin. 

When  we  come  to  consider  the  conduction  of  a  current  of  electricity  produced  by 
a  galvanic  cell  or  battery,  which  is  presented  in  quantity,  enormous  as  compared 


Conductor!. 

Metals. 

Gas  Carbon. 

Graphite. 

Acids. 

Aqueous  solutions. 

Water. 

Vegetable  substances. 

Animal  substances. 

Soluble  salts. 

Linen. 

Cotton. 


Semi-Condnctors. 

Alcohol  and  Ether. 
Powdered  glass. 
Flowers  of  sulphur. 
Dry  wood. 
Ice  at  0°  C. 
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with  that  obtainable  from  the  most  powerful  electric  machine,  but  which  at  the 
same  time  possesses  but  little  tension  or  power  to  overcome  resistance,  we  notice 
still  more  minute  differences  in  conductivity.  We  find  that  the  metals  which  we 
have  grouped  together  in  the  list  above  differ  widely  from  each  other.  The  num- 
bers in  the  following  table  show  this:  in  it  the  conducting  powers  are  compared 
with  that  of  silver,  which  is  the  best  conductor,  and  which  is  taken  as  100. 


The  conductivity  of  Silver  being  100 

That  of  Copper  is  77.4 

Gold  55.2 

Sodium  37.4 
Albuminium  33.8 

Zinc  27.4 

Potassium  20.8 

Iron  14.4 

Tin  11.4 


The  conductivity  of  Silver  being  100 
That  of  Platinum  is     10.5 
Lead  7.7 

German  Silver  7.7 
Antimony  4.3 
Mercury  1.6 

Bismuth  1.2 

Graphite  0.069 


The  numbers  given  above  are  the  results  of  experiments  by  Matthiessen.  They 
are  taken  at  a  temperature  32°  F.  (0°  C).  The  accurate  determination  of  them  is  a 
matter  of  great  difficulty,  owing  to  the  alteration  produced  by  the  presence  even  of 
a  minute  impurity  in  the  metal.  The  molecular  condition  of  the  specimen  has  also 
a  very  marked  influence.  Thus,  the  difference  in  conductivity  between  hard-drawn 
silver  wire  and  the  same  annealed  may  amount  to  over  8  per  cent,  of  the  whole ;  the 
resistance  being  increased,  and  therefore  the  conducting  power  diminished  by  hard- 
ening the  wire.  For  full  information  on  this  subject,  see  the  Reports  of  the  Com- 
mittee appointed  by  the  British  Association  for  the  Advancement  of  Science  to 
consider  the  standards  of  electrical  resistance,  which  are  published  along  with  the 
other  reports  of  the  Association  from  1862  downwards. 

The  conductivity  of  metals  is  very  much  diminished  by  an  increase  of  temperature, 
and  hence  it  is  always  necessary  to  state  the  temperature  at  which  it  nas  been 
determined.  Between  32°  F.  (0°  C.)  and  212°  F.  (100°  C.)  the  difference  sometimes 
amounts  to  35  per  cent,  of  the  whole  conducting  power,  and  in  a  large  number  of 
metals  and  alloys  is  as  much  as  from  20  to  30  per  cent.  The  results  of  Matthiessen 
on  this  subject  also  are  given  in  the  reports  above  referred  to. 

Faraday  considers  that  the  difference  between  conductors  and  non-conductors  is 
one  only  of  degree.  Induction,  he  says,  is  a  necessary  preliminary  to  conduction. 
"  Conduction  and  insulation  appear  to  consist  in  an  action  of  contiguous  particles 
dependent  on  the  forces  developed  in  electrical  excitement ;  these  forces  bring  the 
particles  into  a  state  of  tension  or  polarity  which  constitutes  both  induction  and 
insulation ;  and  being  in  this  state  the  contiguous  •  particles  have  a  power  or  capa- 
bility of  communicating  their  forces  one  to  the  other,  by  which  they  are  lowered  and 
discharge  occurs."  This  discharging  of  contiguous  particles  one  into  another  he 
holds  to  be  conduction. 

Conductor,  Negative.  That  part  of  an  electric  machine  which  is  arranged  to 
collect  negative  electricity.     (See  Conductor,  Prime;  and  Electric  Machine.) 

Conductor,  Prime  or  Positive.  That  part  of  an  electric  machine  which  collects 
the  positive  electricity  is  called  the  Prime  conductor ;  the  part  which  collects  nega- 
tive electricity  is  called  the  Negative  conductor.  In  the  ordinary  plate  electric 
machine,  the  prime  conductor  is  an  insulated  body  of  conducting  material  carrying 
a  row  of  points  close  to  which  moves  the  glass  plate  as  it  turns,  and  so  charges  the 
conductor.  The  negative  conductor  is  insulated  and  connected  with  the  rubbers, 
which,  becoming  negatively  electrified,  electrify  it  similarly.  As  is  explained,  how- 
ever, in  our  articles  upon  Electric  Machines,  both  of  the  conductors  cannot  be 
insulated  at  the  same  time.     (See  also  Electric  Machine.) 

Congelation.  (Gelu,  frost;  congelo,  to  freeze.)  The  passage  of  liquids  to  the 
solid  condition  is  termed  congelation.  It  is  applied  more  particularly  (as  the  name 
imports)  to  substances  which,  ordinarily  existing  in  the  liquid  condition,  are  caused 
to  congeal  by  the  application  of  cold.  Thus  we  should  speak  of  the  congelation  of 
water,  but  of  the  solidification  of  molten  iron ;  indeed,  the  latter  term  has  almost 
entirely  supplanted  the  former,  whether  it  be  applied  to  liquids  such  as  mercury, 

J"h  becomes  solid  at  a  very  low  temperature,  or  to  molten  platinum,  which  becomes 
at  a  very  high  temperature.    (See  Solidification.) 
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Conical  Refraction.  ( Conns,  xuro$,  a  point ;  Sanscrit  co,  to  bring  to  a  point.) 
While  considering  the  nature  of  biaxial  crystals,  Sir  William  R.  Hamilton  arrived 
at  the  unexpected  conclusion  that  under  certain  circumstances  there  would  not  be 
two  emergent  rays,  but  a  cone  of  rays  diffused  from  a  point,  manifesting  them- 
selves  in  the  form  of  a  luminous  circle.  This  was  a  pure  prediction  from  mathemati- 
cal reasoning,  for  no  phenomenon  in  the  remotest  degree  akin  to  it  had  ever  been 
noticed  or  anticipated.  The  experimental  verification  was  accomplished  by  Prof. 
Lloyd  at  Sir  William's  request,  who  found  that  the  prediction  was  in  every  way 
confirmed  by  facts.  For  further  particulars  see  Nichol's  Cyclopaedia  of  the  Physical 
Sciences,  article  Refraction. 

Coniine.     An  intensely  poisonous  volatile  alkaloid  extracted  from  the  hemlock 

iConium  Maculatum)  Formula  C8H,5N.  When  pure  it  is  a  colorless  limpid 
iquid,  boiling  at  163.50  C.  (326°  F).  Specific  gravity  0.87.  The  odor  is  peculiar 
and  repulsive,  somewhat  resembling  tobacco ;  it  is  a  strong  base,  and  neutralizes 
acids  to  form  salts. 

Conjugate  Foci.  ( Conjugo,  con,  together,  and  jugum,  a  yoke.)  See  Concave 
Mirror. 

Conjunction*  (Con,  together,  and  jungo,  to  join.)  In  astronomy  two  planets 
are  said  to  be  in  conjunction  when  they  have  the  same  longitude ;  when  a  planet  is 
simply  said  to  be  in  conjunction,  it  is  to  be  understood  that  the  planet  is  iu  con- 
junction with  the  sun.  The  symbol  expressing  conjunction  is  <$ .  A  planet  whose 
orbit  lies  nearer  the  sun  than  the  earth's  orbit  can  be  in  conjunction  in  two  ways,  viz., 
either  between  the  earth  and  the  sun,  or  beyond  the  sun.  In  the  former  case  the 
planet  is  said  to  be  in  inferior  conjunction,  in  the  latter  in  superior  conjunction. 
As  an  aid  to  the  memory  in  distinguishing  the  two  it  may  be  pointed  out  that  ouly 
an  inferior  planet  can  ever  be  in  inferior  conjunction. 

Conjunctiva.  A  delicate  mucous  membrane  which  covers  the  interior  of  the 
eyelids  and  front  portion  of  the  eye.     (See  Eye.) 

Connecting  Rods.  In  the  steam  engine  the  iron  bars  which  connect  the  piston 
rod  with  the  wheels.  They  are  either  attached  directly  to  the  spokes  of  the  wheels, 
or  to  cranks  constructed  on  the  axles  between  the  wheels.  There  is  a  joint  at  each 
end  of  a  connecting  rod,  arranged  so  that  while  one  end  makes  one  complete  stroke 
in  a  straight  line  backwards  and  forwards  with  the  piston  to  which  it  is  attached, 
the  joint  connected  with  the  spoke  or  crank  makes  a  revolution  round  the  axis  of 
the  crank,  and  so  causes  the  crank  or  wheel  itself  to  revolve.     (Sec  Engine.) 

Consecutive  Points  or  Poles.  A  name  applied  to  certain  parts  of  au  artificial 
magnet  at  which  a  peculiar  distribution  of  magnetic  force  is  found.  An  evenly 
magnetized  bar  may  be  looked  upon  as  being  made  up  of  a  series  of  elementary 
magnetic  bars,  all  having  their  like  poles  pointing  in  the  same  direction ;  and,  in 
fact,  this  will  be  found  to  be  the  case  if  the  bar  be  broken  up,  and  each  of  the  frag- 
ments examined.  The  aggregate  effect  of  all  these  elementery  magnets  is  to  give  a 
bar,  having  at  one  end  a  strong  north  pole,  and  at  the  other  a  strong  south  pole,  the 
intensity  of  the  magnetic  force  gradually  decreasing  from  each  end  towards  the 
middle.  But  if  the  bar  be  not  evenly  magnetized  at  some  place  between  the  two 
ends,  there  may  be  found  a  series  of  these  elementary  magnets  with  their  poles 
turned  the  opposite  way  to  that  of  the  elementary  portions  of  the  mass  of  the  bar. 
The  consequence  of  this  is  that,  at  the  extremities  of  this  series,  there  are  found 
distinct  poles,  instead  of  the  even  distribution  from  end  to  end,  and,  if  the  bar  be 
broken  at  these  points,  it  will  be  found  that  at  one  place  two  north  poles  come 
together,  and  at  the  other  two  south  poles.  These  places  of  disturbed  distribution 
are  called  consecutive  poles  or  points. 

Consequent  Points.     Same  as  Consecutive  points  or  poles  (q.v.). 

Conservatation  of  Energy.  This  principle  applies  either  to  a  machine  or  body 
left  to  itself,  or  to  the  universe  as  a  whole,  and  asserts  that  the  sum  of  the  differeut 
kinds  of  energy  in  the  body,  and  the  total  amount  of  energy  in  the  universe,  remains 
always  the  same. 

The  foundation  of  this  principle  was  laid  by  Newton  in  his  Comments  on  the 
Third  Law  of  Motion ;  but  recent  discoveries  have  raised  it  to  the  position  of  the 
grandest  of  known  physicial  laws.  The  statement  of  Newton  may  fee  thus  trans- 
rated  :  "  When  energy  is  expended  on  any  system  of  bodies,  it  has  its  equivalent  in 
work  done  against  friction,  molecular  forces,  or  gravity,  if  there  be  no  acceleration ; 
but  if  there  be  acceleration,  part  of  the  energy  expended  is  spent  in  overcoming  the 
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resistance  due  to  the  acceleration,  and  the  additional  kinetic  energy  developed  is 
equivalent  to  the  work  so  spent." 

When  part  of  the  work  is  done  against  molecular  forces,  as  in  bending  a  spring, 
or  against  the  force  of  gravity,  as  in  lifting  a  weight,  the  recoil  of  the  spring  and 
the  fall  of  the  weight  are  capable  at  any  time  of  reproducing  the  energy  originally 
expended.  The  kinetic  energy  becomes  potential.  But  in  Newton's  day  it  was 
supposed  that  the  energy  spent  in  overcoming  friction  was  absolutely  lost;  but 
Joule's  investigations  have  proved  that,  in  all  such  cases,  a  quantity  of  heat  is 
generated  which  is  an  exact  and  definite  equivalent  for  the  kinetic  energy  lost. 
Moreover,  in  every  case  in  which  energy  is  developed,  it  can  be  accounted  for  by  the 
disappearance  of  an  equal  amount  elsewhere.  Hence  it  is  concluded  that  if  a  part 
of  the  universe  could  be  so  isolated  that  it  could  neither  receive  energy  from,  nor 
give  energy  to,  the  parts  of  space  external  to  it,  then  its  total  amount  of  energy 
would  remain  unchanged.  Further,  if  we  consider  the  motions  of  the  molecules  of 
matter  which  constitute  light,  heat,  magnetism,  and  electricity,  and  the  action  of 
the  forces  due  to  chemical  activity,  as  well  as  the  motions  and  forces  of  which  we 
are  cognizant  by  direct  observation,  then  we  may  state  the  law  in  its  most  universal 
form,  namely,  that  the  total  amount  of  energy  in  the  universe  is  the  same  at  all  times. 
(See  also  Energy,  aud  Transmutation  of  Energy.) 

Constant  of  Aberration.     See  Aberration  of  the  Celestial  Bodies. 

Constellation  ( Con,  together,  aud  stella,  a  star).  At  a  very  early  epoch  astro- 
nomers seem  to  have  recognized  the  necessity  of  assigning  names  to  well-marked 
star  groups.  By  associating  these  groups  with  the  figures  of  men  and  animals  to 
which  they  bore  a  more  or  less  fanciful  resemblance,  the  astronomer  was  able  to 
refer  readily  to  any  definite  region  of  the  heavens.  Such  an  arrangement  was  espe- 
cially useful  when  the  path  of  a  planet  or  comet  was  to  be  traced  or  recorded. 

It  seems  impossible  to  determine  the  real  origin  of  the  ancient  constellations. 
Undoubtedly  tnose  from  whom  we  have  received  our  accounts  of  the  matter  were 
not  possessed  of  exact  information  on  the  subject ;  and  the  ancient  zodiacs  which 
have  been  discovered  in  Egypt,  Assyria,  and  India,  are  too  discordant  to  be  readily 
interpreted.  The  researches  of  Bryant  and  others  throw  some  light  on  the  mytho- 
logical relations  which  form  the  basis  of  the  distribution  of  the  stars  into  constella- 
tions, but  leave  us  altogether  in  the  dark  as  to  the  epoch  at  which  that  distribution 
was  effected,  and  as  to  the  particular  region  of  the  heavens  which  each  constellation 
covered.  The  subject  is  not  indeed  so  trivial  in  its  relation  to  astronomy  as  might 
be  imagined  at  a  first  view.  If  we  could  ascertain  that  a  given  group  of  stars 
exhibited  at  some  far-off  epoch  a  real  resemblance  to  the  figure  of  bird,  beast,  or 
fish,  whereas  in  recent  times  no  such  resemblance  has  existed,  we  should  be  led  to 
the  conclusion  that  over  vast  regions  of  celestial  space  there  are  in  progress  changes 
of  inconceivable  importance.  We  learn  that  individual  orbs  have  lost  their  lustre 
or  grown  brighter  even  during  the  past  few  centuries.  "Were  we  quite  sure  of  the 
real  distribution  of  the  stars  into  constellations  in  earlier  ages,  we  might  form  con- 
clusions of  a  similar  nature  with  respect  to  whole  systems  of  stars. 

When  we  consider  the  figures  actually  described  by  Aratus,  and  examine  the 
regions  of  the  heavens  to  which  those  figures  are  referred  by  him  and  others,  we  are 
impressed  with  the  conviction  that  no  resemblance  whatever  exists  between  the 
star-groups  and  the  creatures  with  which  they  are  associated.  It  may  be  worth 
while,  however,  to  inquire  whether  the  principle  on  which  the  ancient  astronomers 
proceeded  might  not  have  been  wholly  different  from  that  adopted  by  Eudoxus, 
Aratus,  or  Ptolemy.  The  ancient  astronomers  may  not  have  thought  it  bv  any 
means  necessary  that  each  constellation  should  be  independent  of  the  rest.  Where 
they  recognized  the  figure  of  any  object  in  a  star-group,  they  might  describe  the 
group  by  that  name,  without  regarding  the  circumstance  that  a  portion,  or  even  the 
whole  of  that  group,  belonged  to  some  other  constellation  already  recognized.  Pre- 
cisely as  the  modern  astronomer  speaks  of  a  certain  part  of  the  constellation  l&o  as 
the  Sickle,  so  the  ancients  might  speak  of  the  Crown  even  though  they  regarded  the 
stars  forming  that  constellation  as  belonging  to  the  uplifted  arm  of  Bootes. 

Freeing  ourselves  from  the  considerations  introduced  by  Ptolemy  and  others,  it 
becomes  possible  to  trace  in  the  star-groups  a  real  resemblance  to  many  of  the  objects 
with  which  the  fathers  of  the  science  of  astronomy  have  associated  them.  The  figure 
of  a  lion  can  readily  be  traced,  for  example,  in  the  stars  forming  the  modern  consteL. 
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lations,  Leo,  Coma  Berenices,  Sextans,  Leo  Minor,  the  northern  claw  of  Cancer,  and 
the  head  of  Hydra.  Again,  even  Cancer,  the  least  conspicuous  of  the  ancient  con- 
stellations, is  accounted  for  when  we  recognize  the  crab's  southern  claw  in  the  head 
of  Hydra.  The  poop  of  Argo  can  be  recognized  if  the  stars,  forming  the  hind- 
quarters of  Canis  Major,  be  accepted  as  forming  part  of  the  ancient  constellation. 

In  this  way  a  large  part  of  the  perplexity  in  which  the  subject  of  the  constella- 
tions has  hitherto  been  shrouded  seems  to  be  removed.  If  we  accepted  the  priuciple 
here  advocated,  we  should  find  a  natural  interpretation  of  the  ancient  constellations 
in  the  simple  fact,  that  the  imaginative  minds  of  the  ancient  astronomers  found  a 
real  resemblance  between  certain  star-groups  and  certain  objects,  and  we  might  then 
safely  reject  all  those  fanciful  methods  by  which  Dupuis  and  others  have  endeavored 
to  interpret  the  ancient  constellations. 

So  far  as  modern  astronomy  is  concerned,  the  subject  of  the  constellations  is  an 
unsatisfactory  one.  It  seems  impossible  to  free  our  star-maps  and  globes  from  the 
preposterous  figures  by  which  they  are  encumbered  ;  and  it  has  been  indeed  only  of 
Kite  years  that  astronomers  have  succeeded  in  checking  the  absurd  practice  of  form- 
ing new  constellations  in  which  many  modern  map-makers  have  indulged.  All  that 
is  at  present  to  be  hoped  for  is  that  by  the  gradual  elimination  of  the  smaller  con- 
stellations still  in  vogue,  simplicity  may  be  restored  to  our  globes  aud  maps  of  the 
heavens.  But  the  only  arrangement  which  would  be  really  worthy  of  modem  science, 
would  be  one  according  to  which  the  heavens  should  be  divided  in  a  uniform  manner, 
founded  on  the  existence  on  the  celestial  vault  of  a  well-marked  natural  great  circle, 
that,  namely,  about  which  the  Milky  Way  pursues  its  course. 

The  following  list  of  constellations  includes  nearly  all  those  which  have  been  even 
temporarily  adopted.  To  distinguish  those  in  present  use  from  the  rest,  the  former 
are  printed  in  Roman,  the  latter  in  italic  letters : —  * 


Constellations  of  Ptolemy. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 

14. 
15. 
16. 
17. 
18. 
19. 
20. 


21. 
22. 


Northern. 
Ursa  Minor,  the  Lesser  Bear. 
Ursa  Major,  the  Greater  Bear. 
Draco,  the  Dragon. 
Cepheus. 

Bootes,  the  Herdsman. 
Corona  Borealis,  the  Northern  Crown. 
Hercules. 
Lyra,  the  Lyre. 
Cygnus,  the  Swan. 
Cassiopeia. 
Perseus. 
Auriga. 
Ophiuchus  or  Serpentarius,  the  Ser- 

pent^bearer. 
Serpens,  the  Serpent. 
Sagitta,  the  Arrow. 
Delphi nus,  the  Dolphin. 
Equuleus,  the  Little  Horse. 
Pegasus,  the  Winged  Horse. 
Andromeda. 

Triangulum  Boreale,  the  Northern 
Triangle. 

Zodiacal. 
Aries,  the  Bam. 
Taurus,  the  Bull 


23.  Gemini,  the  Twins. 

24.  Cancer,  the  Crab. 

25.  Leo,  the  Lion. 

26.  Virgo,  the  Virgin. 

27.  Libra,  the  Scales. 

28.  Scorpio,  the  Scorpion. 

29.  Sagittarius,  the  Archer. 

30.  Capricornus,  the  Sea-goat. 

31.  Aquarius,  the  Water-bearer. 

32.  Pisces,  the  Fishes. 

Southern. 

33.  Cetus,  the  Whale. 

34.  Orion. 

35.  Eridanus,  the  River  Eridanus. 

36.  Lepus,  the  Hare. 

37.  Canis  Major,  the  Greater  Dog. 

38.  Canis  Minor,  the  Lesser  Dog. 

39.  Argo,  the  Ship  Argo. 

40.  Hydra,  the  Water  Serpent. 

41.  Crater,  the  cup. 

42.  Corvus,  the  Crow. 

43.  Centaurus,  the  Centaur. 

44.  Lupus,  the  Wolf. 

45.  Ara,  the  Altar. 

46.  Corona    Australis,    the    Southern 

Crown. 

47.  Piscus  Australis,  the  Southern  Fish. 


1.  Antinous. 


Added  by  Tycho  Brahb. 

2.  Coma  Berenices,  the  Hair  of  Bere- 


nice. 
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Added  by  Hkvelius. 


Northern. 

1.  Mons  Mcenalus,  the  Mountain  Moen- 

alus. 

2.  Canes  Venatici  (the  GreyhoundB  As- 

terion  and  Chara.) 

3.  Cerberus. 

4.  Lacerta,  the  Lizard. 

5.  Lynx,  the  Lynx. 

6.  Scutum    Sobiesktt,    the    Shield    of 

Sobieski. 


7.  Sextans  Uranise,  Tycho's  Sextant 

8.  Triangulum   Minus,    the    Leaser 

Triangle. 

9.  Cameleopardalis,  the  Giraffe. 

10.  Vulpecuia  et  Anser,  the  Fox  and 

Goose. 

11.  Leo  Minor,  the  Lesser  Lion. 

Southern. 

12.  Monoceros,  the  Unicorn. 

13.  Sextans  Uraniae,  Tycho's  Sextant. 


Bayer's  Southern  Constellations. 


1.  Indus,  the  Indian. 

2.  Grus,  the  Crane. 

3.  Phoenix,  the  Phoenix. 

4.  Apis,  the  Bee  (now  Mnsca). 

5.  Pavo,  the  Peacock. 

6.  Toucan,  the  American  bird  Toucan. 

7.  Hydras,  the  Water-snake. 


8.  Dorado,  the  Sword-fish. 

9.  Piscus  Volans,  the  Flying-fish. 

10.  Chamaeleon,  the  Chameleon. 

11.  Triangulum  Australe,  the  Southern 

Triangle. 

12.  Apus,  the  Bird  of  Paradise. 


Lacaille's  Southern  Constellations. 


1.  Apparatus  Sculptoris,  the  Sculptor's 

workshop. 

2.  Fornax  Chemida,  the  Chemical  Fur- 

nace. 

3.  Horologium,  the  Clock. 

4.  Reticulum  Rhomboidale,  the  Rhom- 

boidal  Net. 

5.  Coela  Sculptoris,  the  Graving  Tools. 

6.  Equus  Pictorius,  the  Painter's  Easel. 


7.  Pixis  Nautica,  the  Compass. 

8.  Antlia  Pneumatica,  the  Air-pump. 

9.  Octans,  the  Octant. 

10.  Norma,  the  Square-rule. 

11.  Circinus,  the  Compasses. 

12.  Telescopium,  the  Telescope. 

13.  Microsconium,  the  Microscope. 

14.  Mons  Mens®,  the  Table  Mountain. 


Royer's  Southern  Constellations. 


1.  Crux    Australis,    the    Southern 

Cross. 

2.  Columbia  Noachi,  Noah's  Dove. 


3.  Nubis  Major,  the  Greater  Cloud. 

4.  Nubis  Minor,  the  Lesser  Cloud. 

5.  Fleur-de-lis,  the  Lily  of  France. 


To  these  may  be  added  contributions  by  Bode,  Le  Monnier,  Poczobut,  and  others, 
including : — 


1.  Tarandus,  the  Reindeer. 

2.  Solitarius,  the  Hermit. 

3.  Taurus     Poniatowskii,     Ponia- 

towski's  Bull. 

4.  Psalterium  Qeorgianum,  George's 

Harp. 

5.  Honores  Frederici,  the  Honors 

of  Frederic. 

6.  Sceptum  Brandenburgicum,  the 

Sceptre  of  Brandenburg. 


7.  Felts,  the  Cat. 

8.  Lochium  Funis,  the  Logline. 

9.  Quadrans    Muralis,  the    Mural 

Quadrant. 

10.  Machina  Electrica,  the  Electrical 

Machine. 

11.  Officina  Typographica,  the  Printing 

Press. 

12.  Globus  Aerostations,  the  Balloon. 


It  is  difficult  to  understand  what  purpose  the  inventors  of  the  constellations*  in 
the  last  list  can  have  had  in  view  in  devising  such  absurdities.  The  same  remark 
applies,  unfortunately,  to  many  of  the  constellations  still  in  use,  especially  to  those 
invented  by  Hevelius  and  Lacaille.  It  is  a  pity  that  the  whims  or  the  conceit  of 
two  or  three  astronomers  should  be  suffered  to  disfigure  our  star  maps,  and  that, 
apparently,  there  should  be  little  hope  of  a  change  for  the  better. 

Francis  Baily  did  good  service  in  eliminating  a  few  asterisms,  and  adopting  for 
some  of  those  he  retained  a  more  convenient  nomenclature.  The  following  list  of 
these  changes  is  necessary  to  complete  our  account  of  the  constellations : — 
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Coma  Berenices,  is  written  Coma. 
Vulpecula  et  Anser,  "      Vulpecula. 
Apparatus  Scnlptoris," 
Casta  Sculptori8, 
Kquus  Pictorius, 
Piscis  Volans, 
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Sculptor. 
Coelum. 
Pictor. 
Volans. 


Reticulum    Rhomboidale,   is   written 

Reticulum. 
Fornax  Chemica,  is  written  Fornax. 
Antlia  Pneumatica,        "    '  Antlia. 
Mons  Mensa,  "       Mensce. 

Crux  Australia,  "       Crux. 


For  Corona  Borealis 

.     Corona. 

For  Leo  Minor 

"    Corona  Australia 

.     Corolla. 

44    Vulpecula 

"    Urea  Major 

.     Ursa. 

44    Equuleus  . 
44    Delphinus  . 

"    Urea  Minor 

.    Minor. 

"    Canis  Major 

.     Canis.     i 

44    Cameleopardalis 

44    Canis  Minor 

.    Felis.      1 

44    Monoceros 

He  diTides  the  constellation  Argo,  which  is  inconveniently  large,  into  the  four 
portions: — 

Mains,  the  Mast,  Carina,  the  Keel, 

Vela,  the  Sails,  Puppis,  the  Stern, 

retaining  the  name  Argo  in  the  case  of  all  stars  which  have  had  Greek  letters 
assigned  them,  and  using  italics  and  Roman  capitals  for  6tars  belonging  to  the  sub- 
divisions. 

Yet  further  changes  of  this  sort  might  be  adopted  with  advantage.  It  is  impor- 
tant that  the  name  of  each  constellation  should  l>e  as  short  as  possible,  because  the 
arrangement  of  the  star  groups  is  interfered  with  when  a  long  word  has  to  be  printed 
among  the  stars.  There  seems  no  reason  why  the  following  changes  should  not  be 
accepted : — 

Leona. 

Vulpes. 

.     Equus. 

.    Delphin. 

.     Camelus. 

Cervus. 

The  constellation  Sagitta  seems  also  unworthy  of  the  place  it  has  in  our  maps. 

Under  the  titles  of  the  principal  constellations  will  be  found  remarks  on  their 
chief  characteristics. 

Contact.  (Contactusf  a  touching.)  A  term  used  in  describing  an  eclipse  of  the 
sun  or  moon,  or  a  transit  of  an  inferior  planet  It  is  used  to  indicate  the  moment 
when  the  two  limbs  of  the  sun  and  moon  just  touch  either  interiorly  or  exteriorly 
in  a  solar  eclipse ;  or  when  the  outline  of  the  earth's  umbra  or  penumbra  just 
touches  the  moon's  limb,  in  a  lunar  eclipse;  or,  lastly,  when  the  limb  of  Venus  or 
Mercury  just  touches  the  sun's,  either  exteriorly  or  interiorly,  when  a  transit  of  either 
planet  is  in  progress. 

Contact  Action.     (See  Catalysis.) 

Continuity,  Law  of.  The  principle  that  nothing  passes  from  one  state  to  another 
without  passing  through  all  intermediate  states.  From  this  law,  for  instance,  if  it 
be  known  that  at  two  instants  of  time  a  body  had  a  temperature  of  20°,  and  at 
another  a  temperature  of  40°,  then  there  must  have  been  an  instant  between  these, 
at  which  the  temperature  was  30°.  If  a  body,  at  two  different  times,  had  velocities 
of  12  feet  and  20  feet  per  second,  respectively,  we  may  conclude,  from  the  law  of 
continuity,  that  between  these  times  it  had  all  velocities  between  12  feet  and  20 
feet.  The  principle  is  of  considerable  use  in  investigations  on  motion  and  physical 
change ;  it  was  distinctly  laid  down  by  Galileo,  who  ascribed  it  to  Plato ;  but  Leib- 
nitz was  the  first  to  apply  it  extensively  to  test  physical  theories.  He  established 
its  truth  by  the  method  of  reductio  ad  absurdum.  If  a  change  were  to  happen 
without  the  lapse  of  time,  the  thing  changed  must  be  in  two  different  conditions  at 
t  he  same  instant,  which  is  obviously  impossible. 

Continuity  of  Liquid  and  Gaseous  Sates  of  Matter.    See  Matter,  Continuity 

of  Liquid  and  Gaseous  States  of. 

Convection,  Discharge  by.  When  an  electrified  insulated  body  is  surrounded 
by  a  gas.  the  molecules  of  the  gas  coming  in  contact  with  it  become  charged,  and 
then  re oel led.  and  thus  carry  away,  by  degrees,  the  electricity  of  the  body.  This  is 
called  discharge  by  convection.     (See  also  Discharqe.) 

Convection  Of  Heat.  ( Conveho.  to  carry  up.)  When  a  liquid  is  heated  from 
above  the  temperature  of  the  mass  rises  with  extreme  slowness,  because  liquids  pos- 
sess but  little  conducting  power  for  heat ;  thus  water  may  be  boiled  above  ice, 
although  separated  from  it  by  a  very  thin  stratum  of  water.  But,  if  the  liquid  be 
heated  from  below,  and  the  ice  be  at  the  surface,  a  very  different  effect  is  observed ; 
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the  ice  melts  quickly,  and  the  whole  mass  of  water  is  soon  raised  to  the  temperature 
of  ebullition.  If  amber  dust  or  sawdust  is  diffused  through  a  liquid  which  is  being 
heated  from  below,  we  notice  at  once  that  currents  of  liquid  ascend  from  the  bottom 
to  the  top  of  the  vessel,  and  the  liquid  acquires  a  uniform  temperature.  This  trans- 
port of  heat  by  masses  of  matter  is  known  as  convection.  Tne  layers  of  a  liquid 
or  gas  which  are  nearest  to  the  source  of  heat  are  expanded,  and  thus  become 
specifically  lighter  than  surrounding  portions,  consequently  they  rise ;  while  colder, 
and  consequently  heavier,  portions  descend,  are  heated  in  their  turn,  and  then  as- 
cend to  make  way  for  other  colder  portions.  Thus,  however  badly  a  liquid  or  gas 
may  conduct  heat,  it  can  rapidly  acquire  a  uniform  temperature  by  the  convection 
of  heat.  Now  it  is  evident  that  the  more  expansible  a  body  may  be,  the  greater  is 
its  convective  power,  for  the  greater  is  the  difference  between  the  weight  of  equal 
bulks  of  cold  and  hot  portions  of  it,  consequently  the  movement  of  heated  masses 
takes  place  with  more  facility  and  rapidity.  Hence  convection  takes  place  in  gases 
far  more  readily  than  in  fluids,  because  for  equal  increments  of  heat  they  expand 
to  a  greater  extent  than  liquids.  It  is  obvious  that  convection  cannot  take  place 
in  solids,  for  mobility  of  particles  is  necessary  before  any  displacement  of  masses 
can  ensue ;  it  also  results  that,  other  things  being  equal,  convection  takes  place 
more  readily  in  mobile  than  in  viscid  liquids ;  thus  in  glycerine  or  treacle  the  diffu- 
sion of  heat  through  the  mass  would  take  place  far  more  slowly  than  in  water  or 
alcohol.  The  displacement  of  the  lighter  warm  layers  of  a  liquid  or  gas,  by  heavier 
and  colder  layers,  is  due  to  gravity.  Dr.  Balfour  Stewart  has  well  remarked,  '*  Were 
there  no  gravity  there  would  be  no  convection ;  indeed,  the  very  term  specifically 
heavier  has  a  reference  to  gravity :  so  that  if  this  force  did  not  exist  it  would  be  a 
matter  of  no  consequence  what  part  of  a  vessel  of  water  we  heated,  the  effect  of  the 
heating  would  be  always  the  8ame.,, 

In  nature  we  have  many  notable  examples  of  the  convection  of  heat,  and  some 
of  these  are  on  a  gigantic  scale ;  we  need  do  no  more  than  refer  to  the  trade-winds 
and  various  great  ocean  currents  in  exemplification  of  this.  The  gradual  cooling 
of  a  mass  of  water,  until  it  has  attained  its  maximum  density  (see  Maximum  Den- 
sity of  Water),  is  another  example  of  convection.     (See  also  winds;  Climate.) 

Converging  Bays  are  those  which,  proceeding  from  several  points,  meet  together 
in  one  point,  which  is  called  the  focus  or  focal  point. 

Convex  Lens,  Double.  A  lens  formed  of  two  spherical  surfaces,  each  curved 
outwards  (Fig.  27).     An  equally  convex  lens  has  the  radii  of  its  two  surfaces  equal, 

Fig.  27. 


an  unequally  convex  lens  has  them  unequal.    Convex  lenses  converge  parallel  rays 
of  light  to  a  focus. 

Convex  Mirror.  ( Convexus,  conveho,  con,  together ;  and  veto,  to  carry.)  A 
reflecting  surface  of  a  convex  form.  It  renders  parallel  rays  falling  upon  it  aiver- 
gent,  seeming  to  radiate  from  a  point  behind  it  called  the  virtual  focus.  This  point 
is  about  one-half  the  radius  of  convexity  behind  the  mirror.  Images  reflected  from 
convex  mirrors  appear  much  smaller  than  their  real  size,  and  more  distant.  (See 
Mirror.) 
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Codling.  Velocity  of.  If  we  pass  from  the  warm  outside  air  of  a  summer  day 
into  an  ice-noose  or  cold  vault,  we  find  ourselves  chilled,  because,  in  accordance  with 
Prevoat's  theory  of  exchanges  (which  see),  our  bodies  part  with  more  heat  than 
they  receive  when  surrounded  by  objects  possessing  a  lower  temperature  than  their 
own.  It  is  a  case  of  uncompensated  radiation,  and  the  velocity  of  cooling  increases, 
as  the  difference  of  temperature  between  the  surrounding  medium  and  the  cooling 
bodies  is  greater.  The  first  complete  and  aceurate  experiments  on  the  cooling  of 
bodies  were  made  by  Dulong  and  Petit,  and  were  communicated  to,  and  crowned 
by,  the  Acadimie  des  Sciences  in  1818.  The  mode  of  experiment  was  to  enclose 
a  very  large  thermometer,  the  mercury  in  which  possessed  a  known  temperature,  in 
a  hollow  sphere  of  copper  blackened  inside,  in  such  a  manner  that  the  centre  of  the 
bulb  of  the  thermometer  and  of  the  copper  sphere  coincided.  By  placing  the  sphere 
in  water  of  different  temperatures,  a  uniform  temperature  could  obviously  be  estab- 
lished within  it.  The  temperature  of  the  mercury  in  the  thermometer  was  higher 
than  that  of  the  sphere,  and  the  velocity  of  cooling  was  indicated  by  the  number  of 
degrees  through  which  the  mercury  fell  in  one  minute  of  time. 

The  following  results,  as  stated  by  Pouillet,  were  obtained  by  Dulong  and  Petit 
by  this  method  of  experimenting.  The  copper  sphere  was  30  centimetres  (11.78 
inches)  diameter,  and  the  thermometer  contained  between  2  and  3  lbs.  of  mercury, 
and  was  provided  with  a  long  and  accurately  graduated  stem. 


Velocity  op 

Cooling. 

Excess  of 

temperature 

of  the 

Temperatures  of  the  enclosure. 

thermometer. 

0°C. 

20°  C. 

40°  c. 

60°  C. 

80°  C. 

840°  C. 

10.69 

12.40 

14.35 

•  • 

•  • 

820 

8.81 

10.41 

11.93 

•  • 

•  • 

200 

7.40 

8.58 

10.01 

11.64 

13.45 

180 

6.10 

7.04 

8.20 

9.55 

11.05 

ISO 

4.89 

6.67 

6.61 

768 

8.95 

140 

3.88 

4.57 

6.32 

6.14 

7.19 

120 

3.02 

8.56 

4.15 

4  84 

6.64 

100 

2.30 

2.74 

816 

8.68 

4.29 

80 

1.74 

1.99 

2.30 

2.73 

8.18 

60 

•  • 

1.40 

1.62 

1.88 

2.17 

Prom  these  results  the  following  law  was  deduced :  The  velocity  of  cooling  in  a 
vacuum  increases  in  geometrical  progression  if  the  temperature  of  the  enclosure  in- 
creases in  arithmetical  progression,  for  the  same  excess  of  temperature. 

The  above  table  shows  us  that  the  velocity  of  cooling  increases  with  the  tempera- 
ture of  the  enclosure,  when  the  excess  of  temperature  of  the  cooling  body  is  con- 
stant :  thus  a  thermometer  at  200°  C.  cools  faster  in  an  enclosure  possessing  a  tem- 
perature of  100°  C.  than  a  thermometer  at  100°  C.  in  an  enclosure  possessing  a 
temperature  of  0°  C,  the  excess  of  temperature  of  the  thermometer  above  the 
enclosure  being  in  both  cases  the  same. 

Copernican  System.  The  system  by  which  Copernicus  explained  the  apparent 
motions  of  the  planets.  According  to  this  system  the  sun  occupies  the  centre  of  the 
system,  and  all  the  planets  travel  around  him,  those  nearer  to  nim  travelling  more 
swiftly  than  those  farther  from  him.  Copernicus  was  unable  to  pronounce  definitely 
as  to  the  figure  of  the  planetary  orbits.  He  saw  that  they  were  not  circles  having 
the  sun  as  centre,  and  he  was  disposed  to  adopt  some  of  the  Ptolemaic  contrivances 
of  epicycles  and  eccentrics  to  account  for  trie  observed  peculiarities  of  planetary 
motion.  (See  Keplerian  System.)  The  great  merit  of  his  system  consists  not  in 
any  extreme  simplicity  of  the  motions  he  ascribed  to  the  planets,  but  in  the  orderly 
arrangement  of  the  planetary  scheme  in  subordination  to  the  sun  as  the  orb  around 
which  all  the  main  motions  were  performed.  In  the  Ptolemaic  System  (q.  v.)  it  was 
necessary  to  conceive  first  of  the  motion  of  imaginary  points  around  the  earth,  and 
then  of  equally  extensive  motions  of  the  planets  around  these  moving  points.  It 
need  hardly  be  added  that  in  explaining  tne  apparent  motions  of  the  planets,  their 
advances,  stations,  and  retrogressions,  as  due  to  real  motions  about  the  6un  as  centre, 
Copernicus  at  the  same  time  taught  that  the  dinrnal  motion  of  the  heavens  is  only 
apparent,  and  due  to  a  real  motion  of  the  earth  upon  her  axis. 
12 
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Copper.  An  elementary  metallic  substance  known  to  the  ancients;  its  latin 
name,  Cuprum,  is  derived  from  Cyprium,  as  the  Romans  first  obtained  it  from  the 
Island  of  Cyprus,  and  called  it  Jbls  Cyprium  (Cyprian  brass) ;  this  was  soon  con- 
tracted to  Cuprum.  From  this  word  the  symbol  Cu  is  obtained.  Atomic  weight, 
63.5.  Specific  gravity  between  8.91  and  8.95.  Specific  heat,  0.09515  between  OP  and 
100°  0.  (32°  and  212°  R)  Melting  point  between  that  of  gold  and  silver,  being 
somewhere  abont  2300°  F.  It  expands  on  solidifying.  Next  to  silver  it  is  the  best 
conductor  of  electricity,  being  in  the  pore  state  93.08,  while  silver  is  100.  It  is  very 
hard,  elastic,  and  tough ;  possesses  great  malleability  and  ductility ;  and  it  crystal- 
lizes in  the  regular  system,  forming  cubes,  octahedrons,  and  rhombic  dodecahedrons. 
It  occurs  native  in  many  parts  of  the  world,  the  principal  deposits  being  on  the 
coast  of  Lake  Superior,  one  mass  having  been  found  there  weighing  500  tons.  The 
principal  ores  of  copper,  besides  the  native  metal,  are  the  sulphides  of  copper, 
either  alone  or  in  combination  with  other  metals,  such  as  copper  glance  (CujS) ; 
Indigo  copper  (CuS) ;  copper  pyrites  (CuJ3,  Fe,Ss) ;  variegated  copper  ore  (3  Gup, 
FejSg) ;  Fahl  ores,  containing  variable  admixtures  of  sulphides  of  copper,  iron,  sine, 
silver,  mercury,  antimony,  and  arsenic ;  Enargite,  containing  sulphides  of  copper 
and  arsenic ;  oxidized  copper  ores,  such  as  red  copper  (Cu,0)  ana  black  oxide  of 
copper ;  and  copper  salts,  such  as  malachite  (which  is  carbonate  of  copper)  silicate 
of  copper,  dioptase,  chloride  of  copper,  atacamite,  phosphate  of  copper,  and  arseniate 
of  copper.  Copper  is  extracted  commercially  from  all  these  ores ;  it  is  also  found  in 
minute  quantities  in  most  soils,  in  sea  weed,  in  many  vegetable  products,  and  in  the 
animal  body.  Copper  smelting  is  not  a  complicated  operation  when  ores  are  used 
which  do  not  contain  sulphur,  reduction  readily  taking  place  at  a  high  temperature 
in  the  presence  of  charcoal,  and  a  suitable  siheious  flux.  When,  however,  sulphur 
is  present,  a  more  complicated  operation  has  to  be  adopted,  the  object  being  to  re- 
move the  iron  and  other  metals  in  the  form  of  silicate  m  the  slag,  and  concentrate 
the  copper  into  a  fusible  sulphide.  After  this  operation  has  been  repeated  two  or 
three  times,  a  regulus  of  almost  pure  sulphide  of  copper  is  obtained.  This  is  roasted 
with  free  access  of  air,  when  most  of  the  sulphur  passes  off  as  sulphurous  acid,  and 
the  copper  oxidizes.  At  a  certain  stage  of  the  process  the  remaining  sulphide  of 
copper  and  oxide  of  copper  react  upon  each  other,  forming  sulphurous  acid,  and 
metallic  copper  in  an  impure  state,  known  as  coarse  copper,  blister  copper,  and  black 
copper.  This  metal  is  then  submitted  to  refining,  which  is  effected  principally  by 
exposing  it  in  a  melted  state  to  the  action  of  air  and  a  highly  silicious  slag,  until 
the  impurities  have  passed  into  the  slag.  In  this  state  the  copper  is  what  is  techni- 
cally called  dry,  containing  oxide  of  copper  dissolved  in  it  To  remove  this,  char- 
coal or  anthracite  is  thrown  upon  the  melted  surface,  and  the  metal  is  then  stirred 
up  with  a  green  wooden  pole.  Violent  commotion  takes  place,  and  the  oxide  is  re- 
duced to  the  metallic  state.  If  this  poling  is  not  carried  on  sufficiently  long  the 
copper  is  termed  underpoled,  whilst  if  it  goes  on  too  long  it  becomes  overpoled, 
and  carbon  gets  into  the  copper ;  the  remedy  for  this  is  to  allow  the  air  to  act  upon 
the  surface  for  a  short  time.  During  these  operations  the  smelter  removes  samples 
from  time  to  time,  and  tests  them  by  hammering.  As  soon  as  the  metal  is  of  tough 
pitch,  it  is  ladled  into  moulds.  Copper  is  sometimes  extracted  in  the  wet  way 
from  drainage  waters  of  mines  and  other  solutions  containing  this  metal ;  it  is  pre- 
cipitated by  metallic  iron,  and  the  resulting  spongy  copper  melted  and  refined. 
Copper  tarnishes  slightly  in  the  air ;  its  principal  solvent  is  nitric  acid,  which  attacks 
it  violently,  forming  nitrate  of  copper ;  it  unites  with  chlorine  at  the  ordinary  tem- 
perature, forming  chloride  of  copper,  and  at  a  high  temperature  with  bromine, 
iodine,  and  sulphur,  and  most  of  the  metals.  For  a  description  of  the  salts  of  cop- 
per see  under  the  headings  of  the  respective  acids,  and  for  the  principal  alloys  of 
copper  see  Alloys. 

Copper  forms  two  oxides,  the  protoxide  (CuO),  and  the  suboxide  (Cn,0).  The 
protoxide  is  found  native  in  dark  steel  gray  crystals,  possessing  a  specific  gravity  of 
5.9.  It  is  prepared  artificially  by  heating  copper  in  contact  with  air,  or  by  igniting 
the  sulphate,  carbonate,  or  nitrate  of  copper.  It  is  also  prepared  in  the  wet  way  by 
adding  caustic  potash  to  a  hot  solution  of  a  cupric  salt ;  thus  formed,  it  is  a  black 
powder  which  melts  at  a  red  heat.  The  suboxide  of  copper  occurs  native  in  red 
translucent  crystals,  having  a  specific  gravity  of  5.8 ;  prepared  artificially  it  forms 
a  beautiful  crimson  powder.  Both  these  oxides  are  easily  reduced  to  the  metallic 
state  by  heating  with  reducing  agents.    Proto-chloride  of  copper  is  brown  in  the 
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Anhydrous  state,  and  green  when  hydrated ;  it  is  very  soluble  in  water,  forming  a 
beautiful  emerald  green  solution  when  concentrated,  but  pale  blue  when  dilute. 
There  are  several  sulphides  of  copper,  the  principal  being  the  protosulphide  and 
the  di-sulphide,  corresponding  in  composition  to  the  two  oxides.  They  are  both 
found  native,  and  are  worked  as  copper  ores ;  the  proto-sulphide  is  often  formed  in 
analytical  operations ;  in  the  process  of  separating  copper  from  other  metals,  it  is 
thrown  down  as  a  dark  brown  precipitate,  insoluble  in  water  and  cold  acids. 

Copper  Pyrites.    See  Copper. 

Copperas.    See  Sulphates,  Iron. 

Cor  CarolL  (Charles's  Heart.)  The  star  a  of  the  constellation  Canes  Yenatici, 
or  Catuli 

Cor  Hydra.  (The  Heart  of  the  Sea  Snake.)  The  star  a  of  the  constellation 
Hydra.    It  is  also  called  Alphard,  or  the  Solitary  One. 

Cor  Leonis.  (The  Lion's  Heart.)  The  star  a  of  the  constellation  Leo.  It  is 
also  called  Regulus. 

Cornea.  ( Cornu,  a  horn.)  The  transparent  horny  membrane  which  covers  the 
front  part  of  the  eye.    (See  Eye.) 

Corona,  Solar.  In  astronomy  this  term  is  applied  to  the  glory  of  light  seen 
around  the  totally  eclipsed  sun.  This  phenomenon  has  attracted  much  attention, 
and  many  theories  have  been  hazarded  as  to  its  real  nature.  H  alley  was  disposed 
to  regard  it  as  due  to  the  existence  of  a  lunar  atmosphere,  an  idea  which  Newton 
rejected,  and  which  has  since  been  thoroughly  disproved.  We  now  know  that  if  the 
moon  has  an  atmosphere  at  all  it  is  one  of  very  small  extent.  Del  isle  and  others  have 
suggested  that  the  phenomena  may  be  due  to  the  diffraction  of  the  sun's  light  in 
passing  tangentially  by  the  moon's  sphere.  Although  this  theory  seems  supported 
by  experimental  tests,  it  has  been  shown  by  Sir  David  Brewster  to  be  untenable, 
since  any  diffraction-ring  thus  occasioned  would  necessarily  be  too  narrow  to  be  visi- 
ble from  the  earth.  In  recent  times  a  theory  has  been  put  forward  which  ascribes 
the  corona  to  the  glare  of  light  in  our  own  atmosphere ;  but  no  evidence  has  been 
given  to  show  how  this  glare  can  be  produced,  or  that  it  would  account  for  the  special 
characteristics  of  the  coronal  light.    The  theory,  in  fact,  will  not  bear  examination. 

There  remains  only  the  conclusion  that  the  corona  is  a  true  solar  appendage, 
though  of  what  nature  has  not  yet  been  clearly  shown.  From  the  observations 
made  by  Mr.  Lockyer  in  the  spectrum  of  the  prominences,  that  ingenious  observer 
has  been  led  to  conclude  that  the  corona  cannot  be  a  solar  atmosphere.  Dr.  Frank- 
land's  observations  of  the  spectrum  of  hydrogen  show  that  at  the  bottom  of  such  an 
atmosphere  the  hydrogen  of  the  prominences  could  not  fail  to  give  a  different  spec- 
trum than  that  seen  by  Mr.  Lockyer.  It  would  appear  clear,  therefore,  that  the 
particles  forming  the  corona  must  be  prevented  from  pressing  towards  the  sun  by 
their  own  motions.  Thus  the  conclusion  is  suggested  that  they  are  in  reality  members 
of  those  meteoric  systems  whose  perihelia  must  exist  in  countless  thousands  in  the 
sun's  neighborhood.  Baxendell,  of  Manchester,  has  shown  from  meteorological  con- 
siderations that  there  probably  exists  round  the  sun  an  envelope  of  some  such  nature. 
Le vender  also  has  shown  that  the  motions  of  Mercury  indicate  the  existence  of  bodies 
(whose  combined  mass  must  be  considerable)  travelling  within  the  orbit  of  Mercury. 

Corona  Australia.  (The  Southern  Crown.)  One  of  Ptolemy's  southern  constel- 
lations. The  stars  forming  this  constellation  are  chiefly  remarkable  as  defining  part 
of  the  limits  of  a  region  rich  in  stars,  the  region  immediately  beyond  towards  the 
north  being  singularly  barren,  so  far  at  least  as  lucid  stars  are  in  question. 

Corona  Borealis.  (The  Northern  Crown.)  One  of  Ptolemy's  northern  constel- 
lations. It  was  within  this  constellation  that  in  May,  1869,  a  star  blazed  suddenly 
forth,  attaining  at  once  the  brilliancy  of  a  second  magnitude  star.  This  orb  appeared 
in  the  place  formerly  occupied  by  a  star  of  the  tenth  magnitude,  so  as  to  suggest  the 
conclusion  that  through  some  unknown  cause  this  minute  star  had  suddenly  been 
lifted  up  with  new  splendors.  Examined  by  Mr.  Iluggins  with  the  spectroscope,  the 
light  of  the  new  star  told  a  strange  story.  There  was  the  usual  continuous  spectrum, 
but  across  this  spectrum  there  were  the  bright  lines  corresponding  to  glowing  hydro- 
gen, so  as  to  justify  the  inference  that  there  had  been  an  outburst  of  hydrogen  flames 
over  the  surface  of  this  distant  orb.  Whether  a  6un  had  thus  suddenly  acquired  a 
lustre  exceeding  several  hundredfold  its  former  brilliancy  may  indeed  be  gravely 
questioned.  Far  more  probably  the  new  star  was  relatively  minute.  It  is  note- 
worthy that,  until  the  appearance  of  this  temporary  brilliant,  all  the  phenomena  of  the 
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same  character  had  made  their  appearance  on  the  bordere  of  the  Milky  War.  It  Is 
worth  considering  whether  this  exception  should  lead  us  to  forget  the  rale  which  has 
characterized  all  other  instances. 

Corona,  Spectrum  of  the.  During  the  total  solar  eclipse  of  August,  1869,  Profc 
Young  found  that  the  corona,  instead  of  showing  a  subdued  solar  spectrum,  yielded 
a  spectrum  of  three  bright  green  lines.  From  the  close  accordance  between  these 
coronal  lines  and  three  of  the  auroral  lines,  he  considers  that  there  is  a  relationship 
between  the  corona  and  the  aurora.  (See  Spectrum  ;  Aurora  Borealis,  Spectrum  ofv) 

Cornish-Boiler.     See  Steam-Boiler. 

Corpuscular  Theory  of  Light.  There  are  two  theories  of  light — the  Undula- 
tory  or  Vibratory  Theory \  anuthe  Corpuscular  or  Emissive  Theory.  According 
to  the  latter,  light  consists  of  an  emanation  of  excessively  minute  particles  of  matter, 
projected  from  the  sun  and  other  luminous  sources  with  an  enormous  Telocity.  This 
theory,  which  was  advocated  by  Newton,  is  now  universally  superseded  by  the  undu- 
latory  theory.     (See  Undulatory  Theory  of  Light.) 

Correlation  of  Electricity.     (See  Electricity,  Correlation  of.) 

Correlation  of  the  Physical  Forces.  The  principle  that  any  one  of  the  various 
forms  of  physical  force  may  be  converted  into  one  or  more  of  the  other  forms.  The 
term  is  due  to  Mr.  Grove,  who  thus  explains  the  doctrine  to  which  it  was  applied. 
"  The  various  affections  of  matter  which  constitute  the  main  objects  of  experimental 
physics,  namely,  heat,  light,  electricity,  magnetism,  chemical  affinity,  and  motion, 
are  all  correlative,  or  have  a  reciprocal  dependence ;  that  neither,  taken  abstract- 
edly, can  be  said  to  be  the  essential  cause  of  the  others ;  but  that  either  can  produce 
or  be  convertible  into  any  of  the  others.  Thus  heat  may  mediately  or  immediately 
produce  electricity,  electricity  may  produce  heat,  and  so  of  the  rest,  each  merging 
itself  as  the  force  it  produces  becomes  developed ;  an^  that  the  same  may  bold  good 
of  other  forces,  it  being  an  irresistible  inference  from  observed  phenomena  that  a 
force  cannot  originate  otherwise  than  by  devolution  from  pre-existing  force  or 
forces.1'  It  is  now  generally  admitted  that  the  term  "  Transmutation"  more  accu- 
rately describes  this  relationship.    (See  Transmutation  of  Energy.) 

Correction  for  Capillarity.    See  Barometer. 

Corrosive  Sublimate.    See  Mercury,  Chlorides. 

Cor  Scorpii ;  or,  Cor  Scorpionis.  The  Scorpion1  s  Heart.  The  star  a  of  the 
Constellation  Scorpio.    (See  Scorpio.)    It  is  also  called  Antares. 

Corundum.  Pure  alumina  in  the  native  crystalline  state.  The  sapphire,  ruby, 
oriental  amethyst,  and  oriental  topaz,  are  called  precious  corundum,  being  crystal- 
lized alumina  tinged  with  some  coloring  matter,  whilst  adamantine  spar  and  emery 
are  called  common  corundum.  Its  hardness  is  next  to  that  of  the  diamond,  being 
nine  on  the  scale ;  specific  gravity  about  4.0.  It  is  infusible  before  the  blow-pipe, 
and  insoluble  in  acids;  it  is  somewhat  brittle  and  has  a  conchoidal  fracture.  The 
precious  varieties  are  transparent,  and  the  common  variety  translucent  or  opaque. 

Corvus.  (The  Crow.)  One  of  Ptolemy's  Southern  constellations.  It  consists 
of  a  group  of  stars  near  Hydra,  and  is  by  some  astronomers  regarded  as  a  portion  of 
that  constellation.  The  figure  of  the  group  somewhat  resembles  that  of  a  crow,  but 
not  in  the  attitude  usually  depicted  on  maps  and  charts.  The  head  should  be  near 
the  star  Kta,  not  near  Alpha. 

Cosmical.  (*oa /*«<>*•)  A  term  used  by  ancient  astronomers.  When  a  star  rose 
at  the  same  time  as  the  sun,  it  was  said  to  rise  cosmically.  So  the  cosmical  setting 
of  a  star  signified  the  coincidence  of  its  hour  of  setting  with  that  of  the  sun.  See 
A  crony  col ;  Heliacal. 

Couples.  ( Copula,  a  link.)  Two  equal  parallel  forces  acting  on  a  body  in  oppo- 
site directions  form  what  is  known  as  a  couple.  It  is  evident  that  such  a  combina- 
tion can  only  cause  the  body  to  rotate.  A  railway  turn-table  supplies  an  illustration. 
If  equal  forces  be  applied  at  each  extremity  of  the  same  diameter  in  opposite  direc- 
tions, the  turn-table  is  caused  to  rotate  about  its  centre,  together  with  the  engine  or 
carriage  placed  upon  it ;  and  it  is  obvious  that  in  such  a  case  no  motion  of  translation 
could  take  place  if  the  turn-table  were  free  to  move.  The  perpendicular  distance 
between  the  directions  of  the  forces,  is  called  the  arm  of  the  couple ;  and  the  per- 
pendicular to  the  plane  of  the  couple  at  the  middle  point  of  the  arm  is  termed  the 
axis  of  the  couple.  Referring  again  to  the  turn-table,  suppose  equal  forces  applied 
first  at  a  certain  distance  from  the  centre,  and  then  the  same  force  applied  at  double 
the  distance ;  the  effect  of  the  couple  in  the  second  case  would  be  twice  that  in 
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the  lint.  Now  suppose  the  points  of  application  to  remain  the  same,  but  the 
intensity  of  the  forces  to  be  doubled,  the  effect  of  the  couple  will  again  be  doubled ; 
and  if  the  forces  are  doubled,  and  also  the  distance  of  their  points  of  application  from 
the  centre,  the  effect  of  the  couple  is  quadrupled.  This  product  of  the  distance  of 
the  noint  of  application  by  the  intensity  of  the  forces  is  called  the  moment  of  the 
couple,  and,  generally,  the  effect  of  the  couple  is  measured  by  the  moments  of  the 
forces  about  the  axis,  and  so  long  as  the  moment  remains  the  same,  no  change  in 
the  couple  alters  its  effect  The  chief  laws  of  couples  are,  first,  that  if  points  be 
taken  either  in  fhe  arm  of  the  couple,  or  without  the  couple  but  in  its  plane,  the 
moment  of  the  couple  about  all  such  points  remains  constant ;  secondly,  that  two 
couples  are  equivalent  to  one  another  when  their  moments  are  equal.  From  these 
are  deduced,  as  subsidiary  laws:  (1)  A  couple  may  be  turned  in  its  own  plane 
through  any  angle,  at  any  point  in  its  arm,  without  altering  its  effect  (for  the  moment 
about  the  axis  is  not  thereby  changed) ;  (2)  A  couple  is  not  altered  by  being  moved 
parallel  to  itself;  (3)  Two  couples  are  equivalent  if  their  moments  are  equal  and  they 
act  in  the  same  direction.  A  couple  cannot  have  a  single  force  as  its  resultant,  and 
consequently  a  single  force  can  never  counteract  the  effect  of  a  couple.  But  a  num- 
ber of  couples  may  have  a  resultant  couple  possessing  the  combined  effect  of  all  the 
couples.  If  the  couples  act  in  the  same  plane  or  in  parallel  planes,  their  resultant 
is  a  couple,  whose  moment  is  the  sum  of  the  moments  of  the  couples ;  but  if  they  are 
in  planes  which  intersect,  the  resultant  couple  may  be  found  by  the  parallelogram 
of  couples,  a  method  analogous  to  the  parallelogram  of  forces.  As  a  general  fact, 
the  laws  of  the  composition  and  resolution  of  couples  are  similar  to  the  correspond- 
ing laws  of  single  forces,  the  axis  of  the  couple  corresponding  to  the  direction  of  the 
force,  and  the  moment  of  the  couple  to  the  magnitude  of  the  force. 

Coupling.  In  machinery  any  contrivance  for  connecting  permanently  or  occa- 
sionally the  different  moving  parts  of  the  machine.  The  term  is  applied  more  par- 
ticularly to  the  parts  forming  the  longitudinal  connections  of  the  shafts.  (See 
Burdianan's  Practical  Essays  on  Mill  Work.) 

Couronne  de  Tasses,    See  Crown  of  Cups. 

Crab.  A  machine  used  by  builders  and  others  for  raising  weights.  It  consists 
of  a  horizontal  axle  with  a  large  toothed  wheel  usually  turned  by  a  winch  and  a 
small  toothed  wheel.  The  rope  or  chain  wound  round  the  axle  may  be  made  to  pass 
in  any  direction,  as  for  instance  so  as  to  raise  weights  vertically,  by  a  suitable  ar- 
rangement of  pulleys. 

Crane.  A  compound  machine,  used  for  raising  heavy  weights,  and  at  the  same 
time  removing  them  some  distance  from  the  place  from  which  they  were  taken,  as  for 
instance  for  raising  goods  from  the  hold  of  a  ship  and  removing  them  to  the  quay. 
The  crane  usually  consists  of  a  wheel  and  axle  fixed  to  a  vertical  shaft  or  arbor,  and 
a  pulley  attached  to  the  end  of  a  projecting  arm.  The  shaft  rests  on  a  pivot  at  the 
lower  extremity,  and  is  supported  in  the  middle  by  a  metal  riug  let  into  a  block  of 
stone  into  which  works  a  set  of  wheels  called  friction  rollers.  The  arm  or  jib  is  fixed 
to  the  upper  extremity  of  the  shaft,  usually  at  an  angle  of  about  45°.  The  weight 
or  load  is  attached  to  a  chain  which  passes  over  the  pulley  at  the  end  of  the  jib,  and 
then  round  the  axle.  On  turning  the  winch  the  weight  is  raised  as  far  as  necessary, 
and  the  whole  machine  is  then  turned  on  the  pivot  until  the  weight  is  directly  over 
the  place  at  which  it  is  to  be  deposited,  where  it  is  allowed  gently  to  descend.  Steam 
cranes  are  now  in  common  use. 

Crank.  (Dutch,  faring,  a  circle.]  An  important  contrivance  in  the  process  of 
converting  a  rectilinear  motion,  as  tnat  of  the  piston  in  a  steam  engine,  into  a  motion 
of  rotation.  It  consists  usually  of  a  double  winch,  but  sometimes  is  only  single.  The 
part  between  the  two  elbow  joints  is  termed  the  arm  of  the  crank.  The  connecting 
rod  which  transmits  the  alternate  motion  due  to  the  power  is  attached  to  the 
crank  by  a  joint,  and  consequently  is  made  to  traverse  the  circumference  of  a  circle 
of  which  the  arm  is  the  radius,  and  so  to  produce  the  rotation  of  the  axis.  The  con- 
necting rod  has  its  greatest  effect  in  turning  the  crank  about  its  axis  only  when  it  is 
at  right  angles  to  the  arms;  and  in  every  other  position,  a  portion  of  its  force  is 
spent  in  pulling  the  crank  away  from  the  axle.  When  the  connecting  rod  is  in  a 
straight  line  with  the  crank  (which  occurs  twice  in  every  revolution)  it  has  no  ten- 
dency whatever  to  turn  the  crank  and  the  axle.  These  are  called  the  "  dead  points" 
of  a  machine,  and  were  it  not  for  the  momentnm  acquired  by  the  heavy  parts  of  the 
machine,  the  motion  would  cease  at  these  points.    As  it  is,  the  motion  must  be 


182 


CRATER.- 


-CROWN. 


greatly  retarded  at  the  dead  points,  and  correspondingly  increased  at  the  point*  of 
greatest  action,  if  do  other  method  of  equalizing  the  motion  were  available.  The 
variations  of  speed  resulting  from  the  alternating  action  of  the  piatoa-rod  an 
brought  within  very  narrow  limits  by  the  nee  of  the  fly-wheel.     (See  Fly-wheel.) 

CrateT.  (The  Cup.)  One  of  Ptolemy's  northern  constellations.  It  is  situated 
near  Corvus,  and,  like  that  constellation,  is  by  some  regarded  as  a  part  of  the  con- 
stellation Hydra.  The  star  Alpha  Crateris  has  greatly  decreased  in  magnitude 
since  Bayer's  time. 

Cream  of  Tartar.    See  Tartaric  Acid. 

Creatine.  (*p™$.  flesh.)  An  organic  base  obtained  from  the  mice  of  flesh.  la 
the  hydrated  condition  it  forms  clear  prismatic  crystals  of  the  formula  C,H?N,U,.H,0, 
which  dissolve  in  14.6  parts  of  water  at  64  F.,  and  are  very  soluble  in  boiling  water. 
Strong  acids  convert  creatine  into  creatinine  by  abstraction  of  the  elements  of  water. 

Creatinine.  One  of  the  normal  constituents  of  urine.  Like  urea  it  is  supposed 
to  be  a  product  of  oxidation ;  its  quantity  is  increased  by  animal  food.  {See  Crealin; 
Animal  Nutrition.) 

Creosote,  {xpiat.  flesh,  and  aJ^iw,  to  preserve.)  A  highly  antiseptic  liquid  of  a 
Strong  penetrating  odor  and  burning  taste.  Specific  gravity,  1.37.  Boiling  point, 
203°  U.  (397°  F.)  Formula,  CflH,0Or  Commercial  creosote  is  frequently  impure 
carbolic  acid  from  coal  tar,  but  true  creosote  is  a  distinct  body,  and  is  obtained  in  the 
distillation  of  wood  by  a  somewhat  complicated  process.  It  is  largely  nsed  as  an 
antiseptic,  and  to  prevent  decomposition  of  animal  matter,  and  it  is  to  th is  substance 
that  wood-vinegar  and  wood-smoke  owe  their  preservative  properties. 

Cresylic  Alcohol.  An  oily  liquid  extracted  from  the  coal-tar,  homologous  with 
phenylic  alcohol  or  carbolic  acid.  Most  of  the  impure  liqnid  carbolic  acid  of  com- 
merce really  consists  of  cresvlic  alcohol,  and  as  such  it  is  used  in  enormous  Quanti- 
ties for  antiseptic  and  disinfecting  purposes.  Formula,  C;HB0.  It  is  a  colorless 
Strongly  refracting  liqnid,  boiling  at  203°  C.  (3970  F.),  slightly  soluble  in  water,  and 
miscible  in  all  proper  proportions  with  alcohol  and  ether. 

Critical  Point  of  Temperature.  See  Matter,  Continuity  of  Liquid  and  ffo* 
tout  State*  of. 

Crowbar.  (So  called  from  the  end  of  the  bar  being  sharpened  like  a  crow's 
beak.)  A  straight  lever  of  the  first  kind  used  by  workmen  to  raise  heavy  weights, 
stones,  etc.  The  fulcrum  is  the  stone  or  block  placed  at  a  short  distance  from  the 
end  to  support  the  lever;  the  weight  is  the  stone  to  be  lifted,  and  is  placed  at  the 
end  near  the  fulcrum ;  the  power  is  the  manual  force  applied  at  the  other  end  of  the 
bar.  The  mechanical  advantage  of  the  crowbar  depends  on  the  distance  between 
the  hand  and  the  fulcrum  compared  with  the  distance  between  the  weight  and  the 
fulcrum.    (See  Lever.) 

Crown  Wheel.  (Fig.  28.)  The  teeth  of  the  crown  wheel  are  set  parallel  to  its 
angles  to  the  : '  '' 


axis,  and  at  right  angles 


a  to  appear  o; 


n  of  the  wheel ;  and 


Fig.  28. 


being  made  of  suitable  size  they  work  readily  in  the  teeth  of  an  ordinary  spur  wheel, 
having  its  axis  at  right  angles  to  that  of  the  crown  wheel.  It  is  the  usual  method 
adopted  in  clock-work  when  transformation  of  motion  to  the  extent  of  90°  is  required. 
(See  Horology  ;  Bevelled  Wheel.) 

Crown  of  Cups;  or  Couronne  de  Tone*.    A  simple  form  of  battery  invented 
by  Yolta.     It  consists  of  a  series  of  plates  of  copper  and  zinc  placed  in  dilute  sul- 
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Mad,  the  copper  of  one  being  connected  with  the  zinc  of  the  next,  and  m 
made  small  and  arranged  in  a  circle,  s    "    '   " 


Fig.  29. 


.  »  that  the  extremities  of  the 
chain  were  brought  near  to  each  other,  hence  the  name.  On  connecting  the  first 
copper  with  the  last  ainc,  by  means  of  a  wire,  a  current,  according  to  our  conven- 
tional language,  pasties  from  the  copper  through  the  wire  to  the  zinc.  The  appa- 
ratus baa  little  more  than  historical  interest,  better  forms  of  battery  having  been  since 
constructed ;  and  even  in  the  case  of  using  copper  and  zinc  elements  the  plates  and 
cells  are  made  very  much  larger  than  those  of  Volta's  crown  of  cops. 

Crux.  (Abbreviated  for  Crux  Australia,  the  Southern  Cross.)  A  southern  con- 
stellation devised  by  Rover.  Its  four  principal  stars  form  a  cross,  though  the;  are 
considerably  unequal  in  magnitude.  The  upright  of  the  cross  points  to  the  southern 
pole,  where,  however,  there  is  no  conspicuous  pole-star.  Within  the  constellation 
Crux  n  the  singular  vacuity  in  the  Milky  Way.  known  as  the  Coalsack.  This  va- 
cuity is  not  only  bee  from  the  stars  forming  the  Milky  Light  of  the  Galaxy,  but  also 
from  lncid  stars.    Within  its  range,  however,  many  telescopic  stare  can  be  detected. 

Cryophonu.  {**»»«,  ice,  and  &<pu,  to  bear.)  An  instrument  invented  by  Dr. 
Wollaston  (see  Philosophical  Transactions  for  1813),  for  showing  the  cold  pro- 
duced by  evaporation.  It  consists  of  two  glass  bnlbs, 
usually  1}  to  2  inches  in  diameter,  united  by  a  tube  one 
or  two  feet  long,  bent  at  a  right  angle  at  each  end  for 
two  or  three  inches  of  its  length.  (Tig.  29.)  One  of 
the  bnlbs  is  half  filled  with  water,  which  is  boiled  until 
all  the  air  has  been  expelled  from  the  instrument,  through 
a  small  bole  at  the  opposite  extremity,  which  is  then  her- 
metically sealed.  We  have  now,  therefore,  a  mass  of 
water  in  a  vacuum  containing  aqueous  vapor  given  off 
from  the  water.  The  empty  bnlb  is  placed  in  a  beaker 
and  surrounded  by  a  freezing  mixture  of  ice  and  salt, 
which  condenses  the  aqueous  vapor  in  the  bulb  into  water, 
and  fresh  vapor  is  supplied  bv  the  water  in  (he  distant 
bnlb;  ultimately  this  water  is  frozen.  The  instrument  for 
this  reason  has  received  the  name  of  ice-bearer,  or  carrier 
of  cold.  We  know  that  heat  determines  the  form  in  which 
matter  exists  (see  Expansion),  and  that  a  gas  is  a  liquid 
plia  heat,  and  therefore  requires  heat  for  its  production. 
Now  in  the  cryophorus  we  nave  a  certain  amount  of  aque- 
ous vapor,  the  pressure  of  which  upon  the  water  in  the 
distant  bulb  prevents  further  evaporation,  in  fact  the 
vacuum  is  saturated ;  but  when  the  vapor  is  condensed  by 
the  freezing  mixture,  the  pressure  disappears  and  the  water 
emits  its  vapor  into  the  resulting  vacuum,  and  thereby 

loses  heat,  since  the  water  requires  neat  before  it  can  become  vapor  ;  when  this  vapor 
is  condensed  a  further  quantity  is  supplied  by  the  water  which  is  still  more  chilled, 
and  this  action  continues  until  it  is  frozen  by  its  own  evaporation.  (See  also 
Evaporation. ) 

Crystalline  Humor.  The  contents  of  the  crystalline  Una  of  the  eye  is  called 
the  crystalline  humor.     (See  Eye.) 

Crystalline  Lens,  (■fworou**,  ice.)  The  lens  of  the  eye  containing  the  crystal- 
line humor.    (See  Eve.) 

Crystallisation,  Action  of  Light  on.  When  a  saline  solution  contained  in  a 
glass  dish  is  set  aside  to  crystallize,  the  crystals  form  first  on  the  side  nearest  to  or 
most  exposed  to  the  light.  So  also  camphor,  iodine,  napthalin,  chloride  of  carbon, 
etc.,  which  form  vapor  by  spontaneous  sublimation,  deposit  crystals  on  the  side  of 
the  glass  most  exposed  to  the  light.  Water  and  other  liquids  deposit  globules  of 
moisture  generally  on  the  most  illuminated  side  of  the  vessels  containing  them.  In 
the  vacuum  of  a  barometer,  vapor  of  mercury  similarly  condenses  on  the  side  most 
exposed  to  light.  Hence  it  was  long  supposed  that  light  exerted  some  subtle  action 
in  promoting  crystallization,  etc.,  until  Mr.  Tomlinson  showed  (Phil.  Mag..  Nov. 
1862)  that  these  deposits  arc  due  simply  to  differences  in  temperature.  The  side  of 
the  vessel  most  exposed  to  the  light  is  generally  the  coldest,  and  hence  it  was  natural 
to  suppose  that  light  and  not  heat  was  the  efficient  cause ;  but  Mr.  Tomlinson  showed 
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that  similar  effects  could  be  produced  in  the  dork,  provided  one  part  of  the  vessel 
were  made  colder  than  the  other;  or  iu  the  full  light  of  da;,  and  even  iu  sunshine, 
when  the  apparatus  was  so  arranged  that  one  part  of  each  vessel  had  a  different 
temperature  as  compared  with  another  part.  The  same  cause  which  produces  dew 
also  accounts  for  the  phenomena  in  question. 

Crystallography.  Almost  all  solid  chemical  compounds,  when  slowly  formed, 
assume  a  regular  shape,  bounded  by  plane  surfaces.  The  science  of  crystallography 
treats  of  the  laws  by  which  these  snrfaccs  are  disposed  one  to  the  other.  Crystals 
are  assumed  to  possess  certain  axes,  and  the  form  is  determined  by  the  relation 
which  the  plane  surface  bears  to  these  axes.  Although  the  forms  iu  which  bodies 
crystallize  are  almost  infinitely  varied,  it  has  been  found  that  they  may  be  classified 
into  seven  crystal] ographic  systems.     These  are  briefly  as  follows": — 

1.  The  regular  cubic  or  monomttric  system.  (Fig.  30.) — These  crystals  are 
symmetrical  about  three  rectangular  axes ;  the  simplest  forms  are  the  cube  and  reg- 

Fig.  30. 


ular  octahedron.    The  following  substances  crystallise  in  this  system — diamond, 
most  metals,  chloride  of  sodium,  fluorspar,  alum. 

2.  The  quadratic  or  dimetric  system.     (Fig.  31.)— These  crystals  are  symmetri- 
cal about  three  axes,  which  are  rectangular,  but  only  two  of  equal  length,  the  third 


being  different.     Amongst  the  substances  which  crystallize  in  this  system,  may  be 
mentioned  sulphate  of  nickel,  tungstate  of  lead,  and  double  chloride  of  potassium 


possess  four  axes,  three  being  equal  in  length,  situated  in  one  plane,  and  inclined 
Fig.  32. 
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Amongst  crystals  of  this  system  may  be  mentioned  quartz,  beryl,  and  calcspRr. 
4.  Rhombic  or  trimetrtc  system.     (Fig.  33.) — These  crystals  have  three  rectan- 


gular axes  all  of  different  lengths.  Amongst  crystals  of  this  form  may  be  mentioned 
sulphate  of  potassium,  nitrate  of  potassium,  sulphate  of  barium,  and  sulphate  of 
magnesium. 

5.   Oblique  prismatic  or  monoclinic.     (Fig.  34.) — These  have  two  axes  obliquely 


inclined,  and  a  third  at  right  angles  to  the  plane  of  these  two.  all  three  being  un- 
equal. Amongst  crystals  of  this  form  may  bo  mentioned  ferrous  sulphate,  sugar, 
gypsum,  and  tartaric  acid. 

6.  Didinic  system. — In  this  there  are  two  axes  at  right  angles,  and  a  third  oblique 
to  the  plane  of  these  two,  the  primary  form  being  a  symmetrical  eight-sided  pyramid. 

7.  Doubly  oblique  prismatic  or  tridinic.     (Fig.  35.)— In  this  system  the  three 


■iDclpalimi,Mb«f( 


axes  are  all  inclined  obliquely,  and  of  equal  length.     Amongst  crystals  of  this  form 
may  be  mentioned  sulphate  of  copper. 

Crystals  frequently  cleave  much  more  easily  in  one  direction  than  in  another ; 
thus  mica  may  be  divided  into  lamina?  by  the  fingers ;  calcspnr  breaks  up  into  rhombs 
by  a  blow  with  the  hammer,  and  galena  in  a  similar  manner  into  cuhes.  The  dia- 
mond is  frequently  divided  by  placing  a  sharp  steel  edge  along  its  line  of  cleavage, 
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and  tapping  sharply  with  a  hammer.  The  angles  of  crystals  are  measured  by  an 
instrument  called  a  Goniometer,  which  see. 

Crystalloid.     See  Dialysis. 

Crystals,  Colored  Rings  in.  When  a  slice  of  a  double  refracting  crystal,  cut 
at  right  angles  to  its  optic  axis,  is  examined  in  the  polariscope,  a  system  of  colored 
rings  are  observed,  surrounding  a  black  cross  in  one  position  of  the  analyzer,  which 
changes  to  a  white  cross  in  another  position.  The  rings  are  circular  in  uni-axial 
crystals,  and  more  or  less  eliptical  in  biaxial  crystals,  (bee  Polariscope;  Polariza- 
tion.) 

Crystals,  Dichroic.     See  Dichroic  Crystals. 

Crystals,  Double  Refraction  o£  Many  crystals  possess  the  power  of  double 
refraction — that  is,  of  dividing  a  ray  of  common  light  into  its  two  component  rays 
oppositely  polarized.  These  two  rays  traverse  the  crystal  with  different  velocities 
and  in  different  directions.  Crystals  of  Iceland  spar  or  calcspar  possess  this  property 
in  a  very  high  degree,  and  are  frequently  employed  in  optical  research.  (See  Polar* 
ization  of  Light ;  polarization  by  Double  Kef  raction)  This  property  is  not  pos- 
sessed by  all  crystals ;  some  have  only  single  refraction,  and  act  like  an  ordinary 
transparent  medium. 

Crystals,  Optic  Axes  of.    See  Optic  Axes  of  Crystals. 

Cnbic  Nitre.    See  Nitrates,  Nitrate  of  Sodium. 

Culmination.  ( Culmen,  the  summit.)  The  passage  of  a  heavenly  body  across 
the  celestial  meridian.  We  sometimes  meet  with  the  expression  meridional  culmin- 
ation. It  is,  however,  incorrect,  as  the  culmination  of  a  heavenly  body  is  necessarily 
meridional. 

Cumulus.     (Aheap.)    A  form  of  cloud.     (Sec  Cloud.) 

Cupellation.  A  method  of  separating  silver  or  gold  from  lead.  Owing  to  its 
easy  fusibility,  and  the  ready  way  in  which  it  unites  with  these  precious  metals,  lead 
and  its  compounds  are  frequently  smelted  with  substances  containing  small  portions 
of  gold  and  silver,  when  the  reduced  lead  unites  with  and  carries  down  with  it  these 
metals.  This  affords  a  method  of  accumulating  all  the  gold  or  silver  into  a  button 
of  lead,  and  the  cupellation  process  is  then  adopted  to  effect  the  further  separation. 
It  may  be  carried  out  on  a  very  large  scale,  as  in  lead-works,  where  the  cupels  are 
several  feet  in  diameter,  and  sometimes  contain  cakes  of  silver  weighing  many 
thousand  ounces ;  or  it  is  employed,  on  the  small  scale,  for  assay  purposes,  in  whicn 
case  the  cupels  are  from  1  to  2  inches  in  diameter,  and  the  resulting  bed  of  silver  or 
gold  sometimes  does  not  weigh  more  than  a  minute  fraction  of  a  grain.  In  either 
case,  however,  the  principle  is  the  same.  The  cupel,  as  the  vessel  is  termed  in  which 
the  operation  is  effected,  is  a  very  thick  but  shallow  basin,  made  of  bone  ash,  beaten 
up  with  water,  and  dried.  This  forms  a  very  porous  and  absorbent  material,  which 
sucks  up  melted  oxide  of  lead  in  the  same  way  that  blotting  paper  will  suck  up 
water,  whilst  it  has  no  absorbent  powers  for  melted  metals.  The  cupel  is  heated  in 
a  furnace  to  full  redness,  and  the  lead  is  put  in  it,  being  protected  by  an  arched  clay 
cover  from  the  action  of  the  smoke  or  furnace  gases,  whilst,  at  the  same  time,  a 
strong  current  of  air  passes  over  its  surface.  The  heat  is  raised  to  such  an  extent 
that  the  lead  not  only  melts,  but  the  oxide  which  rapidly  forms  on  its  surface  like- 
wise melts,  and  is  absorbed  by  the  body  of  the  cupel,  thus  constantly  exposing  a 
clean  surface  to  the  action  of  the  air.  The  metallic  button  rapidly  diminishes  in 
size,  the  lead  being  absorbed  into  the  cupel,  whilst  the  precious  metal  remains  un- 
affected, until  ultimately  the  whole  of  the  lead  is  removed,  and  nothing  is  left  but  a 
button  of  pure  gold  or  silver.  On  the  large  scale,  and  sometimes,  also,  in  assay  oper- 
ations, an  absorbent  cupel  of  bone  ash  is  not  used,  but  what  is  termed  a  scarifier  is 
employed  instead.  This  is  a  non-absorbent  clay  vessel,  and  the  oxide  of  lead  as  it 
forms  is  allowed  to  accumulate,  until  it  runs  off  through  a  channel  at  one  side,  or  it 
is  removed  by  other  means. 

Current,  Electric.  To  explain  what  is  meant  by  an  electric  current,  let  us  sup- 
pose a  wire  connected  with  the  ground  to  be  applied  to  the  prime  conductor  of  an 
electric  machine  while  it  is  being  worked.  The  prime  conductor  is  thus  discharged, 
and  according  to  common  phraseology,  the  electricity  passes  through  the  wire  to  the 
ground.  This  passage  of  the  electricity  is  called  an  electric  current;  and  it  is  found 
that  during  the  passage  of  the  electricity  the  wire  acquires  certain  temporary  prop- 
erties which  are  said  to  be  due  to  the  electric  current.    There  are  other  ways  of 
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producing  an  electric  current  besides  that  just  mentioned.  Thus,  if  a  plate  of  zinc 
and  »  plate  of  copper  be  partially  immersed  in  dilate  sulphuric  acid  without  touch- 
ing each  other  or  any  conductor,  the  copper  will  be  found  positively  electrified,  and 
the  sine  will  be  found  negatively  electrified,  and  on  connecting  them  by  means  of  a 
wire,  discharge  or  passage  of  electricity  through  the  wire  will  take  place,  and  will 
be  kept  up  as  long  as  the  zinc  and  sulphuric  acid  are  not  used  up  by  chemical  ac- 
tion. The  wire  connecting  the  copper  and  zinc  is  found  to  have  the  very  same 
properties  as  the  wire  connecting  tne  prime  conductor  and  the  ground.  We  say 
then  that  a  current  is  passing  through  it ;  and  by  convention  we  say  that  the  cur- 
rent takes  place  from  a  positive  place  to  a  negative ;  that  is,  in  this  instance,  from 
the  copper  through  the  connecting  wire  to  the  zinc.  We  can  only  refer  here  to  the 
general  properties  of  an  electric  current  and  to  the  sources  of  currents,  and  indicate 
where  detailed  information  on  the  various  points  may  be  found. 

The  most  important  property  which  an  electric  current  has  is  perhaps  its  effect 
upon  a  magnetized  needle  suspended  in  its  vicinity,  since  it  is  generally  by  means  of 
this  action  that  the  existence  of  a  current  is  detected,  and  its  strength  measured. 
When  a  magnetized  needle  is  suspended  so  as  to  be  capable  of  turning  about  an 
axis  perpendicular  to  its  length,  as  is  the  case  with  a  common  compass  needle,  and 
is  brought  near  to  a  wire  through  which  a  current  is  passing,  the  needle  tends  to 
turn  its  length  at  right  angles  to  the  direction  of  the  current.  If,  then,  the  current 
be  flowing  in  the  north  and  south  direction,  and  if  the  needle  is  suspended  so  as  to 
be  influenced  bv  the  earth,  the  current  will  tend  to  turn  it  east  and  west,  the  earth 
to  turn  it  north  and  south,  and  the  position  of  equilibrium  will  depend  upon  the 
power  of  the  current  compared  with  the  directive  force  of  the  earth's  magnetism.  It 
is  upon  this  principle  that  the  galvanometer  or  current  measure  is  founded.  A  pain, 
if  there  be  two  wires  near  to  each  other,  each  of  them  conducting  a  current,  and  one 
or  both  able  to  turn  about  an  axis  at  right  angles  to  the  direction  of  the  current, 
the  wires  will  place  themselves  so  that  the  directions  of  the  currents  are  parallel  to 
each  other,  and  when  in  this  position  they  will  exert  upon  each  other  an  attractive 
force.  The  action  of  currents  upon  magnets  and  of  currents  on  currents  is  fully  dis- 
cussed under  Electro-dynamic*  and  Electro-magnetism. 

The  properties  of  currents  with  respect  to  the  conductors  which  carry  them  are, 
perhaps,  next  in  importance.  As  is  explained  under  Conductor  and  Resistance, 
there  are  very  marked  differences  in  the  powers  which  various  substances  have  of 
transmitting  a  current  proceeding  from  a  given  source.  There  are  some  bodies 
which  will  scarcely  permit  it  to  pass  at  all,  others  which  permit  it  to  pass  very  freely, 
and  between  these  extremes  substances  offering  every  grade  of  resistance  great  and 
small  to  the  passage  of  it.  Again,  in  the  same  substance  the  conduction  depends 
very  much  upon  the  dimensions  of  the  conductor.  A  long  wire  offers  much  more 
resistance  than  a  short  one,  and  a  thin  wire  much  more  than  a  thick  one.  The 
effect  of  the  resistance  of  the  conductor  is  to  diminish  the  strength  of  the  current ; 
that  is,  the  quantity  of  electricity  which  passes  in  a  given  time.  Thus,  taking  the 
same  battery  and  introducing  wires  of  different  resisting  powers,  it  is  found  that  the 
whole  action  is  diminished  in  proportion  to  the  resistance  introduced.  The  resisting 
of  the  current  at  one  part  of  the  circuit  diminishes  it  at  all  parts ;  for  the  law  holds 
that  at  any  one  time  the  same  quantity  of  electricity  is  passing  through  every  sec- 
tion of  the  circuit.  Resistance  to  the  current  gives  rise  to  heat  at  the  place  where 
the  resistance  takes  place.  Thus,  if  a  fine  platinum  wire  be  inserted  between  the 
two  poles  of  the  battery,  it  may  easily  be  heated  to  red  or  white  heat,  or  even  to  the 
melting  temperature.  The  amount  of  heat  developed  depends  upon  the  resistance 
offered,  and  is  simply  proportional  to  it.  It  is  also  proportional  to  the  square  of 
the  strength  of  the  current.  Some  further  remarks  upon  this  point  will  be  found 
under  Electricity,  Correlation  of;  Current,  Heating  Effects  of. 

We  now  turn  to  the  chemical  effects  of  the  electric  current,  mentioning  merely 
the  general  laws,  and  reserving  the  full  discussion  of  the  subject  for  our  article  on 
Electrolysis.  When  a  current  is  passed  through  a  conducting  liquid  containing  a 
salt,  it  in  general  decomposes  the  salt,  breaking  it  up  into  two  portions,  one  of  which 
goes  to  the  place  at  which  the  current  enters  the  liquid,  the  other  to  that  at  which 
it  leaves  it.  The  metal  of  the  salt,  or  what  corresponds  to  it,  goes  to  the  latter ; 
the  halogen,  or  what  corresponds  to  it,  goes  to  the  other.  Thus  iodide  of  potassium 
breaks  up  into  potassium  and  iodine,  the  potassium  goes  to  the  side  which  is  con- 
nected with  the  zinc  end  of  the  pile  or  battery,  the  iodine  to  that  which  is  connected 
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with  the  copper  end.  The  amount  of  decomposition  which  takes  place  in  a  given 
time  is  proportional  to  the  strength  of  the  current ;  and,  if  there  be  several  liquids 
in  the  same  circuit,  each  having  a  different  salt  to  be  decomposed,  the  quantities 
decomposed  in  each,  during  the  same  time,  are  proportional  to  the  atomic  weights 
of  the  elements  of  which  the  salts  are  composed.  Thus  if  there  be  two  cells,  one 
containing  solution  of  iodide  of  potassium,  and  the  other  solution  of  common  salt 
(chloride  of  sodium),  for  every  127  parts  of  iodine  set  free,  there  will  be  35.5  of  chlo- 
rine ;  and,  at  the  same  time,  39.1  parts  of  potassium,  and  23  parts  of  sodium.  These 
numbers  are  the  atomic  weights  of  the  respective  elements. 

Lastly,  we  mention  the  physiological  effects  of  the  electric  current.  It  was  by 
means  of  these  that  current  electricity  was  discovered  by  Galvani.  While  using  the 
lower  limbs  of  a  newly  killed  frog  as  a  very  delicate  kind  of  electroscope,  he  wag 
startled  to  find  that  the  contact  of  a  compound  bar  of  copper  and  iron  produced  a 
violent  convulsion  or  contraction  of  the  muscles,  when  the  copper  and  iron  ends  of 
the  bar  were  made  to  touch  two  separate  portions  of  the  body  at  the  same  time. 
(See  Galvanism.)  There  is  nothing  so  delicate  as  the  limbs  of  a  frog  for  detecting 
this  action,  but  with  a  few  cells  of  a  battery,  a  contraction  of  the  muscles  and  shock 
are  easily  felt  on  opening  and  closing  the  circuit.  If  a  copper  and  zinc  plate  be  put 
one  above  the  tongue  and  the  other  below,  and  made  to  touch  each  other,  a  peculiar 
taste  or  sensation  in  the  tongue  is  felt  which  is  due  to  the  passage  of  electricity. 
This  sensation  is  extremely  delicate.  A  battery  quite  unable  to  give  a  telegraphic 
signal,  with  an  ordinary  instrument,  may  readily  be  made  to  give  the  electric  tad*. 
If  plates  of  platinum,  coming  one  from  each  end  of  a  battery,  are  placed  between 
the  gums  and  the  cheeks,  on  completing  or  on  breaking  the  circuit,  a  flash  of  light 
is  seen  before  the  eyes;  and  if  the  wires  coming  from  the  ends  of  a  battery  of  30 
cells  are  inserted  in  the  ears,  a  peculiar  continuous  sound  is  heard.  (See  Electricity, 
Physiological  Effects ;  Electricity,  Animal,  etc.) 

The  most  important  source  of  the  electric  current  is  chemical  action.  As  has  been 
already  mentioned,  a  current  is  produced  when  a  plate  of  zinc  and  a  plate  of  copper 
are  immersed  in  dilute  sulphuric  acid,  and  connected  outside  the  liquid  by  means  of 
a  wire  or  other  conductor ;  and  we  have  defined  the  direction  of  the  current  to  be 
from  the  copper  through  the  wire  to  the  zinc.  There  are  many  other  forms  of  cell 
iu  which  chemical  action  is  made  use  of  as  the  sustainer  of  the  current,  and  these 
are  described  under  Battery,  Galvanic,  and  under  their  several  names.  (See  BaU 
tery,  Galvanic.) 

Heat  is  another  source  of  the  electric  current.  When  two  bars  of  different  metals 
are  joined  together  at  the  ends  so  as  to  form  one  compound  circuit,  then  if  one  of  the 
junctions  be  kept  at  a  higher  temperature  than  the  other,  a  current  will  pass  in  the 
circuit  in  a  direction  depending  upon  the  nature  of  the  metals,  but  perfectly  definite 
when  the  two  metals  are  known.     (See  Thermo- Electricity  and  Thermopile.) 

The  last  source  of  the  electric  current  is  induction,  which,  however,  must  be  care- 
fully distinguished  from  statical  induction,  as  a  source  of  electric  excitement.  When 
a  wire,  through  which  a  current  is  passing,  is  brought  near  to  a  second  wire  which 
is  formed  into  a  closed  circuit  by  joining  its  ends  together,  a  temporary  current  is 
produced  in  the  latter ;  and,  on  again  carrying  it  away,  a  temporary  current  is  pro- 
duced in  the  opposite  direction ;  or  if  we  place  in  the*  vicinity  of  a  wire  forming  a 
closed  circuit,  another  wire  which  can  be  suddenly  connected  with  and  disconnected 
from  a  battery,  a  current  in  one  direction  is  induced  in  the  closed  wire  each  time 
the  connection  is  made  with  the  battery,  and  a  current  in  the  opposite  direction  each 
time  it  is  broken.  Again,  when  a  magnet  is  brought  near  to  a  closed  wire  or  carried 
away  from  it,  a  current  is  produced.  If,  for  example,  a  magnet  be  suddenly  dropped 
into  the  middle  of  a  coil  of  wire,  a  temporary  current  circulates  the  coil,  and  ii  the 
magnet  be  suddenly  withdrawn,  a  current  passes  through  the  coil  in  the  opposite 
direction.  The  subject  of  induced  currents  is  treated  of  under  Induction.  Electro- 
dynamic.  They  are  of  great  importance  to  us ;  for  though  they  are,  as  we  have 
mentioned,  only  temporary,  they  can  be  made  use  of  by  means  of  proper  arrange- 
ments for  producing  them ;  and  they  possess  the  properties  of  having  a  high  power 
for  overcoming  resistance  together  with  very  considerable  quantity.  (See  Induc- 
tion, Electro-dynamic  ;  Induction  Coil ;  Current,  Induced.) 

Current,  Extra.  It  is  explained  under  Current,  Electric,  that  a  current  sud- 
denly generated  or  stopped  in  a  wire  connected  with  a  battery  induces  a  temporary 
current  in  another  wire  placed  near  to  it.    But  this  action  is  even  more  extensive ; 
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for  the  current  passing  in  a  wire  acts  inductively  upon  the  wire  which  transmits  it ; 
mnd  at  the  moment  when  it  begins  to  pass,  and  at  the  moment  when  it  ceases,  pro- 
duces currents,  the  first  inverse,  the  second  direct.  These  are  called  extra  currents. 
The  effect  of  the  first,  which  is  produced  at  the  instant  of  making  connection  with 
the  battery,  is  simply  to  retard  the  primary  current  and  to  prevent  its  instantaneous 
transmission  through  the  wire ;  the  second,  occurring  at  the  cessation  of  the  primary 
eurent,  lengthens  out  its  existence,  and  that  with  increased  power.  The  properties 
of  the  extra  currents  are  similar  to  those  of  ordinary  induced  currents ;  they  possess 
considerable  quantity  combined  with  high  power  of  overcoming  resistance,  and  thus 
exhibit  at  the  same  time  calorific,  chemical,  and  violent  physiological  effects.  To 
examine  them  it  is  necessary  to  avoid  the  effect  of  primary  current  upon  the  instru- 
ments for  measuring.  Edlund,  who  has  investigated  the  question,  has  given  the 
following  laws  regarding  them : — 

The  extra  currents  obtained  on  opening  and  on  closing  the  circuit  have  the 
wame  electromotive  force. 

The  electromotive  force  of  the  extra  current  is  proportional  to  the  strength  of 
the  primary  current. 

Current,  Heating  Effects  Of.  The  laws  of  the  production  of  heat  by  the  electric 
current  have  been  investigated  by  Joule  in  connection  with  his  determination  of  the 
dynamical  equivalent  of  heat.  The  passage  of  an  electric  current  gives  rise  to  a 
certain  amount  of  heat,  which  may  be  produced  within  the  pile  or  cell  itself,  in  the 
interpolar  wire,  or  in  both.  The  following  are  the  laws  according  to  which  the  heat 
is  generated : — 

(1.)  The  total  quantity  of  heat  produced  in  the  cell  and  in  the  wire  in  a  given 
time  is  proportional  to  the  electromotive  force,  and  to  the  quantity  of  electricity 
which  has  passed  in  the  circuit  in  that  time ;  or,  in  other  words,  it  depends  on  the 
construction  of  the  cell,  since  the  electromotive  force  depends  on  that,  and  on  the 
amount  of  chemical  action  (excluding,  of  course,  local  action  on  the  plates)  which 
has  gone  on  within  it,  since  the  quantity  of  electricity  depends  upon  that. 

(2.)  This  heat  is  distributed  between  the  interior  of  the  cell  and  the  interpolar 
wire  in  simple  proportion  to  the  resistance  in  each. 

Another  way  of  stating  the  same  laws  is  that  the  heat  generated  in  any  part  of 
the  circuit,  suppose  in  the  interpolar  wire,  is  proportional  to  the  resistance  of  it  and 
to  the  square  or  the  strength  of  the  current.  It  appears  from  this  that,  by  increasing 
the  strength  of  the  current  or  the  resistance  of  the  wire,  any  temperature  may  be 
obtained ;  and,  in  fact,  it  is  easy,  by  using  a  fine  wire  so  as  to  give  great  resistance, 
and  a  sufficiently  powerful  battery  to  produce  a  considerable  current  through  it,  to 
obtain  a  heat  so  intense  as  to  fuse  the  wire  however  refractory.  The  heat  of  the 
current  has  been  employed,  together  with  that  of  the  sun's  rays,  to  melt  very  infusi- 
ble minerals,  and  even  the  diamond  and  plumbago  have  yielded  to  its  power. 

Current,  Induced.  As  has  been  stated  under  Current,  Electric,  tne  production 
or  stoppage  of  a  current  in  the  vicinity  of  a  wire  formed  into  a  closed  circuit  gives 
rise  to  a  temporary  current  in  it.  The  current  thus  produced  is  called  an  induced 
current,  and  the  phenomenon  is  spoken  of  as  current  induction.  Suppose  that  we 
have  two  wires,  one  of  them  formed  into  a  closed  circuit,  including  a  galvanometer 
in  it,  and  the  other  arranged  in  connection  with  a  battery  and  key  so  that  a  current 
may  be  sent  through  it  and  stopped  at  pleasure,  and  let  portions  of  the  two  wires  be 
lain  parallel  and  near  to  each  other.  Tnen,  on  suddenly  making  connection  with  the 
battery  and  thus  sending  the  current  through  the  wire  joined  to  it,  the  galvanometer 
will  be  affected,  showing  that  a  current  has  traversed  the  other  wire.  But  the 
needle  soon  falls  back  to  its  place,  the  current  being  only  momentary;  now  on  again 
breaking  connection  with  the  battery  and  thus  stopping  the  current  in  the  first 
wire,  a  temporary  deflection  of  the  galvanometer  will  again  occur,  and  in  the  oppo- 
site direction  to  that  which  took  place  before,  showing  that  a  second  transient 
current  has  been  produced,  and  contrary  in  direction  to  the  first.  Also  on  compar- 
ing the  direction  of  the  primary  current,  as  that  from  the  battery  is  called,  with 
that  of  the  secondary  or  induced  current  in  the  parts  of  the  wire  that  are  parallel, 
it  is  found  that  the  direction  of  the  induced  current  obtained  on  making  connection 
with  the  battery  is  opposite  to  that  of  the  primary  current,  that  of  the  induced  cur- 
rent obtained  on  breaking  connection  witn  the  battery  is  the  same  as  that  of  the 
primary  current  The  first  is  called  the  inverse  current,  the  second  the  direct 
current. 
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and  the  amount  of  gas  given  off  is  collected  and  measured.  The  strength  of  the 
current  is  thus  proportional  to  the  amount  of  gas  produced  in  a  given  time,  and 
unit  strength  might  be  defined  to  be  such  that  a  current  of  unit  strength  would  pro- 
duce one  cubic  inch  of  gas  per  minute.  We  cannot,  however,  make  use  of  this 
method  to  measure  the  current  which  a  given  cell  or  battery  can  produce ;  for  the 
introduction  into  the  circuit  of  such  high  resistance  as  that  of  a  decomposing  cell, 
very  much  decreases  the  current  actually  transmitted  by  the  cell  or  battery.  But 
by  making  use  of  a  galvanometer  in  connection  with  the  voltameter,  this  measure- 
ment may  be  accomplished.  If  the  current  be  passed  through  a  tangent  galvanom- 
eter (see  Galvanometer),  the  strength  of  the  current  is  proportional  to  the  tangent 
of  the  angle  through  which  the  needle  is  deflected.  By  including,  therefore,  a  volt- 
ameter and  a  tangent  galvanometer  in  one  circuit,  and  noticing  the  quantity  of  gas 
given  off  in  a  certain  time,  while  the  galvanometer  indication  is  also  noted,  the  rela- 
tion of  the  former  to  the  latter  may  be  once  for  all  determined,  and  the  strength  of 
any  current  thenceforward  determined  by  a  simple  calculation  from  the  deflection  of 
the  galvanometer. 

Current,  Partial.     See  Derived  Currents. 

Current,  Principal.     See  Derived  Currents. 

Current,  Thermal.    See  Thermo- Current;  Thermo-Electricity. 

Currents  of  the  Sea,  the  Effect  of,  on  Climate.    See  Climate. 

Cnrsa.    (Arabic.)    The  star  j3  of  the  constellation  Eridanus. 

Carve  of  Spaces.  In  kinematics  the  curve  whose  ordinates  are  proportional  to 
the  spaces  passed  over  by  a  moving  body  in  times  proportional  to  the  abscissae.  If 
points  be  taken  on  a  straight  line  at  distances  proportional  to  the  times  of  obser- 
vation, and  lines  be  drawn  at  these  points  perpendicular  to  the  first  line,  and  pro- 
portional to  the  spaces  described  by  the  body  from  some  fixed  point,  the  curve  join- 
ing the  extremities  of  these  lines  is  the  curve  of  spaces.  The  chief  properties  of 
the  curve  of  spaces  are  as  follows : — 

The  points  in  which  the  curve  cuts  the  axis  of  time  represents  intervals  in  which 
the  particle  returns  to  its  initial  position.  A  point  of  inflection  marks  a  sudden 
change  of  direction.  The  velocity  at  any  point  will  be  found  by  drawing  a  tangent 
to  the  curve  at  that  point,  and  then  drawing  two  ordinates  to  meet  it,  whose  distance 
represents  one  unit  of  time  ;  the  difference  of  these  ordinates  is  the  velocity.  Points 
at  which  the  tangents  are  parallel  to  the  axis  of  time  mark  instants  during  which 
the  velocity  is  zero,  or,  in  other  words,  the  particle  stands  still  in  its  path  for  an  in- 
definitely small  interval  of  time. 

Carve  of  Velocities.  In  kinematics,  a  curve  whose  ordinates  are  proportional 
to  the  velocities  of  a  moving  particle,  and  whose  abscissae  are  proportional  to  the 
intervals  of  time  at  which  the  velocities  are  taken.  If  points  be  taken  on  a  straight 
line  at  distances  proportional  to  the  intervals  between  the  times  of  observation,  and 
lines  be  drawn  at  these  points  perpendicular  to  the  first  line  or  axis  of  time,  and 
proportional  to  the  velocities  or  the  particle  at  the  instants  represented  by  the 
points,  then  the  curve  joining  the  extremities  of  these  lines  is  the  curve  of  veloci- 
ties. This  name  was  given  to  the  curve  by  Newton.  Its  chief  properties  are  as 
follows : — 

The  negative  values  of  the  velocity  are  represented  by  negative  ordinates,  and 
therefore  these  represent  retrograde  motion.  The  area  of  the  curve  of  velocities 
represents  the  whole  space  passed  over  by  the  particle  in  the  time  represented  by 
the  portion  of  the  axis  between  the  extreme  ordinates.  At  points  indicated  by  a 
change  of  inflection,  the  velocity  has  a  maximum  or  minimum  value. 

Curves,  Magnetic  The  lines  into  which  iron  filings  arrange  themselves,  under 
the  influence  of  a  magnet,  are  called  the  magnetic  curves.  To  produce  them  a 
sheet  of  white  paper,  stretched  on  a  frame,  is  placed  over  the  magnet  or  magnets, 
or  any  masses  of  magnetic  matter  laid  on  a  horizontal  table.  Fine  iron  filings  are 
then  lightly  scattered  over  the  paper,  and  with  the  aid  of  gentle  tapping,  can  be 
made  to  distribute  themselves  in  lines,  the  form  of  which  depends  upon  the  nature 
and  shape  of  the  magnet  or  magnets  made  use  of.  These  fines  are  the  magnetic 
curves.  In  the  case  of  an  evenly  magnetized  straight  bar,  they  start  from  one  pole 
and  curve  round  in  the  shape  of  an  oval,  to  meet  the  centres  of  the  magnets  at 

S)ints  near  the  other  pole,  corresponding  to  those  from  which  they  take  their  rise, 
y  arranging  masses  01  magnetic  matter  in  the  magnetic  field,  or  by  bringing  near 
to  each  other  like  and  unlike  t  poles  of  various  sizes  and  strength,  very  curious  and 
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A  more  powerful  arrangement  for  exhibiting  the  effects  of  current  induction  is 
constructed  by  using  wires  insulated  by  covering  with  silk  or  cotton,  and  winding 
the  primary  and  secondary  wires  side  by  side  into  a  coil,  or  by  winding  them  into 

two  separate  coils,  and  putting  one  inside  the 
Fig.  36.  other.    (Fig.  36.)    In  that  case  every  turn  of 

the  primary  wire  acts  on  every  turn  of  the 
secondary  wire,  and  the  effect  is  much  height- 
ened. 

Induction  also  takes  place  between  two  wires, 
one  of  which  is  transmitting  a  current  when  the 
distance  between  them  is  altered.  Thus  if  the 
primary  wire  be  brought  nearer  to  the  secondary 
wire,  an  inverse  current  takes  place,  if  it  be  re- 
moved a  direct  current.  Again,  if  a  perma- 
nent magnet  be  brought  near  to  or  removed  from  a  coil  connected,  as  described 
above,  with  a  galvanometer,  a  direct  and  an  inverse  current  are  produced,  the  words 
direct  and  inverse  being  applied  by  looking  on  the  magnet  as  a  solenoid,  whose  cur- 
rents pass  according  to  the  hypothesis  of  Ampere's  theory  (q.  v.). 

The  laws  of  the  effect  produced  upon  a  secondary  wire  by  the  change  of  position 
of  the  primary  wire,  or  of  a  magnet,  are  summed  up  in  what  is  commonly  known 
(from  the  name  of  the  propounder)  as  Lenz's  law.  The  current  produced  in  the 
secondary  coil  by  ike  approach  or  removal  of  the  primary,  or  of  a  permanent 
magnet,  is  such  with  regard  to  direction  as  would  oppose  that  motion,  according 
to  the  laws  of  electro-dynamics.    (Vide  Electro-dynamics.) 

The  following  are  the  laws  of  current  induction  with  reference  to  strength,  tension, 
and  electromotive  force : — 

The  strength  of  either  induced  current  is  proportional  to  that  of  the  primary 
current,  and  to  the  product  of  the  lengths  of  the  primary  and  secondary  wires. 
The  quantities  of  electricity  transmitted  by  the  direct  and  inverse  currents  are  the 
same. 

The  electromotive  force,  or  power  of  overcoming  resistance,  is  greater  in  the  case 
of  the  direct  current  than  in  that  of  the  inverse. 

Upon  the  induction  due  to  currents  a  great  number  of  most  useful  and  important 
instruments  depend  for  their  action:  and  these  will  be  found  described  in  their 
proper  places.  For  example,  induced  currents  have  entirely  taken  the  places  of 
static  discharges  for  medical  purposes ;  they  are  being  used  more  and  more  for  illu- 
mination in  light-houses  and  similar  places ;  while  for  the  performance  of  certain 
optical  experiments  they  are  indispensable.    (See  Rhumkorff's  Coil.) 

The  inductive  action  does  not  stop  here.  The  induced  currents  are  themselves 
able,  as  Henry  has  shown,  to  produce  new  induced  currents  which  are  termed  in- 
duced currents  of  the  second  order  ;  and  these  again  to  produce  induced  currents 
of  the  third  order.  These  may  be  shown  by  using  a  series  of  concentric  bobbins; 
and  their  laws  have  been  investigated  by  Henry  and  Abria.  They  are  alternately 
in  opposite  directions.  Thus,  on  closing  the  jfrimary  circuity  which  is  always  con- 
sidered direct,  the  induced  current  of  the 

First  order  is  Inverse ; 
Second  order  is  Direct ; 
Third  order  is  Inverse ; 

and  so  on.  On  opening  the  primary  circuit,  the  direction  of  the  induced  current  of 
the 

First  order  is  Direct ; 

Second  order  is  Inverse ; 

and  so  on.  In  each  of  the  orders  the  strength  of  current,  direct  or  inverse,  is  the 
same ;  and  the  electromotive  force  of  the  direct  current  much  greater  than  that  of 
the  inverse :  and  in  the  currents  of  the  successive  orders,  compared  with  each  other, 
the  electromotive  force  decreases  as  the  number  of  the  order  increases. 

Current,  Strength  of.  The  strength  of  a  current  is  proportional  to  the  quantity 
of  electricity  conveyed  by  it  in  unit  time.  (See  Units,  Electrical.)  According  to 
the  laws  of  electro-chemical  decomposition,  the  amount  of  decomposition  is  propor- 
tional to  the  strength  of  the  current.  It  is  upon  this  principle  that  Faraday's  Vol- 
tameter is  constructed.    The  current  to  be  measured  is  applied  to  decompose  water, 
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and  the  amount  of  gas  given  off  is  collected  and  measured  The  strength  of  the 
current  is  thus  proportional  to  the  amount  of  gas  produced  in  a  given  time,  and 
unit  strength  might  be  defined  to  be  such  that  a  current  of  unit  strength  would  pro- 
duce one  cubic  inch  of  gas  per  minute.  We  cannot,  however,  make  use  of  this 
method  to  measure  the  current  which  a  given  cell  or  battery  can  produce ;  for  the 
introduction  into  the  circuit  of  such  high  resistance  as  that  of  a  decomposing  cell, 
very  much  decreases  the  current  actually  transmitted  by  the  cell  or  battery.  But 
by  making  use  of  a  galvanometer  in  connection  with  the  voltameter,  this  measure- 
ment may  be  accomplished.  If  the  current  be  passed  through  a  tangent  galvanom- 
eter (see  Galvanometer),  the  strength  of  the  current  is  proportional  to  the  tangent 
of  the  angle  through  which  the  needle  is  deflected.  By  including,  therefore,  a  volt- 
ameter and  a  tangent  galvanometer  in  one  circuit,  and  noticing  the  quantity  of  gas 
given  off  in  a  certain  time,  while  the  galvanometer  indication  is  also  noted,  the  rela- 
tion of  the  former  to  the  latter  may  be  once  for  all  determined,  and  the  strength  of 
any  current  thenceforward  determined  by  a  simple  calculation  from  the  deflection  of 
the  galvanometer. 

Current*  Partial.    See  Derived  Currents. 

Current*  Principal.    See  Derived  Currents. 

Current*  Thermal.    See  Thermo-  Current ;  Thermo-Mectricity, 

Currents  of  the  Sea,  the  Effect  of,  on  Climate.    See  Climate. 

Cum.    (Arabic.)    The  star  j3  of  the  constellation  Eridanus. 

Curve  of  Spaces.  In  kinematics  the  curve  whose  ordinates  are  proportional  to 
the  spaces  passed  over  by  a  moving  body  in  times  proportional  to  the  abscissae.  If 
points  be  taken  on  a  straight  line  at  distances  proportional  to  the  times  of  obser- 
vation, and  lines  be  drawn  at  these  points  perpendicular  to  the  first  line,  and  pro- 
portional to  the  spaces  described  by  the  body  from  some  fixed  point,  the  curve  join- 
ing the  extremities  of  these  lines  is  the  curve  of  spaces.  The  chief  properties  of 
the  curve  of  spaces  are  as  follows : — 

The  points  in  which  the  curve  cuts  the  axis  of  time  represents  intervals  in  which 
the  particle  returns  to  its  initial  position.  A  point  of  inflection  marks  a  sudden 
change  of  direction.  The  velocity  at  any  point  will  be  found  by  drawing  a  tangent 
to  the  curve  at  that  point,  and  then  drawing  two  ordinates  to  meet  it,  whose  distance 
represents  one  unit  of  time  ;  the  difference  of  these  ordinates  is  the  velocity.  Points 
at  which  the  tangents  are  parallel  to  the  axis  of  time  mark  instants  during  which 
the  velocity  is  zero,  or,  in  other  words,  the  particle  stands  still  in  its  path  for  an  in- 
definitely small  interval  of  time. 

Curve  of  Velocities.  In  kinematics,  a  curve  whose  ordinates  are  proportional 
to  the  velocities  of  a  moving  particle,  and  whose  absciss®  are  proportional  to  the 
intervals  of  time  at  which  the  velocities  are  taken.  If  points  be  taken  on  a  straight 
line  at  distances  proportional  to  the  intervals  between  the  times  of  observation,  and 
lines'  be  drawn  at  tnese  points  perpendicular  to  the  first  line  or  axis  of  time,  and 
proportional  to  the  velocities  of  the  particle  at  the  instants  represented  by  the 
points,  then  the  curve  joining  the  extremities  of  these  lines  is  the  curve  of  veloci- 
ties. This  name  was  given  to  the  curve  by  Newton.  Its  chief  properties  are  as 
followB : — 

The  negative  values  of  the  velocity  are  represented  by  negative  ordinates,  and 
therefore  these  represent  retrograde  motion.  The  area  of  the  curve  of  velocities 
represents  the  whole  space  passed  over  by  the  particle  in  the  time  represented  by 
the  portion  of  the  axis  between  the  extreme  ordinates.  At  points  indicated  by  a 
change  of  inflection,  the  velocity  has  a  maximum  or  minimum  value. 

Curves,  Magnetic  The  lines  into  which  iron  filings  arrange  themselves,  under 
the  influence  of  a  magnet,  are  called  the  magnetic  curves.  To  produce  them  a 
sheet  of  white  paper,  stretched  on  a  frame,  is  placed  over  the  magnet  or  magnets, 
or  any  masses  of  magnetic  matter  laid  on  a  horizontal  table.  Fine  iron  filings  are 
then  lightly  scattered  over  the  paper,  and  with  the  aid  of  gentle  tapping,  can  be 
made  to  distribute  themselves  in  lines,  the  form  of  which  depends  upon  the  nature 
and  shape  of  the  magnet  or  magnets  made  use  of.  These  lines  are  the  magnetic 
corves.  In  the  case  of  an  evenly  magnetized  straight  bar,  they  start  from  one  pole 
and  carve  round  in  the  shape  of  an  oval,  to  meet  the  centres  of  the  magnets  at 

Stints  near  the  other  pole,  corresponding  to  those  from  which  they  take  their  rise, 
y  arranging  masses  of  magnetic  matter  in  the  magnetic  field,  or  by  bringing  near 
to  each  other  like  and  unlike  t  poles  of  various  sizes  and  strength,  very  curious  and 


194  CYQNUS. DANIELL'S  GALVANIC  BATTERY. 

per  hour.  The  direction  of  rotation  is  different  for  the  two  hemispheres.  In  the 
northern  hemisphere  the  direction  is  contrary  to  the  motion  of  the  hands  of  a  watch 
(placed  face  upwards,  on  the  map) ;  in  the  southern  the  reverse  is  the  case.  Captain 
Maury  considers  that  cyclones  travel  over  the  course  of  warm  sea-currents,  and  that 
even  when  generated  at  some  distance  from  such  currents  they  make  their  way  to 
the  channel  of  warm  and  rarefied  air  existing  above  those  ocean  streams.  Such 
storms  are  also  called  Tornadoes.    (See  Winds.) 

Cygnns.  (The  Swan.)  Oue  of  Ptolemy's  northern  constellations.  This  asterism 
is  principally  remarkable  as  including  one  of  the  richest  portions  of  the  Milky  Way 
visible  in  our  latitudes.  Within  its  range  also  is  a  somewhat  well-defined  vacuity 
which  has  been  termed  the  Northern  Coalsack.  The  star  Albireo  on  the  beak  of 
the  Swan  is  a  fine  double,  the  colore  of  the  components  being  orange  and  blue,  and 
very  well  marked.  But  the  most  interesting  object  in  this  fine  constellation  is  un- 
doubtedly the  binary  star  61  Cygni.  By  two  distinct  methods  the  distance  of 
this  pair  has  been  found  to  be  about  three  times  as  great  as  that  of  the  star  Alpha 
Centauri.  From  the  observed  motions  of  the  system  it  has  been  concluded  that  the 
two  stars  together  weigh  about  one-third  as  much  as  our  own  sun. 

Cylindrical  Lens.  A  lens,  whose  curvature  is  that  of  a  cylinder,  instead  of  a 
sphere.  A  cylindrical  glass  rod  may,  therefore,  be  called  a  cylindrical  lens.  Lenses 
of  this  kind  are  generally  cylindrical  on  one  side  only,  and  flat  on  the  other.  They 
bring  the  image  of  a  source  of  light  to  a  line  instead  of  a  point,  and  are  frequently 
used  in  optical  instruments  and  stellar  spectroscopes. 


D 

Daguerreotype  Process.  The  original  process  of  photography,  so  named  after 
its  inventor  M.  Daguerre.  A  highly  polished  plate  of  silver  is  exposed  in  darkness 
to  the  vapor  of  iodine,  or  a  mixture  01  iodine  and  bromine,  until  its  surface  is  of  a 
reddish-yellow  color ;  it  is  then  exposed  for  a  short  time  to  the  luminous  image  in  a 
photographic  camera,  and  transferred  to  the  dark  operating  room.  Here  the  im- 
pressed plate  (on  which,  however,  no  image  is  visible)  is  exposed  to  the  vapor  of 
mercury.  The  metal  will  adhere  in  the  form  of  a  light  gray  powder  to  those  parts 
of  the  surface  upon  which  the  light  has  shone,  but  will  not  touch  the  portions  un- 
acted on.  When  sufficiently  developed  the  unaltered  iodide  or  bromo-iodide  of  silver 
is  dissolved  off  with  hyposulphite  of  soda,  when  the  picture  is  fixed.  This  process 
is  now  almost  obsolete.    (See  Photography.) 

D'Alembert'8  Principle.  Suppose  a  number  of  forces  to  act  upon  a  rigid  body, 
and  suppose  it  be  required  to  determine  the  motion  of  any  particle  of  the  bod  v. 
Two  sets  of  forces  will  act  upon  that  particle ;  first,  the  forces  impressed  from  with- 
out ;  secondly,  the  cohesive  pressures  which  bind  it  to  the  rest  of  the  body.  The 
force  producing  motion  will  be  the  resultant  of  these  two  sets  of  pressures.  Let 
us  call  this  resultant  the  effective  force.  If  to  each  point  of  the  body  a  force  be 
applied  equal  and  opposite  to  the  effective  force  at  the  point,  the  whole  will  be  in 
equilibrium.  It  is  impossible,  however,  to  determine  the  forces  of  the  second  group. 
D' Alembert  made  the  following  assumption :  "  The  internal  action  and  reaction  of 
any  rigid  system  in  motion  are  in  equilibrium  amongst  themselves."  From  this  the 
law  known  as  D'Alembert's  principle  immediately  follows,  viz.,  "  If  pressures  equal 
and  opposite  to  the  effective  pressures  at  any  instant  were  at  that  instant  applied  to 
each  poiut  of  the  body,  they  would  be  in  equilibrium  with  the  impressed  pressures." 

Daltonism.     See  Color-Blindness. 

Dalton's  Law.     See  Evaporation. 

Daniell'8  Galvanic  Battery.  In  this  arrangement  the  cells  are  formed  in  the 
following  manner :  A  copper  plate  is  immersed  in  a  saturated  solution  of  sulphate 
of  copper  (Fig.  37).  This  plate  is  generally  rolled  up  so  as  to  form  a  vertical 
cylinder,  and  within  it  is  placed  a  porous  cell  of  bladder  or  of  unglazed  earthen- 
ware. The  porous  cell  is  nlled  with  dilute  sulphuric  acid,  and  a  plate  or  rod  of  sine 
is  placed  witnin  it.  According  to  the  common  phraseology,  the  current  proceeds 
from  the  zinc  through  the  liquid  to  the  copper  when  the  circuit  is  closed. 

The  advantage  of  the  Daniell's  battery  is  it*  great  constancy,  and  it  is  found  in 
his  respect  far  to  supersede  any  other  arrangement  at  present  in  use. 


The  following  is  an  account  of  the  chemical  action  that  takes  place  within  it ;  At 
tie  line  surface  the  sulphuric  acid  is  decomposed,  sulphate  of  zinc  is  formed,  and 
hydrogen  is  liberated.  This  gives  rise  to  an  action  at  the  surface  of  the  porous 
cell,  by  which  the  hydrogen,  thus  set  free,  is  furnished  with  sulphur  and  oiygen,  and 
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reconverted  into  sulphuric  acid  at  the  expense  of  the  sulphate  of  copper  in  the  ex- 
terior cell.  A  third  reaction  takes  place  at  the  surface  of  the  copper  plate,  by  which 
copper,  liberated  io  consequence  of  the  lost  reaction,  is  deposited  on  its  surface. 
This  will  be  readily  understood  from  the  following  representation,  in  which  the  ordi- 
nary chemical  symbols  are  used,  the  vertical  line  in  the  middle  representing  the 
Eroos  diaphragm.  The  first  line  shows  the  condition  before  the  chemical  action 
gins ;  the  second,  the  condition  after  one  series  of  changes  has  occurred  s— 

Copper  plate,  Cu,  CuSO,,  CuSO,,  |  ifjsb,,  l£sb(.Zn,  Zinc  plate. 

Copper  plate,  Cu  Cu,  SO.Cu,  SO,  |  H„  SO,H„  SO,Zn,  Zinc  plate. 

The  sulphuric  acid  diffuses  towards  the  zinc  plate  through  the  porous  diaphragm. 
It  appears  thus  that  the  polarization  of  the  copper  plate  due  to  the  deposition  of 
hydrogen  is  completely  avoided.  The  sulphate  of  copper  is  need  up,  but  this  is  con- 
tinuously supplied  from  a  shelf  within  the  outer  cell  which  curries  a  heap  of  crystals. 
The  only  limit  to  the  constancy  is  the  formation  of  sulphate  of  zinc  in  snch  quantity 
as  to  prevent  the  action  of  the  zinc  plate. 

Dark  Heat-Says.    See  Obscure  Heat ;  Calorescence. 

Sawn.    See  Twilight. 

Day.  In  its  original  acceptance  this  term  meant  the  interval  between  sunrise 
and  sunset  We  still  use  the  term  in  this  sense  when  we  compare  day  with  night. 
Another  familiar  usage  of  the  term  refers  to  the  completion  hy  the  pun  of  his  ap- 
parent circuit  of  the  heavens,  as  either  from  sunrise  to  sunrise,  or  from  sunset  Io 
sunset  or,  more  exactly  than  either,  from  southing  to  southing.  The  former  has 
been  called  the  artificial,  the  latter  the  natural  day.  though  it  would  be  difficult  to 
assign  a  reason  for  the  use  of  the  first  of  these  titles  to  describe  a  purely  natural 
phenomenon. 

We  are  concerned  here,  however,  with  those  useB  of  the  term  day  which  are  founded 
On  astronomical  relations.     These  are  the  following : — 

The  apparent  or  true  solar  day. — This  is  the  interval  which  elapses  between  the 
successive  return  of  the  sun  to  the  meridian.  If  the  earth  travelled  at  a  uniform 
rate  round  the  inn,  and  her  axis  were  at  right  angles  to  the  plane  of  her  orbit,  so 
that  the  ecliptic  and  the  equator  coincided,  the  solar  day  would  be  of  constant 
length.  But  neither  of  these  relations  holds;  and  thus  the  solar  day  is  variable, 
though  the  limits  of  variation  are  not  very  wide.  The  true  solar  day  is  not  used 
even  among  astronomers  as  a  measure  of  time,  for  which  indeed  it  would  be  wholly 
unsuitable. 
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The  civil  or  mean  solar  day. — This  is  the  interval  which  would  elapse  between 
successive  returns  of  the  sun  to  the  meridian  if  the  relations  referred  to  in  the  pre- 
ceding paragraph  really  held.  It  may  be  described  as  the  mean  length  of  the  true 
solar  day.  If  a  sun  were  supposed  to  travel  uniformly  along  the  celestial  equator, 
so  as  to  accomplish  one  complete  revolution  in  a  year,  the  successive  returns  of  that 
sun  to  the  meridian  would  be  separated  by  a  mean  solar  day.  The  civil  day  is 
divided  into  24  hours,  which  are  counted  in  two  sets  of  12.  Astronomers,  when 
they  use  mean  solar  time  either  for  reference  or  in  practice,  count  through  24  hours, 
beginning  from  noon.  Thus,  in  astronomical  parlance,  5h.  January  27  means  5h.  P.M. 
January  27 ;  but  15h.  January  27  corresponds  to  3h.  A.M.  January  28,  according 
to  civil  reckoning. 

The  astronomical  or  sidercU  day. — This  is  the  interval  which  elapses  between  a 
star's  successive  passages  of  the  meridian  of  a  place,  and  therefore  corresponds  to 
the  period  of  the  earth's  rotation  on  her  axis.  This  interval  is  appreciably  constant 
It  has  been  suspected  indeed  (see  Acceleration  of  the  Moon's  Mean  Motion),  that 
the  period  of  tne  earth's  rotation  is  very  slowly  increasing,  and  it  might  be  urged 
that,  since  no  star  is  absolutely  fixed,  the  successive  returns  of  a  fixed  star  to  the 
meridian  are  not  separated  by  an  interval  which  is  exactly  equivalent  to  the  period 
of  the  earth's  rotation.  But  neither  correction  would  be  appreciable,  even  in  the 
most  exact  astronomical  processes,  carried  on  for  many  successive  years ;  so  that 
neither  affects  the  claim  of  the  sidereal  day  to  be  regarded  as  the  most  convenient 
unit  of  time-measurement  which  the  astronomer  can  select.  The  length  of  the 
sidereal  day  has  been  calculated  with  a  degree  of  niceness  proportioned  to  that  of 
the  determination  of  the  sidereal  year.  In  fact,  the  two  periods  are  closely  inter- 
dependent, for  we  have  this  rule — the  number  of  sidereal  days  in  a  sidereal  year 
exceeds  by  one  the  number  of  mean  solar  days.  Now  the  determination  of  the 
number  of  solar  days  in  a  sidereal  year  is  a  problem  towards  the  solution  of  which 
the  whole  duration  of  astronomical  observation  is  available.  "V^hatever  error  there 
may  be  in  the  comparison  between  the  first  available  observation  and  one  made 
yesterday  (if  we  will)  at  Greenwich,  is  distributed  among  the  whole  number  of  years 
separating  the  two  observations,  and  therefore  affects  in  an  indefinitely  minute  man- 
ner the  determination  of  the  length  of  a  single  year.  Hence  we  can  rely  with 
extreme  confidence  on  the  value  assigned  to  the  sidereal  year — that  is,  365.2563612 
days.  And  with  corresponding  confidence  we  can  accept  the  value  of  the  sidereal 
day  as 

"»»"»»  of  24h„ 

SM.266M1S  «■*■*•> 

which  reduces  to  23h.  56m.  4.092s. 

Astronomical  clocks  are  set  to  keep  sidereal  time,  each  sidereal  day  reckoning 
from  the  transit  of  the  first  point  of  Aries. 

Daylight,  Actinic  Intensity  of.  Dr.  Roscoe  has  given  a  method  for  the  meteo- 
rological registration  of  the  actinic  intensity  of  total  daylight  (Phil.  Trans.,  1865, 
p.  605),  founded  upon  an  exact  measurement  of  the  tint  which  standard  sensitive 
paper  assumes  when  exposed  for  a  given  time  to  the  action  of  daylight.  Measure- 
ments of  the  actinic  intensity,  according  to  this  plan,  have  been  made  for  some  years 
at  Kew ;  and,  in  1866,  Dr.  Roscoe's  assistant,  Mr.  Thorpe,  was  enabled  to  take  a 
series  of  observations  in  the  same  manner  at  Para,  under  the  equator,  in  a  situation 
possessing  a  clear  horizon.  By  comparing  the  daily  mean  intensities  at  Para  and 
tew,  on  the  same  days,  we  gain  some  idea  of  the  true  chemical  action  of  the  tropics; 
and  it  becomes  evident  that  the  alleged  failure  of  photographers  working  in  tropical 
countries  cannot,  at  any  rate,  be  ascribed  to  a  diminution  of  the  sun's  chemical 
intensity.  The  following  table  exhibits  the  daily  mean  actinic  intensities  at  Kew 
and  Para  for  fifteen  days,  in  April  1866  (Phil.  Trans.,  1867,  p.  564). 


1866. 
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Daily  Mean  Intensity. 

Date. 

Kew.                        Pari. 

Batto 

1.    April  4 

269.4 

•  •  • 

"    6 

28.6                   242.0 

8.46 

"    7 

7.7                    301.0 

39.09 

"    9 

5.9                   326.4 

55.25 

"  11 

25.4                   233.2 

9.18 

"  12 

55.8                    203.1 

3.66 

"  13 

52.2                   337.8 

6.46 

"  14 

38.5                   265.5 

6.89 

"  18 

39.8                   350.1 

8.80 

"  19 

75.2                   352.3 

4.68 

"  20 

38.9                   385.0 

9.90 

"  23 

80.4                   350.1 

4.35 

"  24 

83.6                   362.7 

4.34 

"  25 

73.7                   307.8 

4.17 

"  26 

39.1                   261.1 

6.67 

Mean  intensity, 

46.06                   303.2 
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Hence  it  appears  that  the  actinic  action  of  total  daylight,  in  the  month  of  April 
1866,  was  6.58  times  as  great  at  Para  as  at  Kew.  (See  Actinometer ;  Chemical 
Action  of  Light ;  Photochemical  Induction.) 

In  a  communication  to  the  Royal  Society,  in  April  last,  Pre.  Roscoe  and  Thorpe 
give  the  results  of  a  series  of  observations  of  the  actinic  intensity  of  total  daylight, 
made  on  the  flat  table  land  on  the  southern  side  of  the  Tagns,  near  Lisbon,  under  a 
cloudless  sky,  with  the  object  of  ascertaining  the  relation  existing  between  the  solar 
altitude  and  the  chemical  intensity.  The  chemical  action  of  the  total  daylight  was 
first  observed  in  the  ordinary  manner ;  the  chemical  intensity  of  the  diffused  daylight 
was  then  observed  by  throwing  on  to  the  exposed  paper  the  shadow  of  a  small  black- 
ened brass  ball,  placed  at  such  a  distance  that  its  apparent  diameter  seen  from  the 
position  of  the  paper  was  slightly  larger  than  the  sun's  disk.  The  sun's  altitude  was 
determined  by  a  sextant  and  artificial  horizon.  1 34  sets  of  observations  were  made, 
and  they  were  divided  into  seven  groups,  according  to  the  nnmber  of  hours  they  were 
from  noon.  It  had  before  been  proved  that  the  mean  actinic  intensity  of  total  day- 
light for  hours  equidistant  from  noon  is  constant,  and  the  result  of  the  Lisbon  series 
of  experiments  proves  that  this  conclusion  holds  good  generally.  In  the  paper 
curves  are  given,  showing  the  daily  march  of  chemical  intensity  at  Lisbon  in  August, 
compared  with  that  of  Kew  for  the  preceding,  and  at  Para  for  the  preceding  April. 
The  value  of  the  mean  chemical  intensity  at  Kew  is  represented  by  the  number  94.5, 
that  at  Lisbon  by  110,  and  that  at  Para  by  313.3 ;  light  of  the  intensity  1.0,  acting 
for  24  hours,  being  taken  as  1000.  The  following  table  gives  the  results  of  the 
observations  arranged  according  to  the  sun's  altitude : — 


H  amber  of  Observation. 

15 
18 
22 
22 
19 
24 
11 


Mean 

Altitude. 

9051' 
19  41 
31  14 
42  13 
53  09 
61  08 
64  14 


Chemical  Intensity. 

Sun. 

Sky. 

0.000 

0.038 

0.023 

0.063 

0.052 

0.100 

0.100 

0.115 

0.136 

0.126 

0.195 

0.132 

0.221 

0.138 

Total. 

0.038 
0.086 
0.152 
0.215 
0.262 
0.327 
0.359 


At  altitudes  below  10°  the  direct  sunlight  is  robbed  of  almost  all  its  actinic  rays. 
The  relation  between  the  total  chemical  intensity  and  the  solar  altitude  may  be 
represented  graphically  by  a  straight  line  for  altitudes  above  10°.  A  similar  relation 
has  already  been  shown  to  exist  for  Kew,  Heidelberg,  and  Para ;  so  that  although 
the  actinic  intensity  for  the  same  altitude  at  different  places  and  at  different  times 
of  the  year,  varies  according  to  the  varying  transparency  of  the  atmosphere,  yet  the 
relation  at  the  same  place,  between  altitude  and  intensity,  is  always  represented  by 
a  straight  line ;  this  variation,  in  the  direction  of  the  straight  line,  is  due  to  the 
opalescence  of  the  atmosphere  (which  see) ;  and  it  is  shown  that  for  equal  altitudes 
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the  higher  intensity  is  always  found  where  the  mean  temperature  of  the  air  is  greater, 
as  in  summer,  when  observations  at  the  same  places  at  different  seasons  are  compared, 
or  as  the  equator  is  approached  when  the  actions  at  different  places  are  examined. 
The  differences  in  the  observed  actions  for  equal  altitudes,  which  may  amount  to 
more  than  100  per  cent,  at  different  places,  and  to  nearly  as  much  at  the  same  place 
at  different  times  of  the  year,  serve  as  exact  measurements  of  the  transparency  of  the 
atmosphere. 

Decantation.  [Decanter,  to  pour  off.)  The  act  of  pouring  a  liquid  from  one 
vessel  into  another.  In  chemistry  it  is  generally  practised  for  the  purpose  of  sepa- 
rating a  clear  liquid  from  a  precipitate  which  has  settled  to  the  bottom  of  the  vessel. 
Washing  by  decantation  is  performed  by  stirring  up  the  sediment  with  pure  water, 
allowing  it  to  settle,  and  then  pouring  off  the  clear  liquid,  and  repeating  the  opera- 
tion until  all  the  soluble  salts  are  extracted. 

Declination.  (Declino,  to  deviate  from.)  The  angular  distance  of  a  celestial 
body  from  the  equator,  measured  along  a  great  circle  passing  through  the  body  and 
the  pole  of  the  equator. 

Declination  Circle.    See  Circle  of  the  Celestial  Sphere. 

Declination  Compass.    See  Declinometer. 

Declination,  Magnetic.  A  magnetized  needle  free  to  move  in  a  horizontal  plane, 
takes  up  a  definite  position  which  depends  upon  its  place  on  the  earth's  surface.  At 
certain  places  it  points  due  north  and  south,  but  in  general  it  makes  a  small  angle 
with  the  geographical  north  and  south  line,  and  the  line  in  which  it  points  is  frequently 
called  the  line  of  magnetic  north  and  south.  A  vertical  plane  passing  through  the 
points  where  this  line  cuts  the  horizon,  is  called  the  plane  of  the  magnetic  meridian, 
just  as  the  vertical  plane,  taking  in  the  true  north  and  south  points,  is  called  the 
plane  of  the  geographical  meridian ;  and  the  angle  between  these  two  planes  is  called 
the  magnetic  declination.  In  England  this  angle  amounts  to  nearly  20°  at  present. 
(See  also  Magnetism,  Terrestrial) 

Declination  Needle.    Another  name  for  the  Declinometer  (q.v.). 

Declination  Parallel.    See  Parallel. 

Declinometer.  (Declino,  to  deviate  from ;  and  pttpiu>,  to  measure.)  Is  an  in- 
strument for  measuring  the  magnetic  declination  or  the  angle  which  tne  plane  of 
the  magnetic  meridian  makes  with  the  plane  of  the  geographical  meridian.    (Figs.  39 


Fig.  39. 


Fig.  40. 


and  40.)  There  are  several  forms  of  declinometer.  We  shall  describe  one  of  the 
most  useful  here.  Under  the  head  Magnetometer,  Gauss's,  and  Balance,  Bifilar, 
will  be  found  a  description  of  the  instrument  used  in  observatories ;  and  under  Ob- 
servatory, Magnetic,  some  remarks  on  the  self-recording  instrument.  A  declino- 
meter, in  order  that  it  may  be  of  uRe  as  a  portable  instrument,  requires  first  a  needle 
for  showing  the  magnetic  meridian,  and  secondly  an  arrangement  for  determining  the 
geographical  meridian  and  for  comparing  the  two  together.  It  consists  of  an  ordi- 
nary compass  with  the  needle  very  delicately  suspended,  and  having  marked  on  the 
card  a  circle  divided  into  degrees  and  quarters  ot  a  degree.  To  the  opposite  sides 
of  the  compass  box,  at  the  points  marked  90°  and  270°,  are  attached  two  uprights 
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which  carry  a  telescope  on  a  horizontal  axis.  The  telescope  is  arranged  to  determine 
the  greatest  altitude,  and  thus  obtain  the  geographical  meridian.  The  whole  com- 
pass  doz,  with  the  telescope  attached,  and  furnished  with  a  vernier,  moves  on  a 
graduated  circle  which  is  supported  on  a  tripod  and  is  capable  of  being  adjusted 
horizontally  by  means  of  levelling  screws.  Suppose,  then,  that,  either  by  taking  the 
greatest  altitude  of  the  sun  or  by  observing  a  star  whose  position  is  known,  the  plane 
of  the  astronomical  meridian  is  ascertained  and  the  compass  box  placed  so  that  the 
line  of  the  telescope  shall  be  in  it.  If  then  the  compass  needle  stands  at  zero  of  the 
circle  in  which  it  moves,  the  declination  of  the  place  is  zero.  But  if  it  does  not,  the 
angle  to  which  it  points  east  or  west  of  the  zero  point  can  be  read  off  and  is  the 
declination  angle  for  that  locality. 

Decoction.  (Decoquo,  decoctus;  de,  from;  coquo,  to  boil.)  The  act  of  boiling 
a  substance  in  water,  or  other  liquid,  for  the  purpose  of  extracting  its  soluble  con- 
stituents. The  same  term  is  also  used  for  the  solution  which  has  been  prepared  in 
this  manner.    Thus  we  speak  of  a  decoction  of  logwood. 

Decomposition  of  Light.  White  light  consists  of  the  various  colors  which  con- 
stitute the  spectrum ;  it  may  be  decomposed  into  its  component  colors  in  many  ways ; 
by  refraction  through  prisms,  by  reflection  from  colored  surfaces  which  absorb  some 
rays  and  reflect  others,  or  by  transmission  through  colored  media  which  allow  some 
rays  to  pass  and  stop  others.  The  colors  of  thin  plates,  of  grooved  surfaces,  and 
those  shown  bv  the  polarized  light  and  diffraction  are  produced  by  interference. 

Decrepitation.  (Decrepo  ;  de,  from,  and  crepo,  to  crackle.)  A  crackling  noise 
made  when  certain  salts,  chloride  of  sodium  for  instance,  are  suddenly  exposed  to 
heat.  It  is  generally  caused  by  the  expansion  and  volatilization  of  the  water  me- 
chanically held  within  them ;  but  it  is  sometimes  due  to  the  different  expansion  of 
the  crystalline  layers. 

De&rent.  (Defero,  to  carry  from.)  A  term  belonging  to  the  Ptolemaic  system 
(q.v.). 

Deflection.  [Deflect  o,  to  turn  aside.)  A  ray  of  light  or  heat  is  said  to  be  de- 
flected when  it  is  turned  aside  from  its  original  path.  (See  Refraction;  Reflec- 
tion; Inflection.) 

Degree  of  Latitude.  '  The  distance  separating  two  stations  on  the  earth,  both  on 
the  same  longitude-circle,  at  which  the  elevation  of  the  pole  of  the  heavens  differs  by 
exactly  one  degree. 

One  of  the  earliest  problems  of  exact  astronomy  was  the  determination  of  the  length 
of  a  degree  of  latitude  on  the  earth's  surface ;  and,  considering  the  instrumental 
means  of  the  ancient  astronomers,  they  solved  this  problem  with  surprising  accuracy. 
It  may  seem,  indeed,  to  those  unacquainted  with  the  nature  of  the  problem,  that  the 
estimates  of  Erastosthenes  and  Ptolemy  (79J  and  59|  English  miles,  respectively), 
were  but  rough ;  while  the  estimate  of  rosidonitm  (68.95  English  miles)  may  not 
unfairly  be  regarded  as  owing  its  accuracy  rather  to  accident  than  to  the  exactness 
of  his  observations.  But  in  realitv  an  error  of  10  or  12  miles  either  way,  in  the  solu- 
tion of  a  problem  of  so  much  difficulty,  must  be  regarded  as  very  minute  compared 
with  what  we  might  have  expected  under  the  actual  circumstances  of  the  case. 

Since  the  invention  of  the  telescope,  the  problem  has  been  attacked  under  more 
favorable  conditions.  But  we  must  regard  rather  as  a  happy  guess,  than  as  a  legiti- 
mate conclusion  from  the  observations  which  had  been  made  in  his  time,  the  sugges- 
tion made  by  Huyghens,  that  the  degrees  of  latitude  may  vary  in  length  on  account 
of  an  oblateness  of  the  earth's  figure,  resembling  that  observed  in  the  figure  of  Jupiter. 
Observations  specially  made  to  test  this  opinion  (which  was  confirmed  by  the  calcu- 
lations of  Newton)  led  to  a  rather  perplexing  result.  Cassini's  observations  caused 
him  to  conclude  that  the  degrees  of  latitude  grow  shorter  as  the  pole  is  approached, 
and  he  thought,  at  first,  that  this  result  corresponded  with  the  theory  that  the  earth 
is  flattened  at  the  poles.  When  it  was  pointed  out  that  the  direct  reverse  is  the  case, 
he  still  asserted  the  accuracy  of  his  observations ;  and  thus  for  a  time  the  figure  of 
the  earth  was  regarded  by  French  astronomers  as  that  of  a  prolate  instead  of  an 
oblate  spheroid.  However,  expeditions  subsequently  sent  out  to  Lapland  and  to  the 
equator,  to  set  the  question  at  rest,  resulted  in  the  discovery  that  the  degrees  of  lati- 
tude grow  perceptibly  longer  towards  the  poles  of  the  earth.  It  is  readily  seen  that 
this  result  proves  the  oblateness  of  the  earth.  For,  if  we  consider  an  ellipse,  we  see 
that  the  curvature  is  least  at  the  ends  of  the  minor  axis ;  in  other  words,  the  curva- 
ture corresponds  to  that  of  a  larger  circle  at  these  points  than  elsewhere.    From  the 
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ends  of  the  major  axis  to  those  of  the  minor  axis,  the  curvature  corresponds  to  that 
of  a  continually  increasing  circle,  so  that  the  degree-divisions  also  continually  in* 
crease.  The  figure  of  the  earth,  then,  is  shown  by  these  measurements  to  be  that  of 
a  flattened  or  oblate  spheroid.  Later  measurements  have  placed  this  result  beyond 
all  question.  The  following  table,  from  Sir  John  Herschel's  Outlines  of  Astronomy, 
indicates  the  mean  length  of  a  degree  of  latitude  as  estimated  from  observations  made 
at  various  stations,  and  by  different  observers : — 


Mean  length  of  a 

Country. 

Latitude  of 
Middle  of  Arc. 

Are  measured. 

degree  at  the 
middle     lati- 
tude in  net 

Sweden  • 

66°  20'  lO.CN. 

1°87' 

19.6" 

366,744 

Sweden  . 

66    19    37 

0    67 

80.4 

S67.08S 

Bussla     . 

68    17    87 

S    35 

6.2 

865,868 

Russia     . 

56      3    55.5 

8      2 

28.9 

865,291 

Prussia   . 

54    58    26.0 

1    80 

29.0 

865,420 

Denmark 

54      8    13.7 

1    81 

63.3 

865,087 

Hanover. 

52    32    16.6 

2      0 

67.4 

865,800 

England  . 

52    35    45 

3    67 

13.1 

864,971 

England  . 

52      2    19.4 

2  ,50 

23.5 

864,951 

France    . 

46    62      2 

8    20 

0.3 

864,872 

France    . 

44    51      2.5 

12    22 

12.7 

864,672 

Rome                     . 

42    69 

2      9 

47 

864,262 

America  • 

39    12 

1    28 

45.0 

863,788 

India       •       . 

16      8    21.5 

16    67 

40.7 

863,044 

India 

12    82    20.8 

1    84 

66.4 

862,958 

Pern 

1    31      0.4  8. 

3      7 

3.6 

862,790 

Cape  of  Good  Hope 

33    18    80 

1    13 

17.5 

864,718 

Cape  of  Good  Hope 

36    43    20.0 

8    84 

84.7 

864,080 

Of  these  measurements,  taking  them  in  order,  the  two  Swedish  are  due  to  Svan- 
berg  and  Maupertuis ;  the  two  Russian  to  Struve,  and  to  Struve  and  Tenner ;  the 
Prussian  measurement  was  made  by  Bessel  and  Bayer ;  the  Danish  by  Schumacher ; 
the  Hanoverian  by  Gauss ;  the  two  English  measurements  were  made  by  Roy  and 
Kater ;  the  two  French  by  Lacaille  and  Cassini,  and  by  iJelambre  and  Mechain ; 
Boscovich  made  the  Roman  measurement ;  Mason  and  Dixon  the  American ;  Lamb- 
ton,  and  Lambton  and  Everest  the  two  Indian ;  Lacondodamine  and  Bougucr  the 
Peruvian ;  while  the  two  measurements  at  the  Cape  of  Good  Hope  were  made,  re- 
spectively, by  Lacaille  and  Maclear. 

It  will  be  evident,  from  this  table,  that  the  increase  towards  the  pole  which  proves 
oblateness  really  does  take  place,  though  here  and  there  discrepancies  exist,  due 
chiefly,  no  doubt,  to  errors  of  observation,  but  partly  also  to  real  irregularities  in  the 
figures  of  the  earth's  meridians.  These  irregularities  are,  however,  by  no  means 
sufficient  to  interfere  with  the  general  run  of  the  evidence. 

More  recently,  a  series  of  very  careful  measurements  has  been  made  in  India  under 
the  superintendence  of  Sir  George  Everest.  From  these  measurements,  the  length 
of  a  meridional  degree  was  found  to  be,  for  latitude  26°  49*,  363,606  feet ;  and  for 
latitude  2 IP  5',  363,187  feet  These  results  accord  well  with  those  in  the  preceding 
table,  and  justify  the  following  table  which  exhibits  the  estimated  length  of  a  do* 
gree  of  latitude  in  feet  for  every  tenth  degree : — 


Latitude. 

Length  of  degree 
in  English  feet. 

Latitude. 

Length  of  degree 
in  English  feet. 

0° 
10 
20 
80 
40 

862,734 
362,843 
363,158 
363,641 
864,233 

50° 

CO 

70 

80 

90 

364,862 
365,454 
865,937 
366,252 
866,361 

Degree  of  Longitude.  A  degree  of  longitude  on  the  earth  is  a  degree  of  arc  on 
the  circumference  of  any  latitude-parallel.  It  will  be  seen  by  a  reference  to  latitude 
and  longitude,  that  the  estimation  of  a  degree  of  longitude  is  a  problem  of  much 
greater  difficulty  than  the  estimation  of  a  degree  of  latitude.  For  in  measuring  a 
degree  of  latitude  the  observers  can  always  determine  the  latitude  of  either  end  or 
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of  any  part  of  the  arc  they  are  engaged  upon,  with  great  ease  and  with  the  utmost 
certainty,  whereas  the  exact  determination  of  the  real  longitude  of  any  part  of  an 
arc  of  latitude-parallel  is  a  problem  of  great  difficulty.  The  geometrical  processes 
are,  of  course,  the  same  in  both  instances ;  the  measurement  of  an  arc  of  longitude 
is  as  effective  towards  the  determination  of  the  earth's  figure  (supposed  symmetrical 
about  its  polar  axis)  as  the  measurement  of  an  arc  of  latitude  ;  while,  supposing  the 
irregularities  of  the  earth's  figure  to  be  appreciable,  it  is  absolutely  necessary  that 
measurement  should  be  made  both  in  longitude  and  in  latitude.  It  is  therefore  satis- 
factory that  attention  has  been  bestowed  upon  the  important  problem  of  measuring 
extensive  arcs  in  longitude,  especially  as  telegraphic  communication  has  now  become 
so  complete  as  to  have  in  great  part  removed  the  difficulty  depending  on  the  deter- 
mination of  the  longitudes  of  stations  along  any  arc  which  is  to  be  measured.  The 
chief  astronomers  or  Europe  are  at  present  engaged  in  completing  a  trigonometrical 
survey  by  which  an  arc  or  longitude  extending  from  Orsk  m  Siberia  to  Valentia  in 
Ireland  is  to  be  measured.  The  following  table  shows  the  effect  of  the  compression 
of  the  earth's  figure  according  to  the  value  at  present  accepted ;  and  it  will  be  easy 
to  infer  the  nature  of  the  quantities  to  be  determined  in  order  that  the  actual  de- 
parture from  the  spherical  shape  may  be  deduced  from  the  measurement  of  arcs  of 
longitude : — 


Latitude. 

Length  of  degree, 
In  geographical 
miles,    ■appos- 
ing earth  sphe- 
rical. 

Length  of  degree, 
in  geographical 
miles,  with  the 
accepted  ralne 
of    the   earth's 

Excess  due  te 
ellipticity. 

compression. 

0° 

60.000 

60.000 

0.000 

10 

69.088 

69.094 

0.006 

20 

66.882 

66.403 

0.021 

so 

61.962 

62.004 

0.042 

40 

45.963 

46.021 

0.058 

00 

Sft.667 

88.642 

0.073 

so 

'     30.000 

80.074 

0.074 

70 

20.621 

20.6S1 

0.060 

SO 

10.419 

10.452 

0.033 

SO 

0.000 

0.000 

0.000 

To  reduce  these  results  into  English  feet,  it  is  necessary  to  remember  that  a  geo- 
graphical mile  contains  60,456  English  feet.  Thus,  since  the  above  table  gives  as 
the  excess  due  to  ellipticity  0.075  for  one  degree  in  latitude  50° ;  we  find  that  a  de- 
gree of  longitude  in  latitude  50°  should  be  greater  than  on  a  spherical  globe  of  diam- 
ter  as  great  as  the  earth's  equator  by  453  English  feet.  Such  a  difference  would,  of 
course,  be  readily  determined,  but  it  is  by  a  minute  fraction  of  this  difference  that  any 
error  in  the  accepted  estimate  of  the  earth's  compression  is  to  be  determined. 

Degree  Of  Temperature.    See  Thermometer. 

Degrees  of  Incandescence.    See  Pyrometer. 

Deuqnesence.  (Deliquesco,  to  melt  away ;  de,  from ;  liquesco,  to  become  fluid.) 
TTie  property  which  some  compounds,  such  as  chloride  of  calcium  and  phosphoric 
acid,  possess  of  rapidly  absorbing  moisture  from  the  atmosphere,  aud  dissolving 
therein. 

Delphinnj.  (The  Dolphin.)  One  of  Ptolemy's  Northern  constellations.  It 
consists  of  a  well-marked  cluster  of  small  stars,  bounded  towards  the  north  by  a 
space  singularly  clear  of  lucid  stars.  In  the  Palermo  catalogue  the  two  stars  a  and 
0  are  called  Svalocin  and  Rotanev  respectively.  These  names  appear  to  be  merely 
the  inversion  of  the  name  Nicolaus  Venator. 

Deneb  Adige.  (Arabic.)  The  star  a  of  the  constellation  Cygnus.  It  is  also 
called  Arided. 

Deneb  Aleet  (Arabic.)  The  star  j3  of  the  constellation  Leo.  It  is  also  called 
Denebola,  and  sometimes  simply  Deneb. 

Deneb  Algiedi.     (Arabic.)     The  star  &  of  the  constellation  Capricorn  us. 

Denebola.     (Arabic.)     See  Deneb  Aleet. 

Density.  (Densus,  thick.)  This  terra  is  used  In  physics  to  denote  the  ratio  of 
the  quantity  of  matter  in  a  body  to  that  in  an  equal  bulk  of  some  standard  sub- 
stance.   The  standard  for  liquids  and  solids  is  water  at  a  temperature  of  4°  C. 
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(39.2°  F.) ;  that  is  to  say,  at  the  temperature  at  which  a  given  weight  of  water  oxv 
cupies  the  least  balk.  For  gases  hydrogen  is  usually  taken  as  the  standard.  The 
quantity  of  matter  in  a  body  is  termed  its  mass.  Hence  the  densities  of  two  bodies 
are  directly  proportional  to  their  masses,  and  inversely  proportional  to  their  volumes. 
At  the  same  spot  on  the  earth's  surface  mass  varies  exactly  as  the  weight,  hence  at 
the  same  place  the  density  and  the  specific  gravity  of  the  body  will  be  the  same. 

Density,  Electric.  A  term  introduced  by  Coulomb  in  connection  with  his  ex- 
periments on  the  distribution  of  electricity.  The  electric  density  at  any  point  of 
the  surface  of  a  conductor  may  be  defined  as  the  quantity  of  electricity  per  unit  area 
at  that  point.     (See  Electrostatics;  Electricity.) 

Density,  Influence  of,  on  Specific  Heat.    See  Specific  Heat. 

Density  in  Transparent  Media,  Detecting  Differences  of.   See  Waves  in  Air, 

Instrument  for  Rendering  Visible. 

Density  of  the  Earth.    See  Earth. 

Deoxidation.  The  partial  removal  of  oxygen  from  any  substance,  without,  how- 
ever, totally  abstracting  it ;  in  the  latter  case  reduction  is  the  more  usual  expres- 
sion. 

Depolarization.  The  thin  plate  of  a  doubly  refracting  crystal,  which  causes  the 
production  of  color  when  placed  between  the  polarizer  and  analyzer  of  a  polariscope, 
is  sometimes  called  a  depolarizing  film  or  depolarizer,  and  the  action  which  it  exerts 
on  polarized  light  is  called  depolarization.  The  depolarizer  doubly  refracts  the 
plane  polarized  light  which  is  incident  upon  it,  resolving  it  into  two  rectangularly 
polarized  systems  of  waves  which  traverse  the  plate  with  different  velocities.  (See 
Polariscope.)  The  term  depolarization  is  always  employed,  but  it  is  not  strictly 
accurate.  It  would  be  better  to  call  the  phenomenon  atpolarization,  as  the  ray  of 
polarized  light  is  not,  strictly  speaking,  depolarized,  but  duplicated.  (See  Polar- 
ized Light.) 

Depression  of  the  Horizon.    See  Dip  of  the  Horizon. 

Derived  Currents.  A  term  relating  to  the  dividing  up  of  an  electric  current  by 
giving  it  more  than  one  course  to  follow.  Suppose  a  cell  or  other  rheomotor  to  be 
transmitting  a  current  through  a  wire,  and  suppose  that  at  any  two  points  in  the 
wire  the  ends  of  a  second  wire  are  joined  on,  at  one  of  these  two  points  the  current 
splits  up,  part  passing  through  each  wire,  and  at  the  other  it  again  unites ;  the  total 
quantity  of  current  passing  is  increased  by  the  putting  in  of  this  extra  wire,  since 
the  external  resistance  is  diminished.  The  following  terms  are  used  in  connection 
with  this  subject.  The  original  current  which  was  passing  before  the  introduction 
of  the  second  wire  is  called  the  primitive  current  /  the  total  current  which  passes 
after  the  introduction  of  the  new  route  is  called  the  principal  current.  Between 
the  two  points  just  mentioned  the  principal  current  traverses  two  circuits ;  that  part 
of  it  which  goes  through  the  old  wire  is  called  the  partial  current ;  and  that  part  of 
it  which  passes  in  the  new  wire  is  called  the  derived  current.  There  may,  of  course, 
be  any  number  of  wires  inserted  into  the  circuit  in  this  way ;  each  of  them  will  carry 
a  portion  of  the  current,  and  according  to  the  following  law,  that  the  amount  of  the 
currents  in  the  several  courses  is  inversely  proportional  to  the  respective  resistances 
of  those  courses. 

Descending  Node.    See  Node. 

DesUverization  Process.    See  Lead. 

Deviation,  Angle  of  Least.    See  Angle  of  Least  Deviation. 

Deviation  Of  the  Compass.  A  term  almost  synonymous  with  declination,  which 
see.  It  means  the  angle  made  by  a  compass  needle  at  any  place  with  the  true  north 
and  south  line. 

Deviation  of  the  Line  of  the  Vertical.    A  plumb-line  does  not  in  all  places 

hang  vertically  downwards.  Near  a  mountain,  for  example,  the  weight  is  somewhat 
attracted  towards  the  mountain,  as  is  seen  in  such  a  case  as  Maskelvne's  Schehallien 
experiment.  (See  Earth.)  But  it  has  also  been  found  that  the  plumb-line  assumes 
a  non-vertical  direction  where  there  is  no  neighboring  elevation  to  account  for  the 
phenomenon.  In  the  neighborhood  of  Moscow,  for  example,  Russian  astronomers 
nave  found  this  to  be  the  case  ;  and  some  similarly  anomalous  facts  have  been  no- 
ticed during  the  survey  of  India.  Doubtless  the  deviation  is  due  to  the  existence, 
either  of  subterranean  masses  of  great  density  on  the  side  towards  which  the  plumb- 
line  is  deflected,  or  else  of  vast  subterranean  cavities  on  the  contrary  side.    What- 
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•ver  be  the  real  explanation,  it  is  obvious  that  the  observed  fact  is  one  of  extreme 
importance,  and  that  in  all  geodetkal  processes  the  possibility  of  error  arising  from 
such  deviations  should  be  carefully  cousidered. 

Dew.    A  deposition  of  moisture  from  the  air,  caused  by  cold. 

It  was  observed  in  very  early  times  that  dew  is  only  deposited  on  clear  nights, 
and  that  such  nights  are  commonly  cold.  Hence  it  was  concluded  that  the  moon, 
planets,  and  stars  pour  down  cold  upon  the  earth,  and  that  this  cold  generates  dew. 
Aristotle  was  the  nrst  to  suggest  a  more  tangible  explanation  of  the  phenomena  of 
dew.  He  observed  that  dew  is  generally  (or,  as  he  supposed,  always)  formed  in 
serene  weather,  and  that  it  is  not  formed  on  mountain  heights.  He  argued  that  the 
disturbance  of  the  air  interferes  with  the  formation  of  dew.  Now,  he  regarded  the 
vapor  of  water  as  a  mixture  of  heat  and  water,  and  he  reasoned  that  such  vapor 
cannot  extend  to  any  great  height,  because  the  heat  would  get  detached  from  it :  nor 
can  it  form  in  windy  weather  for  a  like  reason.  Hence  he  concluded  that  dew  is 
produced  by  the  fall  of  water,  abandoned  by  the  heat  which  had  raised  it ;  and  he 
was  able  to  put  forward  a  very  obvious  reason,  founded  on  his  views  respecting  vapor, 
for  the  fact  that  dew  is  not  seen  in  high  places,  or  in  windy  weather.  He  derided 
the  notion  that  the  stars,  planets,  and  moon,  cause  dew  to  be  precipitated,  arguing 
that  the  sun  is  the  true  cause,  "  since  his  heat  raises  the  vapor  from  which  the  dew  is 
formed  so  soon  as  that  heat  is  no  longer  present  to  sustain  the  vapor."  In  the  mid- 
dle ages  philosophers  preferred  the  view  which  attributed  the  formation  of  dew  to 
the  stare.  Baptista  rorta,  however,  adduced  evidence  showing  that  this  view  is 
erroneous ;  for  ne  found  that  dew  is  sometimes  deposited  on  the  inside  of  glass  win- 
dows, and  that  a  bell-glass  placed  over  a  plant  in  cold  weather  is  more  copiously 
covered  with  dew  within  than  without  He  noticed  also  that  some  metals  are  more 
copiously  moistened  with  dew  on  their  under  than  on  their  upper  surface.  But 
though  rorta  had  thus  shown  skill  as  an  observer,  he  was  yet  unfortunate  in  reject- 
ing that  part  of  Aristotle's  theory  which  was  alone  correct.  Instead  of  viewing  dew 
as  arising  from  the  condensation  of  vapor,  Porta  thought  that  the  air  itself  was  con- 
densed. 

The  progress  of  observation  next  brought  to  light  facts  which  have  a  mast  impor- 
tant bearing  on  the  subject  of  dew.  Mnschenbroek,  in  making  experiments  on  the 
quantity  of  dew  forming  at  different  heights  from  the  ground,  discovered  that  dew 
forms  much  more  freely  on  some  substances  than  on  others.  This  showed  with  tol- 
erable clearness  that  the  precipitation  of  dew  is  not  a  regular  process  (either  of  pre- 
cipitation or  deposition),  going  on  merely  according  to  the  state  of  the  atmosphere ; 
for,  under  such  a  process  all  objects  would  be  moistened  alike.  It  seemed  clear  that 
in  some  way  the  dew  must  be  drawn  from  the  air  by  the  object  itself  which  it  mois- 
tens. Thus  attention  was  again  attracted  to  Aristotle's  theory  that  dew  is  caused 
by  the  condensation  of  vapor.  But  it  was  recognized  that  Aristotle's  explanation 
requires  to  be  modified,  and  instead  of  supposing  the  condensation  of  vapor  to  result 
in  such  a  way  as  Aristotle  supposed,  it  was  held  that  there  is  simply  a  discharge 
of  vapor  fcorn  the  air,  caused  by  the  cold  of  the  object  on  which  dew  is  seen  to  form. 
Experiments  were  applied  to  test  this  view,  and  all  doubt  was  removed  by  their  suc- 
cess. It  was  found  that,  whenever  a  cold  body  is  introduced  into  an  atmosphere 
which  contains  much  aqueous  vapor,  a  portion  of  the  latter  invariably  condenses  and 
forms  a  dew  upon  the  cold  body.  The  familiar  experiment  of  breathing  upon  a  win- 
dow is  perhaps  the  simplest  illustration  of  the  phenomenon  in  question. 

The  principle  thus  established  is  most  important.  It  is  simply  this.  To  air  at  a 
friven  temperature  a  certain  proportion  of  aqueous  vapor  may  be  added  without  con- 
densation resulting ;  but  if  in  any  way  the  temperature  of  the  air  be  sufficiently 
lowered,  there  will  presently  follow  a  condensation  of  a  portion  of  the  aqueous 
vapor. 

It  should  bo  added  that  this  fact  had  been  clearly  enunciated  before  Dr.  Wells 
began  the  researches  now  to  be  described;  so  that  it  is  a  mistake  to  include  it  among 
the  results  of  those  researches,  though  the  evidence  supplied  on  the  point  by  Dr. 
"Wells's  experiments  is  most  interesting  and  convincing. 

We  owe  to  Dr.  Wells  the  most  complete  and  thorough  investigation  yet  made  on 
the  subject  of  dew.  His  observations  were  made  during  the  years  1814-17,  in  a 
garden  in  Surrey,  three  miles  only  from  Blackfriars  Bridge.  He  exposed  little  bundles 
of  wool,  carefully  weighed  when  dry,  and  estimated  the  deposition  of  dew  by  their 
increase  of  weight  as  the  dew  moistened  them.    First  comparing  the  amounts  re- 
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ceived  on  different  nights,  he  found  that  though  cloudy  weather  and  windy  weather 
were  alike  unfavorable  to  the  formation  of  dew,  yet  that  dew  was  at  times  formed 
on  a  cloudy  night,  and  at  times  on  a  windy  night ;  though  never  on  a  night  that  was 
both  cloudy  and  windy.  He  found,  further,  that  the  quantity  of  dew  deposited  was 
less  or  greater,  according  as  the  proportion  of  clouded  sky  was  greater  or  less.  Yet 
he  soon  discovered  that  on  clear  nights  dew  was  not  always  formed  with  equal  free- 
dom. Not  only  were  there  differences  apparently  depending  on  the  relative  dryness 
of  the  air,  but  others,  which  he  was  unable  to  explain,  were  noticed.  The  cause  of 
these  peculiarities  will  be  given  further  on.  Wells  noticed  also  that  the  quantity  of 
dew  was  less  when,  the  wool  packs  were  near  any  object  which  hid  a  portion  of  the 
heavens.  He  tried  the  following  experiment :  J?lacing  a  board  on  four  props,  he  put 
one  piece  of  wool  on  the  board,  another  under  it.  He  found,  that,  thougn  both  pieces 
of  wool  were  equal  in  weight,  each  weighing  ten  grains,  the  uppermost  on  a  clear  night 
gained  14  grains  in  weight,  while  the  lowest  gained  but  4.  Again,  he  made  a 
curved  pasteboard  roof  over  one  of  his  wool  packs,  and  he  found  that  on  a  night  when 
the  protected  piece  gained  but  two  grains  in  weight,  a  piece  placed  on  the  top  of  the 
pasteboard  gained  no  less  than  16  grains. 

Next,  making  experiments  on  the  temperature  of  the  air  near  his  wool  packs,  he 
found  that  where  dew  was  most  freely  formed  the  air  was  coldest.  Dr.  Wilson  of 
Glasgow  had  asserted  that  the  formation  of  dew  is  a  process  producing  cold.  But  the 
experiments  made  by  Muschenbroek  and  those  who  followed  him,  had  shown  con- 
clusively that  dew  is  the  consequence,  not  the  cause  of  cold.  We  know,  indeed, 
that  the  condensation  of  aqueous  vapor  is  a  process  during  which  heat  and  not  cold 
is  given  out.    (See  Deio-Point.)  f 

But  seeing,  thus,  that  the  formation  of  dew  is  caused  by  a  diminution  of  the  tem- 
perature of  the  air,  Wells  set  himself  to  inquire  what  his  experiments  taught  as  to 
the  way  in  which  the  air  becomes  cold.  He  no  longer  inquired,  for  example,  why 
dew  was  not  formed  under  a  pasteboard  cover,  while  above  the  cover  aew  was 
copiously  formed,  but  why  the  air,  under  such  a  cover,  was  not  as  cold  as  the  air 
above  it. 

He  was  thus  led  to  the  formation  of  his  famous  theory  of  dew,  respecting  which 
Dr.  Tyndall  remarks  that  "  it  has  stood  the  test  of  all  subsequent  criticism,  and  is 
now  universally  accepted." 

Dr.  Wells's  explanation  of  the  phenomena  of  dew  is  founded  on  this  general  prin- 
ciple, that  dew  results  from  the  condensation  of  the  aqueous  vapor  of  the  atmosphere, 
on  substances  which  have  become  cooled  by  the  radiation  of  their  heat. 

All  the  phenomena  of  dew  admit  of  being  explained  by  this  principle.  Thus  it 
had  'been  noticed  that  plates  of  metal  were  often  dry  when  dew  was  copiously  de- 
posited on  wood  or  grass.  This  is  at  once  seen  to  depend  on  the  well-known  fact 
that  metals  are  bad  radiators  of  heat,  so  that  the  temperature  of  a  metal  plate,  ex- 
posed in  the  open  air  at  night,  is  higher  than  that  of  grass  or  wood  similarly  circum- 
stanced. Dew  does  not  form  freely  on  gravel  for  a  similar  reason.  On  glass,  which 
is  a  good  radiator,  dew  forms  freely.  The  astronomer  is  often  troubled  by  this 
quality  of  glass,  for  on  clear  nights  the  object-glass  of  his  telescope  will  become 
covered  with  dew.  The  way  in  which  this  is  prevented  affords  an  illustration  of  the 
fact  already  noticed  by  Wells,  that  the  mere  concealing  of  a  part  of  the  heavens  by 
an  opaque  screen  will  prevent  the  formation  of  dew.  If  a  cylinder  of  card  or  tin  is 
placed  on  the  end  of  the  tube,  no  dew  is  formed.  The  reason  is,  that  the  radiation 
of  heat  from  the  glass  is  checked.  In  the  same  way,  of  course,  the  facts  observed 
by  Wells  are  explained.  The  wool  under  the  pasteboard  cover  did  not  radiate  its 
heat  into  space  like  the  wool  placed  on  the  top  of  the  cover.  Dr.  Wells  remarks  on 
this  fact,  and  the  consequences  which  flow  from  it :  "I  had  often,  in  the  pride  of 
half-knowledge,  smiled  at  the  means  frequently  employed  by  gardeners  to  protect 
tender  plants  from  told,  as  it  appeared  impossible  that  a  thin  mat,  or  any  such  flimsy 
substance,  could  prevent  them  from  attaining  the  temperature  of  the  atmosphere,  by 
which  alone  I  thought  them  liable  to  be  injured.  «  But  when  I  had  learned  that 
bodies  on  the  surface  of  the  earth  become,  during  a  still  and  serene  night,  colder 
than  the  atmosphere,  by  radiating  their  heat  to  the  heavens,  I  perceived  immediately 
a  just  reason  for  the  practice  I  had  before  deemed  useless." 

It  will  be  seen,  further,  how  completely  Wells's  theory  accounts  for  the  two  facts 
that  dew  is  seldom  formed  in  cloudy  weather,  or  when  there  is  much  motion  in  the 
air.    We  see  that  in  one  case  the  clouds  form  a  screen,  checking  the  process  of  radi- 
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ation,  trtifle,  in  the  other,  the  motion  of  the  air,  by  bringing  continually  fresh  air  to 
the  neighborhood  of  objects  which  are  radiating  their  heat  into  space,  prevents  those 
objects  from  lowering  the  temperature  of  a  definite  portion  of  the  air  around  them. 

It  remains  only  to  be  noticed,  that  the  circumstance  that  in  equally  clear  weather 
dew  is  not  always  formed  in  equal  quantities,  is  due  to  the  fact  that,  when  the  air  is 
clear,  there  may  yet  be  aqueous  vapor  in  its  upper  regions  in  quantities  sufficient  to 
check  the  radiation  of  heat. 

Dr.  Tyndall  remarks  that,  though  valuable  facts  have  been  accumulated  respect- 
ing dew  by  Mr.  Glaisher,  M.  Martins,  and  others,  little  has  been  added  to  the  theory 
of  dew  since  Dr.  Wells  completed  his  researches. 

Dew-point.  The  degree  of  temperature  at  which  vapor  in  the  air  begins  to  be 
condensed  as  the  air  cools.  (See  Hygrometer.)  The  determination  of  the  dew-point 
is  a  matter  of  great  importance  to  the  meteorologist.  By  comparing  the  dew-point 
with  the  actual  temperature  of  the  air  he  can  tell  the  relative  humidity  of  the  air. 
He  knows  that  at  the  actual  temperature  the  air  would  be  saturated  if  it  contained 
a  certain  quantity  of  moisture,  while  he  knows  also  that  the  actual  quantity  present 
is  only  such  as  would  suffice  to  saturate  air  at  the  observed  dew-point ;  the  ratio  of 
this  last  quantity  to  the  former  expresses  the  relation  between  the  actual  humidity 
of  the  air  and  the  humidity  of  saturation  at  the  observed  temperature.  The  dew- 
point  in  the  evening  further  Bhows  the  temperature  near  to  which  the  minimum  during 
the  night  is  likely  to  be.  For  when  the  temperature  has  fallen  so  as  to  reach  the 
dew-point,  the  aqueous  vapor  in  the  air  will  be  condensed,  and  in  this  process  a  cer- 
tain quantity  of  heat  will  be  set  free  which  will  raise  the  temperature  of  the  air. 
Then  the  temperature  will  again  sink  by  radiation  slightly  below  the  dew-point ;  dew 
will  be  deposited  and  the  temperature  will  again  be  raised  ;  and  so  on  through  the 
night,  without  any  fall  of  temperature  far  below  the  dew-point. 

Dextrin ;  or,  British  Gum.  A  gummy  substance  produced  by  the  action  of 
heat,  diastase,  or  acids  upon  starch.     It  owes  its  name  to  its  property  of  rotating  the 

$lane  of  polarization  to  the  right  (dexter,  right).  (See  Circular  Polarization  of 
a'quids.)  Its  composition  is  the  same  as  starch,  C6H10O.;  it  possesses  a  light 
brown  color  and  a  peculiar  color,  resembling  that  of  toasted  bread ;  it  does  not  crys- 
tallize, and  has  the  appearance  of  Gum  Arabic ;  it  dissolves  in  water,  and  is  largely 
used  in  the  arts  and  manufactures.  Postage  stamps  are  rendered  adhesive  by  means 
of  dextrin. 

Dextrogyrate  and  LcBVOgyrate.    See  Right  and  Lefthanded  Polarization. 

Dextrose.    See  Sugar. 

Diagometer.  (&ayw,  to  conduct ;  pttpov,  a  measure.)  An  instrument  invented 
by  M.  Housseau  for  measuring  the  conducting  power  of  oils.  He  used  it  as  a  method 
of  examining  their  purity.  It  consisted  of  a  dry  pile,  by  means  of  which  a  current 
was  passed  through  the  oil ;  and  the  strength  of  the  current  determined  by  a  magne- 
tized needle.  Want  of  conducting  power,  of  course,  diminished  the  current,  and 
therefore  the  deviation  of  the  needle. 

Diacatutio.     See  Caustic. 

Diactinic.  (&«*,  through;  and  ax***,  a  ray.)  Transparent  to  the  actinic  or 
chemical  rays  of  light.    (See  Actinism.) 

Dial.  The  dial  or  sundial  is  a  contrivance  for  determining  the  time  by  means  of 
the  shadow  of  a  straight  rod  on  a  plane  surface.  The  essential  principle  of  the  dial 
is  that  the  rod  shall  point  to  the  pole  of  the  heavens.  Since  the  apparent  motion  of 
the  sun  due  to  the  earth's  rotation  carries  him  round  the  polar  axis  of  the  heavens 
at  a  rate  appreciably  uniform,  the  plane  through  the  sun  and  the  rod  must  turn  uni- 
formly rounu  the  latter,  and  thus  at  any  given  hour  of  solar  time  on  one  day  the 
shadow  of  the  rod  will  have  the  same  position  on  any  plane  as  at  the  same  hour  of 
solar  time  on  Another  day.  It  only  requires,  therefore,  that  a  correction  should  be 
made  for  the  equation  of  time  (q.  v.),  in  order  that,  frcm  the  indications  of  the  dial, 
the  civil  or  mean  solar  time  should  be  deduced.    (See  Day.) 

Dialyser.  The  parchment  paper  or  septum,  stretched  over  a  gutta-percha  ring 
used  in  the  operation  of  Dialysis. 

Dialysis,  (hwxwst^  &a,  through,  and  Mxo,  to  loose.)  During  his  experiments  on 
the  diffusion  of  liquids,  Professor  Graham  discovered  that  solutions  of  certain  bodies 
pass  through  membranes  with  considerable  facility,  whilst  others  pass  through  very 
slowly.    He  soon  found  that  the  former  class  embraced  bodies  which  were  of  a  crys- 
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talline  character,  such  as  metallic  salts,  and  organic  bodies,  snch  as  sugar,  morphia, 
and  oxalic  acid ;  whilst  the  latter  class  consisted  of  bodies  devoid  of  crystalline  power, 
such  as  gum,  albumen,  gelatine,  etc.  Ue  therefore  gave  to  one  class,  consisting  of 
easily  diffusible  substances,  the  name  of  crystalloid,  and  to  the  other  the  name  of 
colloid.  Amongst  the  crystalloids  alcohol  is  classed,  and  amongst  the  colloids  many 
soluble  oxides,  which  are  in  an  uncrystalline  modification,  such  as  hydrated  soluble 
silicic  acid,  soluble  sesquioxide  of  iron,  soluble  alumina,  etc.  The  most  convenient 
dividing  film  or  septum,  as  the  discoverer  named  it,  is  made  of  parchment  paper. 
A  sheet  of  this  substance  is  stretched  over  a  gutta-percha  hoop,  and  its  edges  are 
well  drawn  up  and  confined  by  an  outer  hoop ;  it  is  then  allowed  to  float  on  a  basin 
of  pure  water,  and  in  it  is  poured  a  mixed  solution  of  colloid  and  crystalloid.  Diffu- 
sion commences  at  once  ;  the  crystalloid  rapidly  passes  through  and  dissolves  in  the 
pure  water  beneath,  whilst  the  colloid  for  tne  most  part  remains  behind.  Professor 
Graham  gave  this  process  of  separation  the  name  of  dialysis,  and  it  is  now  in  con- 
stant use  in  chemical  laboratories  for  effecting  separations  which  would  be  extremely 
difficult,  if  not  impossible,  by  other  processes.  Thus,  gruel  or  broth,  containing  a 
very  little  arsenic  (arsenious  acid),  dissolved  in  it  and  submitted  to  dialysis,  gives 
up  the  whole  of  its  arsenic  to  the  pure  water,  whilst  scarcely  a  trace  of  the  organic 
substances  pass  through.  The  arsenic  can  be  detected  with  the  greatest  facility  in 
the  water,  although  if  it  had  remained  mixed  with  the  great  excess  of  organic  mat- 
ter, its  separation  and  detection  would  have  offered  considerable  difficulties.  In 
cases  of  suspected  poisoning  the  course  now  generally  pursued  is  to  pour  the  whole 
contents  of  the  stomach,  or  other  liquid  which  the  analyst  has  to  examine,  upon  a 
dialyserf  and  after  allowing  it  to  stay  there  for  twenty-four  hours  to  examine  the 
aqueous  solution.  Almost  all  the  poisons  in  common  use,  such  as  arsenic,  strych- 
nine, corrosive  sublimate,  oxalic  acid,  acetate  of  lead,  morphia  (the  active  agent 
in  laudanum  and  opium),  being  crystalloids,  easily  pass  through,  and  the  work  of 
the  toxicologist  is  very  much  simplified,  as  he  has  only  an  aqueous  solution  of  a  com- 
paratively pure  substance  to  deal  with,  instead  of  a  highly  complex  mixture  of 
organic  substances.  If  urine  is  dialyzed  and  the  aqueous  solution  evaporated  and 
extracted  with  alcohol,  pure  urea  is  obtained  in  beautiful  white  crystals.  (See 
Parchment  Paper;  Diffusion  of  Liquids.) 

Dialkalamiaes.     See  Amides. 

Diamagnetic.     (ftu*,  through.)     A  term  due  to  Faraday,  and  first  used  by  him 

in  describing  his  discovery  of  the  action  of  magnets  on  light.  He  defined  it  then  to 
mean  *'  a  body  through  which  the  lines  of  magnetic  force  are  passing,  and  which 
does  not  by  their  action  assume  the  usual  magnetic  state  of  iron  or  loadstone." 
(Phil.  Trans.  1846.)  But  before  long  he  had  proved  the  action  of  magnets  upon 
all  bodies,  had  called  them  all  magnetic,  and  divided  them  into  two  classes,  paramag- 
netic and  diamagnetic,  according  to  their  action  in  and  upon  a  magnetic  field,  in 
experimenting  optically  upon  heavy  glass,  as  described  in  the  article  above  referred 
to,  he  was  attracted  by  an  action  which  he  observed  of  the  magnet  on  the  glass 
itself.  He  had  a  bar  of  glass  suspended  horizontally  between  the  poles  of  a  power- 
ful electro-magnet,  and  he  found  that  on  making  connection  with  the  battery,  and 
thus  producing  a  magnet,  the  bar  of  glass,  if  it  were  out  of  this  position,  immediately 
swung  round  and  placed  itself  with  its  longer  axis  across  the  line  joining  the  poles 
of  the  electro-magnet ;  or,  equatorially  (he  calls  the  line  which  joins  the  poles  the 
axial,  a  line  perpendicular  to  it  the  equatorial  line).  The  bar  on  being  displaced 
from  this  position  swings  back  to  it  again,  and  after  a  few  oscillations  comes  to  rest 
as  before.  It  thus  takes  a  position  perpendicular  to  the  lines  of  force  and  at  ri^ht 
angles  to  that  which  would  be  taken  by  a  similar  bar  of  iron  Or  nickel ;  these  being 
in  stable  equilibrium  in  the  axial  direction,  that  is,  parallel  to  the  \me  joining  the 
poles  of  the  magnet.  If  the  bar  of  glass  was  placed  nearer  to  one  pole  than  to  the 
other,  it  set  as  before  equatorially ;  but  it  was  also  found  to  be  repelled  from  the 
nearest  pole ;  and  if  it  was  placed  a  little  to  one  side  of  the  axial  line  it  was  driven 
farther  from  this  line,  and  turned  with  its  length  perpendicular  to  the  lines  of  mag- 
netic force.  The  effects  were  very  similar  when  one  pole  of  the  magnet  was  made 
to  act  alone  on  the  body ;  and  the  repulsion  was  well  manifested  on  using  a  ball  or 
a  cube  of  glass  instead  of  an  elongated  bar.  He  then  proceeded  to  examine  a  large 
number  of  other  bodies  of  all  kinds,  simple  and  compound,  organic  and  inorganic, 
transparent  and  opaque ;  and  he  gives  a  list  of  fifty-six  in  his  first  paper  on  tfie 
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subject  (Fhil.  Trans.  1846,  p.  21),  all  of  which  he  found  to  be  acted  on  by  the 
magnet,  and  all  in  the  same  way  as  the  heaVy  glass.  Liquids  aud  prases  were 
inclosed  in  tubes  and  thus  examined.  The  conclusion  he  came  to  after  a  long  series 
of  experiments  was  this,  that  all  bodies  are  acted  on  by  the  magnet,  and  may  be 
divided  into  two  classes,  those  which  are  affected  like  iron  and  nickel,  which  are 
attracted  by  the  magnet  and  set  axially  ;  and  those  which  are  affected  like  heavy 
glass,  which  are  repelled  by  the  magnet  and  set  equatorially ;  and  these  he  sub^e- 
quently  called  paramagnetic  and  diamagnetic,  respectively;  and  he  showed  that 
the  motions  displayed  by  diamagnetic  bodies  in  a  magnetic  field  are  all  reducille 
to  one  simple  law,  namely,  that  the  particles  of  the  diamagnetic  tend  to  move 
into  the  positions  of  weakest  magnetic  force. 

Of  the  large  number  of  bodies  he  examined,  he  found  that  the  greatest  parts  were 
diamagnetic;  he  tested  a  large  number  of  crystals,  rock  crystal,  sulphate  of  calcium, 
sulphate  of  barium,  alum,  etc. ;  of  organic  bodies,  liquid  and  solid,  alcohol,  ether, 
wax,  caoutchouc,  blood,  mutton,  beef,  leather,  apples,  bread ;  also  water,  sulphuric 
acid,  hydrochloric  acid,  and  many  others,  and  found  these  diamagnetic;  he  also 
examined  the  metals,  and  of  these  he  added  a  few  to  the  magnetic  class,  which 
already  contained  iron,  nickel,  and  cobalt,  namely,  platinum,  palladium,  titanium, 
manganese,  cerium,  chromium,  and  osmium.  The  others,  bismuth,  antimony,  zinc, 
etc.,  were  found  diamagnetic.  He  proved  also  that  in  whatever  state  a  body  is, 
whether  simple  or  compound,  it  still  produces  the  same  effect.  Thus,  in  the  case  of 
a  compound  each  of  the  elements  of  which  it  consists  produces  its  own  effect,  and  the 
result  obtained  from  the  body  depends  on  whether  the  magnetic  or  the  diamagnetic 
part,  if  there  be  both,  preponderates. 

On  examining  still  farther,  it  appears  that  there  is  still  a  condition  to  be  taken 
account  of — namely,  that  which  depends  on  the  medium  in  which  the  body  is  placed. 
To  determine  the  effect  of  it,  Faraaay  made  use  of  the  law  which  we  have  just  men- 
tioned— that  each  component  of  the  body  produces  its  own  effect.  He  found  that 
sulphate  of  iron  is  strongly  paramagnetic,  and  knowing  that  water  is  diamagnetic, 
he  was  able  to  produce  three  solutions  of  different  strengths,  with  which  he  proceeded 
with  the  following  experiment :  Filling  glass  tubes  with  each  of  the  solutions,  he 
found  that  they  all  pointed  axially — that  is,  exhibited  paramagnetic  properties  when 
suspended  in  air.  He  then  took  vessels  containing  the  solutions,  and  suspended  the 
tube  in  these  solutions  under  the  influence  of  the  magnet.  Each  tube  when  in  its 
own  solution  was  quite  indifferent,  or  pointed  slightly  equatorially,  owing  to  the 
diamagnetic  property  of  the  glass  of  which  it  was  constructed ;  but  on  suspending 
them  in  the  other  solutions,  it  was  found  that  a  tube  suspended  in  a  solution  weaker 
than  that  which  it  contained  was  paramagnetic,  a  tube  suspended  in  a  solution 
stronger  than  its  own  was  diamagnetic.  It  appeared,  then,  that  the  explanation  of 
the  phenomenon  must  stand  in  this  way,  that  all  bodies  have  a  tendency  to  move 
into  the  stronger  parts  of  the  magnetic  field,  but  that  some  have  more  power  than 
others,  and  that  any  body  is  paramagnetic  or  diamagnetic  according  as  it  is  sur- 
rounded by  a  medium  whose  power  is  weaker  or  stronger  than  that  of  the  body 
itaelt 

He  then  proceeded  to  examine  gases,  and  here  at  first  he  was  unsuccessful ;  for 
he  could  obtain  no  result  but  a  negative  one — namely,  that  gases  and  a  vacuum  are 
not  different  in  power.  The  difficulty  was,  that  he  required  to  inclose  the  gas  in  a 
glass  tube,  which,  being  diamagnetic  itself,  and  of  large  mass  compared  with  the 
mass  of  all  the  gas,  rendered  the  effect  produced  by  the  gas  insensible.  Afterwards, 
however,  he  returned  to  the  subject,  anu  by  driving  a  stream  of  gas  towards  the  poles, 
he  found  that,  in  the  case  of  oxygen,  the  stream  turned  axially,  and  was  attracted 
into  the  axial  line ;  but  all  other  gases  he  examined  were  diamagnetic.  It  appears. 
however,  probable,  from  the  later  experiments  of  Graham,  that  hydrogen  is  para- 
magnetic. On  examining  the  gases  again  in  glass  tubes,  with  the  assistance  of  a 
torsion  balance,  Faraday  was  able  to  compare  the  magnetic  powers  of  the  various 
gases,  and  the  powers  of  the  same  gas  under  different  conditions,  as  to  pressure  and 
temperature. 

Some  further  information  on  this  subject  will  be  found  under  our  article  on  Mag- 
netism, and  the  list  of  the  order  of  bodies  as  to  magnetic  power  determined  by  Fara- 
day is  given  there.  For  full  information  on  this  subject,  however,  the  papers  of 
Faraday  himself  ought  to  be  consulted.     They  are  published  in  the  Philosophical 
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Transactions,  from  1846  onward,  and  reprinted  in  vol.  iii.  of  his  experimental  Re- 
searches.    (See  also  Diamagnetism  by  Professor  Tyndall.) 

Diameter,  Apparent,  (&a,  through,  and  pifpov,  a  measure.)  The  apparent 
diameter  of  a  heavenly  body  is  the  angle  that  body  subtends  as  viewed  from  the 
earth. 

Diamides.    See  Amides, 

Diamines.    See  Amides.  * 

Diamond.  (Corrupted  from  odapafi  atoyiawoj,  adamant,  from  a,  not,  and  oopao, 
to  break.)  Pure  carbon  in  a  transparent  crystalline  form,  and  the  hardest  substance 
known  (10  on  Mohr's  scale).  (See  Hardness  of  Minerals.)  Specific  gravity,  &£ 
to  3.6.  It  is  generally  colorless,  but  sometimes  tinged  red,  orange,  vellow,  green,  or 
blue.  The  index  of  refraction  is  2.439,  being  exceeded  only  by  chromate  of  lead 
and  orpiment.  (See  Index  of  Refraction.)  It  is  unaffected  by  any  liquid,  and 
infusible  at  the  highest  attainable  temperature.  Before  the  oxy-hydrogen  blowpipe 
it  gradually  burns  away,  and  the  same  takes  place  when  it  is  heated  white  hot,  and 
plunged  into  an  atmosphere  of  oxygen,  carbonic  acid  being  produced.  When 
exposed  to  the  intense  heat  of  the  voltaic  arc,  the  diamond  becomes  converted  into 
graphite.  Besides  its  value  as  a  gem.  it  is  of  great  use  in  the  arts  and  manufactures. 
Diamond  dust  is  used  for  cutting  and  polishing  other  gems ;  the  edge  of  a  native 
crystal  is  used  by  glaziers  for  cutting  glass ;  a  sharp  point  is  used  for  scratching  and 
engraving  on  glass ;  a  splinter  is  also  used  as  a  tool  for  turning  glass  lenses  in  a 
lathe ;  and  rough  diamonds,  too  imperfect* to  be  used  as  gems,  are  mounted  as  boring 
tools  for  perforating  rocks.  Many  attempts  have  been  made  to  prepare  diamonds 
artificially,  but  hitherto  they  have  been  unsuccessful. 

Diaphanous.  (Saajxx^— £«*,  through,  and  (jxuvwj  to  shine.)  Transparent ;  allow- 
ing light  to  pass  through. 

Diastase.  A  white  amorphous  substance  soluble  in  water.  It  is  extracted  from 
malt,  and  is  the  substance  to  which  that  body  owes  its  property  of  converting  starch 
into  dextrin.    (See  Dextrin.) 

Diathermancy.  ($«*,  through ;  Osppti,  heat.)  A  term  employed  by  Melloni  to 
designate  the  property  of  transmitting  radiant  heat.  It  therefore  corresponds  to 
transparency  in  the  case  of  light,  and  the  expression  "  transparent  to  heat-rays"  is 
occasionally  employed.  If  we  have  a  source  of  heat  placed  near  a  thermometer,  a 
rise  of  the  mercury  will  be  produced ;  if  now  a  thin  plate  of  rock-salt  is  introduced 
between  the  source  and  the  thermometer,  the  mercury  will  fall  but  slightly,  because 
the  rock-salt  permits  nearly  all  the  heat  from  the  source  to  pass  through  it,  in  virtue 
of  its  diathermancy ;  but  if  a  plate  of  the  same  thickness  of  selenite  or  amber  is 
placed  between  the  source  and  the  thermometer,  a  very  marked  difference  will  be 
observed,  nearly  all  the  heat  will  be  cut  off,  and  the  thermometer  will  therefore  indi- 
cate a  very  slight  rise  of  temperature,  because  selenite  and  amber  possess  very  slight 
diathermancy,  that  is,  they  are  more  or  less  opaque  to  heat-rays.  Rock-salt  is  said 
to  be  a  diathermanous  substance,  while  selenite  and  amber  are  called  athermanous 
substances  (a,  not,  Bspfitj,  heat),  but  this  latter  term  is  not  much  used,  because  all 
substances  allow  a  certain  amount  of  radiant  heat  to  pass  through  them.  The  fol- 
lowing table  shows  the  diathermancy  of  various  solids  to  radiant  heat  from  different 
sources.  The  total  radiation  from  each  source  was  first  measured  by  a  thermo- 
electric pile,  and  delicate  galvanometer ;  a  plate  of  the  substance  one-tenth  of  an 
inch  thick  was  then  introduced  between  the  face  of  the  pile  and  the  source  of  heat, 
and  the  diminution  of  transmitted  heat  (as  shown  by  a  decreased  deflection  of  the 
needle  of  the  galvanometer),  was  noted. 
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ABLE  8HOWIK O  THE  TRANSMISSION  OF  RADIANT  HEAT  EMANATING  FROM  DIFFERENT 

Sources,  through  various  Solids  of  a  Uniform  Thickness.  Total  radiation 
»« 100.  The  following  numbers  show  the  percentage  of  the  total  radiation  trans- 
mitted.   (MeUorri.) 


JTames  ef  substances  employed. 

TUokMN  «s  1.0  millimetres, 

Locateill 

Incandescent 

Copper  at 

Copper  at 

dVi»cb). 

lamp. 

platinum. 

400°  C. 

100°  C. 

92 

92 

92 

92 

flUUlan  sulphur 

74 

77 

60 

64 

72 

89 

42 

33 

Iceland  spar 

64 
39 

23 
28 

13 
8 

0 
0 

39 

24 

6 

0 

Sock  crystal  (transparent 

) 

38 

28 

6 

3 

m       •*       (smoky) 

37 

28 

6 

3 

Chromate  of  potash  . 

34 

28 

16 

0 

S3 

24 

4 

0 

Carbonate  of  lead     . 

32 

23 

4 

0 

Sulphate  of  baryta  . 

24 

18 

3 

0 

23 

19 

6 

0 

Violet  amethyst 
Artificial  amber 

21 

9 

2 

0 

21 

0 

0 

0 

18 

12 

8 

0 

Green  tourmaline 

18 

16 

3 

0 

18 

3 

0 

0 

14 

0 

0 

0 

Citric  acid  .... 

11 

2 

0 

0 

Tartrate  of  potash    • 

11 

3 

0 

0 

11 

6 

0 

0 

9 

8 

2 
1 

0 
0 

0 

0 

Ioe      ...... 

6 

0.6 

0 

0 

We  notice  in  the  above  table  that  with  the  exception  of  rock-salt,  the  diather- 
ancT  varies  with  the  nature  of  the  source  of  heat,  and  this  arises  from  the  fact 
at  neat-rays  vary  in  quality  with  the  nature  of  the  source.  (See  Quality  of  Heat.) 
tins  luminous  heat-rays  have  a  shorter  wave-length  than  obscure  heatrrays.  We 
net  specially  bear  in  mind,  therefore,  that  the  above  results  obtain  only  with  re- 
ird  to  the  sources  of  heat  there  mentioned ;  rock-salt,  the  most  diathermic  sub- 
ance  of  all,  has  been  found  by  Prof.  Balfour  Stewart  to  be  very  athermic  or  opaque 
rays  issuing  from  its  own  substance ;  in  fact  a  thick  plate  was  found  to  stop  three- 
orthfl  of  the  heat  radiated  from  a  thin  plate  of  heated  rock-salt.  Transparency  for 
rht  has  nothing  to  do  with  transparency  for  heat ;  thus,  clear  rock-crystal  which 
transparent  to  light,  and  smoky  rock-crystal  which  is  opaque,  are  almost  equally 
athermic ;  and  transparent  sugar  and  ice  cut  off  far  more  heat  than  opaque  sulphur 
td  sulphate  of  baryta.  Again  the  solution  of  iodine  in  bisulphide  of  carbon  used 
r  Tyndall  in  his  experiments  on  calorescence,  is  absolutely  opaque  to  light,  while 
is  extremely  diathermic  in  regard  to  radiant  heat.  Melloni  also  determined  the 
athermancy  of  various  liquids,  but  as  he  employed  glass  cells  to  contain  them, 
e  radiant  heat  was  considerably  influenced  by  means  external  to  the  liquid  itself. 
rndall  employed  cells  of  rock-salt  and  a  different  source  of  heat.  (See  A  bsorption 
'Heat.) 

Thickness  has  a  considerable  effect  on  diathermancy,  as  on  transparency.  In  the 
se  of  light  we  know  that  many  things — glass,  and  water,  for  instance — when  seen 
a  thin  layer,  appear  absolutely  colorless,  whereas  when  we  look  through  a  con- 
lerable  thickness  they  are  seen  to  be  distinctly  colored,  because  an  absorption  of 
rtain  light  rays  has  taken  place  within  the  mass  of  the  substance,  which  a  thin 
rer  of  that  substance  could  not  effect.  It  is  thus  also  in  regard  to  radiant  heat, 
thick  layer  of  a  substance  is  less  diathermic  than  a  thin  layer.  In  the  above 
ble  the  uniform  thickness  was  2.6  millimetres ;  by  diminishing  this  thickness  a 
m  amount  of  beat  is  absorbed,  and  hence  a  greater  amount  is  transmitted ;  on  the 
her  hand,  by  increasing  the  thickness  a  greater  amount  of  heat  is  absorbed,  and  a 
m  amount  transmitted.  A  thin  plate  of  glass  may  be  as  diathermanous  as  a  thick 
ate  of  rock-salt,  and  this  proves  that  the  absorption  of  heat  like  that  of  light 
kes  place  within  a  substance,  not  alone  at  its  surface.  Pouillet  gives  the  follow- 
14 
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ing  table  to  show  the  influence  of  thickness  on  diathermancy.  The  intensity  of  the 
incident  beam  is  represented  by  100 ;  thus,  if  a  thickness  of  0.5  millimetre  of  glass 
allows  77.5  per  cent,  of  the  total  radiation  from  a  Locatelli  lamp  to  pass  through 
it,  a  thickness  of  5.0  millemetres  allows  62.0  per  cent,  of  the  total  radiation.  Com- 
paring colza  oil  at  thicknesses  of  0.5  millemetre,  and  200  millimetres,  we  observe 
that  about  twelve  times  as  much  heat  is  transmitted  through  the  former  thickness 
as  through  the  latter,  or,  otherwise  expressed,  that  the  absorption  by  the  layer 
of  200  millimetres  in  thickness,  is  twelve  times  greater  than  that  of  the  layer  of  0.5 
millimetre,  while  water  in  layers  greater  than  11  millimetres  in  thickness  does  not 
transmit  any  of  the  heat  emitted  from  an  incandescent  spiral  of  platinum  wire.  It 
is  noticeable  in  the  case  of  glass,  that  after  a  certain  limit  has  been  passed,  an  in- 
crease of  thickness  does  not  appear  to  diminish  the  transmission. 

Table  showing  the  Influence  of  Thickness  on  the  Diathermancy  of 

Substances. 


Glaaa.    (8.  Gobain.) 

1 

Colza  OIL 

Water. 

Thickness 

Thickness 

in 

inches. 

of  layers  in 
millimetres. 

Locatelli 
lamp. 

Incan- 
descent 
platinum. 

1 

Copper  at ' 

400°  C.    j 

Locatelli 
lamp. 

Inoan- 

deseent 

platinum. 

Locatelli 
lamp. 

Incan- 
descent 
platinum. 

0.5 

0.019 

77.6 

62.1 

14.4 

64.0 

32.0 

25.1 

87 

1.0 

0.039 

73.3 

61.5 

9.9 

48.3 

22.8 

19.3 

6.7 

15 

0.038 

70.4 

46.1 

6.7 

41.0 

18.7 

16.0 

4.2 

2.0 

0.078 

68.2 

42.8 

6.0 

36.1 

16.3 

13.9 

8.2 

2.5 

0.097 

66.0 

•  • 

•  • 

32.7 

•  • 

•  • 

•  • 

8.0 

0.117 

65.3 

38.3 

2.9 

30.6 

13.6 

11.4 

20 

4  0 

0.156 

63.4 

35.8 

20 

27.8 

12.0 

10.0 

1.5 

6.0 

0.195 

62.0 

34.0 

1.5 

257 

10.8 

9.1 

1.1 

6  0 

0.234 

60.9 

32.3 

1.4 

23.9 

9.8 

8.0 

1.0 

7.0 

0.273 

60.0 

30.9 

1.2 

22.6 

8.9 

8.2 

0.8 

8.0 

0312 

69.2 

29.7 

1.1 

21.8 

8.1 

8.0 

0.6 

9.0 

0.351 

•  • 

•  • 

. . 

21.2 

7.5 

7.8 

C.5 

10  0 

0.39 

•  • 

•  • 

.  » 

21.0 

7.1 

7.7 

0.4 

11  0 

0.429 

•  • 

•  • 

• . 

20.9 

6.7 

7.7 

as 

60  0 

1.95 

•  • 

•  • 

.  • 

12.5 

2.1 

2.4 

0.0 

86.0 

3  354 

•  • 

•  • 

»  • 

•  • 

•  • 

•  • 

•• 

100.0 

390 

•  • 

•  • 

•  . 

8.1 

1.2 

1.3 

•• 

150  0 

6.85 

•  • 

•  • 

•  • 

6.1 

•  • 

0.7 

•• 

200.0 

7.80 

•  • 

•  • 

•  . 

6.3 

•  • 

•  • 

•• 

See  also  Absorption  of  Heat. 

Diathermometer.  (dca,  through  ;  Otpfitj,  heat ;  fw*oi«,  to  measure.)  An  instru- 
ment devised  by  Prof.  Guthrie  for  determining  the  thermal  resistance  of  liquids. 
It  consists  of  an  air  thermometer  terminated  above  by  a  brass  cone  faced  with  pla- 
tinum, having  its  base  uppermost,  and  in  a  perfectly  horizontal  plane ;  the  base  of 
a  second  cone  of  precisely  the  same  area  can  be  approximated  to  the  cone  of  the  air 
thennometer,  and  between  the  opposite  bases  the  liquid  to  be  examined  is  intro- 
duced. Now  if  we  have  a  constant  source  of  heat  in  the  upper  cone  (such  as  a 
current  of  water  of  known  and  invariable  temperature),  it  is  obvious  that  by  vary- 
ing the  liquids  between  the  cones,  and  noting  the  effect  in  a  given  time  on  the 
column  of  liquid  in  the  air  thermometer,  we  can  obtain  results  (comparable  among 
themselves),  of  the  relative  thermal  resistance  of  the  various  liquids  employed. 
(See  also  Conduction  of  Heat.) 

Diatomic  Alcohols.    See  Alcohols,  Series  of. 

Dichroic  Crystals.  Sir  David  Brewster  ( Optics,  page  250)  gives  a  table  of  the 
colors  which  certain  dichroic  crystals  exhibit  when  examined  in  polarized  light, 
from  which  the  following  list  is  taken  : — 


Uniaxial  Crystal* 
Sapphire. 
Ruby. 
Emerald. 
Blue  beryl. 
Green  beryl. 


Optie  axis  In  plane  of 
Polarization. 


Yellowish-green. 
Pale  yellow. 
Yellowish-green. 
Bluish-white. 
Whitish. 


Optic  axle  in  plane 

perpendicular  to  that  of 

Polarisation. 

Blue. 

Bright  pink. 
Bluish-green. 
Blue. 
Bluish-green. 
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Optic  ax  U  In  plan*  of 
Polarization. 

Yellowish-white. 

Blue. 

Greenish-white. 

Reddish-white. 

Yellow. 

Yellow. 

Bluish. 

Bluish-green. 

Brightr  green. 

Orange-yellow. 

WWtish-brown. 


Optic  axi«  in  plane 

perpendicular  to  that  of 

Polarization. 

Yellow. 

Pink. 

Bluish-green. 

Faint  red. 

Green. 

Bluish-white. 

Reddish. 

Yellowish-green. 

Orange-yellow. 

Yellowish-white. 

Yellowish-brown. 


-~~~  Crystal* — 
Quarts  yellow. 
Amethyst. 
Tourmaline. 
Rnbellite. 
Idocrase. 
Mellite. 
Lilac  apatite. 
Olive  apatite. 
Phosphate  of  lead. 
Iceland  spar. 
Octohedrite. 

Biaxial  Crystals — 
Blue  topaz. 
Green  topaz. 
Greenish-blue  topaz. 
Pink  topaz. 
Pink-yellow  topaz. 
Yellow  topaz. 
Yellowish-purple. 
Sulphate  of  baryta. 
Yellow  sulphate  of  baryta. 
Orange-yellow  sulphate  of  baryta. 
Cyamte. 
Dichroite. 
Cymophane. 
Olive-green  epidote. 
Whitish-green  epidote. 
Mica. 
(See  Dichroism.) 

Dichroic  Microscope.  A  double  image  prism  is  sometimes  attached  to  a  com- 
pound microscope,  so  as  to  form  two  images  of  a  crystal  or  other  substance  in  the 
field  of  view,  and  enable  it  to  be  examined  for  dichroism.  (See  Dichroscope  ;  Di- 
chroism.) 

Dichroism.  (&k,  two,  and  *p£pa,  color.)  A  property  which  some  crystals  pos- 
ses of  appearing  of  two  different  colors  where  lignt  passes  through  them  in  different 
directions.  If  three  colors  are  produced  it  is  called  tri-chroism,  and,  if  more,  poly- 
chroism.  The  general  property  is  termed  pleo-chroism.  The  crystals  of  the  double 
chloride  of  palladium  and  potassium  appear  of  a  deep  red  color  along  the  axis,  and 
of  a  vivid  green  in  a  transverse  direction.  A  similar  phenomenon  is  observed  in  the 
mineral  iolite  or  dichroite.  The  phenomenon  of  dichroism  depends  upon  the  fact 
that  the  absorption  of  light  is  regulated  by  the  inclination  of  the  incident  ray  to  the 
axis  of  doable  refraction,  and  on  a  difference  of  color  in  the  two  pencils  formed  by 
doable  refraction. — (Sir  D.  Brewster.)  Examined  in  the  dichroscope  many  natural 
mod  artificial  crystals  are  seen  to  possess  the  property  of  dichroism.  (See  Dichroic 
Crystals  ^  Dichroic  Microscope.) 

Dichroite;  or,  Iolite.  A  mineral  so  named  by  Hauy  on  account  of  certain  opti- 
cal properties  which  it  possesses.  (See  Dichroism.)  It  occurs  in  prisms  belonging 
to  toe  trimetric  system ;  it  appears  deep  blue  in  the  direction  of  the  principal  axis, 
and  brownish-yellow,  or  yellow-gray  at  right  angles  to  it.  Chemically  considered  it 
is  a  silicate  of  magnesia,  alumina,  and  iron,  and  is  sometimes  used  as  a  gem. 

Dichroscope.  An  instrument  devised  by  Haidenger  for  examining  the  property 
of  dichroism.  It  consists  of  an  achromatized  double  image  prism  of  Iceland  spar, 
fixed  in  a  brass  tube,  having  a  small  square  aperture  at  one  end,  and  a  convex  lens 
at  the  other,  of  such  a  power  as  to  give  a  sharp  image  of  the  square  hole.  On  look- 
ing through  the  instrument  this  hole  appears  double,  and  if  a  dichroic  crystal  be 
placed  in  front  of  it  the  two  images  will  appear  of  different  colors.  By  causing  the 
tube  to  revolve,  the  colore  alternately  disappear  and  appear ;  in  this  mauner  dichro* 


White. 

White. 

Reddish-gray. 

Pink. 

Pink. 

Yellowish-white. 

Lemon-yellow. 

Lemon-yellow. 

Gamboge-yellow. 

White. 

Blue. 

Yellowish-white. 

Brown. 

Pink-white. 

Reddish-brown. 


Blue. 

Green. 

Blue. 

White. 

Yellow. 

Orange. 

Purple. 

Yellowish-white. 

Yellowish-white. 

Blue. 

Yellowish-white. 

Yellowish. 

Sap-green. 

Yellowish-white. 

Reddish-white. 
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ism  may  be  detected  in  crystals  by  viewing  them  in  one  direction  only.  A  dichro- 
scope  is  frequently  combined  with  the  polarizing  apparatus  of  a  microscope.  (See 
Dichroic  microscope.) 

Didymium.  (5t£vfto$,  a  twin.)  A  rare  and  unimportant  metal,  occurring  with 
cerium  and  lanthanum.  It  was  discovered  by  Mosanaer  in  1841.  The  name  owes 
its  origin  to  the  resemblance  of  the  metal  to  lanthanum,  and  the  difficulty  of  sepa- 
rating the  two.  Symbol  Di.  Atomic  weight,  48.  It  forms  a  protoxide  (Di,6), 
and  a  peroxide  of  undetermined  composition ;  the  protoxide  is  a  powerful  base,  and 
forms  salts  with  acids  which  possess  a  rose  or  violet  color. 

Dielectric.  (too,  through/)  Any  medium  through  or  across  which  static  induc- 
tion takes  place  is  called  by  Faraday  a  dielectric.  In  his  Experimental  Researches, 
vol.  i.,  he  considers  the  part  which  the  dielectric  plays,  with  respect  to  two  conduc- 
tors between  which  induction  is  taking  place  ;  ana  he  proves  that  its  function  is  not 
merely  the  passive  one  of  presenting  a  medium  across  which  the  electricity  cannot 

Sass,  but  that  the  inductive  influence  is  transmitted  from  particle  to  particle  of  the 
ielectric,  each  molecule  of  it  in  any  line  connecting  the  two  surfaces  being  polarized, 
that  is,  electrified  positively  on  one  side,  and  negatively  on  the  other.  Hence  he 
was  led  to  the  idea  that  some  dielectrics  may  transmit  the  electric  influence  with 
more  facility  than  others,  and  may  assume  the  polarized  condition  with  greater  or 
less  intensity.  On  examination  this  turned  out  to  be  the  case,  and  hence  arose  his 
discovery  of  Specific  Inductive  Capacity.  (See  Induction,  and  Capacity,  Spe- 
cific Inductive.) 

Differential  Screw,  Hunter's.  So  named  from  the  principle  of  its  action,  de- 
pending on  the  difference  between  the  size  of  the  threads  of  two  screws.  The  dis- 
tance between  the  threads  of  a  screw,  on  which  its  mechanical  effect  depends,  cannot 
be  indefinitely  diminished  without  so  diminishing  the  strength  of  the  machine  as  to 
make  it  practically  useless.  Hunter's  machine  is  a  contrivance  for  increasing  the 
power  of  the  screw  without  greatly  diminishing  the  strength  of  the  threads.  It 
consists  of  two  screws,  with  threads  differing  but  little  in  thickness,  the  smaller 
working  within  the  other.  When  the  inner  screw  rises  the  larger  screw  is  made  to 
descend  Thus,  during  one  revolution,  the  entire  movement  is  equal  only  to  the 
difference  between  the  height  of  the  threads,  and  consequently  the  board  or  other 
surface  used  in  compression  passes  through  a  much  smaller  distance  than  in  a  simple 
screw-press,  but  exerts  a  proportionately  increased  pressure  on  the  substance  com- 
pressed. 

Differential  Thermometer.  This  instrument  consists  of  two  glass  bnlbs  con- 
taining air,  and  separated  from  each  other  by  a  narrow  tube  in  which  there  is  a 
column  of  mercury  or  sulphuric  acid.  The  tube  is  usually  bent  into  the  form  of  an 
U,  the  two  bulbs  being  uppermost.  The  bulbs  contain  the  same  quantity  of  air, 
and  if  they  possess  the  same  temperature  the  air  in  each  will  obviously  possess  the 
same  degree  of  elasticity,  and  the  included  column  of  liquid  will  be  at  rest  midway 
between  them.  If  now  one  of  the  bulbs  be  heated,  the  air  within  it  will  be  ex- 
panded, and  its  pressure  will  be  greater  than  that  in  the  other  bulb,  hence  the  liquid 
will  move  from  the  warmer  to  the  cooler  bulb.  It  is  equally  obvious  that  however 
high  the  temperature  may  be,  if  both  bulbs  equally  possess  it,  there  will  be  no 
motion  of  the  liquid  column.  It  is  essentially  a  differential  action,  caused  by  the 
difference  in  the  amount  of  heat  possessed  by  the  two  equal  volumes  of  air.  A  very 
rude  instrument  of  this  nature  is  mentioned  by  J.  C.  Sturmius  in  his  Collegium 
Experiment  ale  sive  Curiosum  (1676) ;  but  the  instrument  as  described  above  was 
invented  by  Sir  John  Ijeslie,  and  described  in  1804  in  his  "  Experimental  Enquiry 
into  the  Nature  and  Propagation  of  Heat."  Count  Rumford  somewhat  modified 
the  instrument  by  largely  increasing  the  size  of  the  bulbs,  shortening  the  length  of 
the  connecting  tube,  and  employing  a  very  short  column  of  liquid  as  an  index.  In 
both  Leslie's  and  Rumford's  thermometer  the  movement  of  the  liquid  is  indicated  by 
a  graduated  scale,  and  since  gases  expand  far  more  than  solids  or  liquids,  for  the 
same  amount  of  heat,  this  instrument  is  infinitely  more  sensitive  than  mercurial  or 
alcohol  thermometers.  It  has  been  estimated  that  by  its  means  a  change  of  not 
more  than  the  6000th  part  of  a  degree  of  Fahrenheit  can  be  indicated.  Formerly 
the  differential  thermometer  was  much  used  for  researches  on  radiant  heat,  but  the 
invention  of  the  thermo-electric  pile  by  Nobili,  and  its  application  to  the  measure- 
ment of  infinitely  small  temperatures  by  Melloni,  have  caused  this  latter  instrument 
to  be  now  universally  employed  for  researches  on  radiant  heat,  and  for  all  delicate 
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measurements,  such  as  Lord  Rosse's  recent  experiments  on  the  heat  of  the  moon, 
and  those  of  Messrs.  Hoggins  and  Stone  on  the  heat  of  the  Btars.  The  differential 
thermometer  is  still  useful  for  lecture  experiments,  and  a  recent  improvement  of  it 
by  Professor  Matthiessen  has  greatly  increased  its  adaptability  to  this  purpose.  (See 
also  Thermometer;  Air  Thermometer.) 

Diffraction.  (Diffrango,  (its,  apart;  and frango,  to  break.)  A  disturbance  of 
the  straight  path  of  a  ray  of  light  occasioned  by  its  passage  close  to  the  edge  of  an 
opaque  body.  The  phenomenon  is  best  observed  by  holding  a  pin  in  a  beam  of 
divergent  light,  and  allowing  its  shadow  to  fall  on  a  sheet  of  white  paper.  The 
shadow  will  not  be  sharp  and  black,  but  will  be  surrouuded  by  luminous  fringes 
tinted  with  the  colors  of  tne  spectrum,  the  centre,  where  the  black  shadow  should  be, 
being1  a  Inminons  line  as  if  the  pin  were  transparent.  The  explanation  of  this  is 
simple:  the  rays  of  light  inflected  in  passing  along  one  edge  of  the  pin  meet  the 
rays  inflected  by  the  other  edge,  ana  interfere,  producing  alternate  increase  and 
diminution  of  wave  length,  and  giving  rise  to  colored  fringes  if  ordinary  light  is 
used,  or  alternate  bands  of  light  and  dark  if  homogeneous  liffht  is  employed,  the 
centre  always  being  Inminons.  If  the  conditions  are  reversed,  and  the  divergent 
lifirht  passes  through  a  small  hole  in  a  plate  of  metal,  the  same  phenomena  of  inter- 
ference are  observed  between  the  rays  passing  direct  through  the  aperture  and  those 
inflected  obliquely  by  the  edges;  the  central  portion  in  this  case  being  a  black  patch 
corresponding  in  shape  and  size  to  the  opening,  and  surrounded  as  before  with 
colored  fringes.  Experiments  in  diffraction  may  be  varied  in  an  almost  endless  man- 
ner by  having  holes  of  different  sizes  and  shapes,  or  by  arranging  several  near 
together.    (See  Fringes.) 

jDiffruotion  Spectra.  By  arranging  the  apparatus  for  diffraction  experiments,  in 
such  a  manner  that  the  colored  fringes  are  produced  of  considerable  size,  and  of  the 
utmost  attainable  purity  of  tint,  a  series  of  very  beautiful  spectra  are  produced,  in 
which  the  principal  Fraunhofer  lines  are  seen.  The  best  arrangement  for  this  pur- 
pose is  to  pass  sunlight  through  a  narrow  slit,  and  adjust  a  telescope  to  distinct 
vision  of  tne  slit.  A  very  fine  grating  is  now  placed  over  the  object  glass,  the  bars 
being  parallel  with  the  slit.  This  changes  the  appearance  of  the  slit  altogether ;  in 
the  centre  a  Inminons  line  is  seen,  while  almost  unchanged  on  each  side  is  a  broad 
black  band,  and  beyond  this  stretch  away  a  series  of  spectra  overlapping  each  other. 
Those  nearest  the  centre  are  the  most  perfect,  and  show  the  Fraunhofer  lines  to 
frreatest  perfection,  and  they  gradually  fade  away  on  each  side  into  darkness.  (See 
jFrannhofert8  Lines.) 

Diffusion  Coefficients.  Bielstein  (Ann.  Ch.  Pharm.,  xcix.  165)  has  given  the 
following  table  of  diffusion  coefficients ;  the  temperature  being  6°  C.  (42.8^  F.),  the 
strength  4  per  cent.,  and  chloride  of  potassium  taken  as  unity : — 

Names  of  Salt 

Chloride  of  Potassium  . 
Nitrate  of  Potassium   . 
Chloride  of  Sodium 
Bichromate  of  Potassium 
Carbonate  of  Potassium 


Diffnsloa 
Coefficient. 

Names  of  Salt 

Diffnsloa 
Coefficient. 

1.0000 

Sulphate  of  Potassium 
Carbonate  of  Sodium    . 

.    0.6987 

0.9487 

.     0.5436 

0.8337 

Sulphate  of  Sodium 

.     0.5369 

0.7543 

Sulphate  of  Magnesium 

.     0.3587 

0.7371 

|    Sulphate  of  Copper 

.     0.3440 

of  Heat.  (Diffundo,  to  spread  abroad.)  ITeat  is  readily  reflected  from 
polished  metallic  surfaces,  and  the  angle  of  incidence  of  the  rays  is  equal  to  the  angle 
of  reflection,  but  there  is  also  a  certain  oblique  reflection  whereby  some  of  the  heat 
is  diffused,  and,  so  to  speak,  scattered  in  different  directions  irregularly. 

Diffusion  of  Light.  When  parallel  or  divergent  rays  of  light,  as  from  the  snn 
or  a  candle,  fall  upon  a  sheet  of  white  paper,  unglazed  porcelain,  ground  glass,  or 
bodies  having  a  similar  surface,  they  are  diffused  in  all  directions,  as  if  the  surface 
were  self-luminous. 

Diffusion  Of  Gases.  The  intermixture  of  two  gases  which  are  free  to  communi- 
cate with  one  another.  When  two  gases,  of  different  densities,  are  mixed,  they  do 
not  separate  in  consequence  of  gravity,  as  liquids  do.  Thus  although  oxygen  is 
sixteen  times  as  dense  as  hydrogen,  yet  if  the  two  gases  be  mixed,  they  will  not 
separate  however  long  they  may  be  allowed  to  remain  at  rest.  Again,  when  two 
gases  are  separated  by  a  porous  membrane,  an  interchange  of  particles  takes  place 
through  the  membrane,  until  ultimately  the  composition  of  the  mixture  on  both 
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Bides  is  the  same,  but  the  rapidity  with  which  the  interchange  is  effected  is  different 
with  different  gases.  These  are  the  two  main  features  of  the  phenomenon  of  diffu- 
sion. The  laws  regulating  the  nature  and  the  rapidity  of  the  intermixture  have 
been  fully  investigated  by  Graham,  and  may  be  illustrated  by  the  following  experi- 
ments. Two  jars  filled  with  different  gases,  as,  for  example,  oxygen  and  hydrogen, 
are  connected  by  means  of  a  long  glass  tube  passing  through  perforated  corks.  The 
jar  of  hydrogen  is  placed  uppermost.  In  the  course  of  a  few  hours  the  oxygen  will 
ascend  to  the  upper  jar,  and  the  hydrogen  will  descend  to  the  lower.  Ultimately 
both  jars  will  contain  a  mixture  in  the  same  proportion,  which  will  continue  uniform 
and  permanent.  The  same  result  will  take  place  with  any  other  gases  or  yapors 
which  do  not  act  chemically  on  one  another. 

As  a  second  experiment,  let  a  glass  vessel  be  filled  with  oxygen  gas,  tied  over 
with  a  membrane,  and  placed  under  a  bell-jar  of  hydrogen.  The  gases  will  diffuse 
through  the  porous  membrane,  but,  after  an  interval  of  an  hour  or  more,  it  will  be 
found  that  the  volume  of  hydrogen,  which  has  passed  into  the  smaller  vessel,  is 
greater  than  the  volume  of  oxygen  which  has  passed  -outwards,  and  the  membrane 
will,  in  consequence,  be  distended  outwards.  If  the  small  vessel  be  filled  with  hydro- 
gen, and  the  bell-jar  with  oxygen  gas,  the  membrane  will  be  concave  instead  of 
convex,  showing  that  in  this  case,  as  in  the  first,  more  hydrogen  has  passed  through 
the  membrane  outwards,  than  oxygen  gas  inwards. 

The  rates  of  diffusion  of  different  gases  may  be  compared  by  means  of  a  diffusion 
tube.  This  is  a  graduated  tube,  10  or  12  inches  long,  closed  at  one  end  by  a  dry 
plug  of  plaster  of  Faris,  or  compressed  plumbago.  If  the  tube  be  filled  with  hydro- 
gen, aim  the  open  end  be  placed  in  a  vessel  of  mercury,  so  that  the  surface  of  the 
mercury,  within  and  without  the  tube,  stands  at  the  same  level,  it  will  be  found  that 
the  mercury  in  the  tube  will  immediately  begin  to  rise,  in  opposition  to  gravity,  and 
that,  in  a  few  minutes,  it  will  stand  several  inches  higher  within  than  without 
Hydrogen  will  have  passed  out  of  the  tube,  and  air  will  nave  entered  through  the 
porous  plug,  but  the  passage  of  the  former  will  have  been  much  more  rapid  than 
that  of  the  latter.  By  experiments  similar  to  this,  made  with  different  gases, 
Graham  has  determined  the  rates  of  gaseous  diffusion,  and  has  found  that  the  diffu- 
sion volume  of  a  gas  is  in  the  inverse  proportion  to  the  square  root  of  its  density. 
Thus,  in  the  second  experiment  described  above,  since  the  densities  of  hydrogen  and 
oxygen  are  as  one  to  sixteen,  and  the  square  root,  therefore,  as  one  to  four,  four 
times  as  much  hydrogen  would  pass  through  the  membrane  as  oxygen.  The  density 
of  air  is  to  that  of  hydrogen  as  1 :  .0692 ;  and  the  square  roots,  therefore,  as  1 :  .2632; 
hence,  in  the  third  experiment,  for  every  volume  of  hydrogen  which  passed  out  .2632 
volumes  of  air  passed  in ;  or  for  every  measure  of  air  passed  in  (1  by  .2632)  or  3.7994 
measures  of  hydrogen  passed  out.  Hence,  if  air  be  taken  as  unity,  Graham's  law 
gives  the  diffusion  volume  of  hydrogen  as  3.7994.  Actual  experiment  gives  3.83. 
The  following  table  gives  the  results  of  calculation  and  experiment,  in  the  cases  of 
several  important  gases : — 

nM.„„  Square  i  Diffusion 

Ou.  if?     f  «<><>*  y^      ,_  Volume  from 

*lr  =  i.  of  Density.  \/»en«ity.  Experiment. 

Hydrogen  .        .  .  .0692  .2632  3.7994  3.83 

Marsh  Gas         .  .  .559  .7476  1.3375  1.344 

Carbonic  Oxide  .  .968  0.9837  1.0165  1.015 

Nitrogen    .        .  .  .971  0.9856  1.0147  1.014 

OlefiantGas      .  .       978  0.9889  1.0112  1.019 

Oxygen      .        .  .  1.1056  1.0515  0.9510  1.949 

Sulphuretted  Hydrogen  1.1912  1.0914  0.9162  0.95 

Nitrous  Oxide    .  .  1.527  1.2357  0.8092  0.82 

Carbonic  Acid    .  .  1.529  1.2365  0.8087  0.812 

Sulphurous  Acid  .  2.247  1.4991  0.6671  0.68 

When  a  mixture  of  gases  is  introduced  into  the  diffusion  tube,  each  preserves  the 
rate  of  diffusion  peculiar  to  itself,  so  that  a  partial  mechanical  separation  of  two 
gases  of  different  densities,  which  are  mixed,  may  be  effected  by  diffusion.  If  two 
gases  have  the  same  temperature,  and  be  heated  through  the  same  number  of  de- 
grees, the  relation  of  their  densities  remains  unaltered,  consequently  the  relative 
rates  of  diffusion  also  remain  the  same,  but  since  the  density  of  each  is  diminished  by 
a  rise  of  temperature,  the  rate  of  diffusion  is  accelerated.    The  increase  in  the  velo- 
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city  of  diffusion  is  not,  however,  proportional  to  the  increase  of  volume  due  to  the 
riw  of  temperature,  the  second  being  more  rapid  than  the  first,  consequently  a  given 
weight  of  gas  will  be  diffused  more  quickly  at  a  lower  than  at  a  higher  temperature. 
(Graham,  Phil.  Mag.,  1833,  vol.  ii.  p.  352 ;  1840,  vol.  i. ;  1846,  pp.  574,  591 ;  1849, 
p.  349;  1863,  pp.  385  and  405.) 

Diffusion  OI  Liquids.  When  a  glass  phial  containing  a  saline  solution  is  gently 
introduced  into  a  larger  vessel  containing  water,  or  a  solution  of  different  density 
from  the  first,  in  such  a  manner  that  they  do  not  immediately  mix,  diffusion  gradu- 
ally takes  place,  and,  after  a  certain  time,  depending  on  the  nature  of  the  liquids, 
the  temperature,  and  the  degree  of  concentration,  the  liquid  inside  and  outside  the 
£'ass  phial  will  be  identical  in  composition.  These  phenomena  were  first  minutely 
investigated  by  Professor  Graham.  (See  Phil.  Trans.  1850, 1862.  Journal  of  the 
Chem.  Hoc  iii.  60,  257;  iv.  83;  and  xv.  216.)  With  crystalline  bodies  it  has  been 
found  that  different  salts,  in  solutions  of  equal  strength,  diffuse  unequally  in  equal 
times,  and  the  rate  of  diffusion  increases  with  the  temperature,  the  general  law  for 
one  salt  being  that  the  velocity  with  which  a  soluble  salt  diffuses  from  a  stronger  into 
a  weaker  solution  is  proportional  to  the  difference  of  concentration  between  two 
contiguous  strata.  Tne  rate  of  diffusion  coincides  in  many  cases,  the  groups  being 
identical  with  those  of  isomorphous  bodies.  Thus  hydrochloric,  hydrobromic,  and 
hydriodic  acids  diffuse  at  equal  rates ;  and  the  same  rule  holds  good  with  the  chlo- 
rides, bromides,  and  iodides  of  the  alkaline  metals,  with  the  sulphates  of  magnesium 
and  zinc,  etc  Some  bodies — namely,  those  classed  by  Graham  as  colloids — diffuse 
with  extreme  slowness.  Thus  taking  the  time  required  for  a  certain  amount  of  hydro- 
chloric acid  to  diffuse  as  unity,  the  following  table  exhibits  the  time  required  for 
the  same  quantities  of  other  substances : — 


Hydrochloric  acid 
Chloride  of  sodium 
Sugar  . 


1 
2.33 

7 


Sulphate  of  Magnesium  .  .  7 
Albumen  .  .  .  .49 
Caramel         .        .        .        .28 


The  two  latter  substances  are  colloids.  Diffusion  takes  place  with  great  regularity 
through  a  septum  of  bladder,  or,  preferably,  parchment  paper  ;  and  this  principle 
has  been  applied  by  Professor  Graham  as  the  foundation  of  a  most  important  branch 
of  analysis  for  the  separation  of  different  substances,  to  which  he  has  given  the  name 
of  Dialysis  (q.v.). 

Digester.    See  Paptris  Digester. 

Diminution  of  Light  of  Gas  by  Admixture  of  Air.    Dr.  Frankland  gives  the 

following  table  in  his  lectures  on  coal  gas,  delivered  before  the  Royal  Institution  of 
Great  Britain  in  the  spring  of  1867 : — 


Illuminating 

Illuminating 

Sabctase*  burnt. 

power. 

Subitance  burnt. 

power. 

Pure  gas 

\ 

• 

. 

.        100 

Gas  with  8 

per  cent. 

of 

air 

42 

Gas  with  1  per 

cent,  of 

air 

94 

It 

9 

it 

36 

«< 

2 

it 

89 

II 

10 

it 

33 

u 

3 

« 

82 

« 

15 

u 

20 

u 

4 

u 

74 

II 

20 

u 

7 

« 

5 

It 

67 

II 

30 

II 

2 

it 

6 

It 

56 

It 

40 

« 

0 

u 

7 

it 

47 

Thus,  when  coal  gas  is  burnt  with  an  admixture  of  40  per  cent,  of  atmospheric 
air,  it  ceases  to  be  luminous ;  in  fact,  the  particles  of  carbon  which  exist  in  an  ordi- 
nary flame,  and  by  their  incandescence  render  it  luminous,  are  now  oxidized  in  the 
flame,  and  we  obtain  a  flame  similar  to  that  afforded  by  a  Bunsen's  burner,  that 
is,  of  great  heating  power,  but  no  luminosity. 

Diphda.     (Arabic.)     The  6 tar  j3  of  the  constellation  Cetus. 

Dip,  Magnetic,  is  the  angle  which  the  direction  of  a  magnetized  needle,  free 
to  move  in  the  plane  of  the  magnetic  meridian,  makes  with  the  horizontal  plane  at 
the  place.  Let  a  magnetized  needle,  free  to  turn  in  a  vertical  plane,  be  placed  so 
that  that  plane  may  coincide  with  the  plane  of  the  magnetic  meridian,  it  will  be 
found  that  in  most  localities  one  end  or  other  will  dip  downward,  and  thus  the  di- 
rection of  the  needle  will  make  a  certain  angle  with  the  horizontal  plane  at  the 
place.    This  angle  is  called  the  anyle  of  dtp,  or  the  magnetic  dip.    For  example, 
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-DIPPING-NEEDLE. 


in  England,  a  needle  ho  placed  dips  its  north  end  downwards,  and  the  angle  of  dip 
is  about  G8°.  At  all  places  north  of  a  certain  line,  called  the  magnetic  equator, 
at  which  the  dip  is  zero,  and  which  lies  near  to  the  geographical  equator,  the  north 
end  of  the  needle  dips  downwards,  and  the  angle  increases  as  we  go  northwards, 
1'he  same  is  the  case  south  of  the  magnetic  equator,  except  that  the  south  end  of 
the  needle  dips  downward.     (See  also  Magnetism,  Terreetrial.) 

Lip  of  the  Horizon.  The  angle  which  a  line  drawn  from  the  eye  to  the  apparent 
horizon  makes  with  the  plane  of  the  rational  horizon.  The  earth  being  a  sphere, 
if  the  eye  is  raised  above  the  earth's  surface,  a  line  from  the  eye  to  the  apparent 
horizon — that  is,  to  the  farthest  visible  point  of  the  earth  in  any  direction — is  a 
tangent  to  the  earth  at  that  point.  On  the  other  hand,  the  plane  of  the  rational 
horizon  is  a  tangent  plane  to  the  earth  at  the  point  vertically  below  the  observer. 
Thus  it  is  easily  seen  that  the  dip  of  the  horizon  is  equal  to  the  angle  between  the 
vertical  at  the  observer's  station,  and  the  vertical  at  the  farthest  risible  point  of 
the  earth.  If  ere  no  account  has  been  taken  of  the  irregularities  of  the  earth's  sur- 
face. Refraction  also  affects  the  apparent  dip  of  the  horizon.  (See  Rtfraction, 
Atmospheric.) 

Dipping-needle.  An  instrument  for  measuring  the  angle  of  dip  or  magnetic  in- 
clination at  a  given  place — that  is,  the  angle  which  a  magnet,  free  to  move  aboit 
a  horizontal  axis,  ana  placed  in  the  magnetic  meridian,  makes  with  the  horizontal 
plane  (Figs.  41  and  42). 


Fig.  41. 


Fig.  42. 


The  dipping-needle  consists  of  a  light  magnetized  bar,  supported  by  a  horizontal 
axis,  and  thus  capable  of  turning  in  a  horizontal  plane.  The  axis  is  either  a  fine 
bnife  edge,  resting  on  an  agate  plate,  or  a  delicate  steel  wire  on  friction  rollers. 
The  axis  is  at  the  centre  of  a  vertical  graduated  circle,  and  the  point  of  the  needle, 
or  of  an  index  attached  to  it,  moves  over  the  graduations,  so  that  the  inclination  of 
the  needle  to  the  horizontal  plane  can  be  road  off  by  means  of  them.  This  vertical 
circle  is  supported  on  a  short  vertical  pillar,  which  turns  round  its  own  axis  at  the 
centre  of  a  horizontal  graduated  circle ;  the  pillar  carries  nn  arm  which  is  furnished 
at  its  extremity  with  a  vernier  and  clamping  screw,  and  the  vernier  moves  over  the 
divisions  of  the  horizontal  circle.  A  three-legged  support,  having  levelling  screws 
at  its  feet,  completes  the  instrument 

To  use  tho  instrument,  it  is  first  carefully  levelled,  and  the  vertical  circle  is  then 
tnrned  round  upon  its  pivot  till  the  needle  stands  vertical.  When  Ihis  is  the  case, 
the  only  force  acting  upon  it  is  the  vortical  component  of  the  earth's  magnetism, 
and  we  know  that  in  this  case  the  plane  of  the  circle  in  which  it  swings  must  be  at 
right  angles  to  the  magnetic  meridian,  which  we  thus  determine.  This  done,  the 
circle  containing  the  magnet  is  turned  through  90°  exactly,  by  means  of  the  vernier 
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moving  on  the  horizontal  circle  beneath.  Thus  the  needle  will  be  free  to  move  in 
the  plane  of  the  magnetic  meridian.  It  will  take  up  a  certain  position  inclined  at 
mil  angle,  depending  on  the  locality,  to  the  horizontal  plane.  This  angle  is  read  off 
on  the  graduated  circle,  and  is  the  magnetic  dip  or  inclination  at  the  place  of  ob- 
servation. 

Direct  Motion  ©f  a  Comet.  A  comet  is  said  to  have  direct  motion  when  it 
travels  round  the  sun  in  the  same  direction  as  the  planets. 

Direction  Of  Force.  When  a  force  acts  upon  a  point  at  rest,  the  direction  of  the 
force  is  the  line  along  which  the  point  would  commence  to  move  if  it  were  free  to  do 
so ;  when  only  one  force  acts  upon  a  point  the  direction  of  the  force  is  the  direction 
of  motion.  Direction  is  one  of  the  properties  of  forces  which  can  be  represented  by 
straight  lines,  and  on  this  account  it  is  sometimes  termed  a  geometrical  property. 
(See  Graphic  Representation  of  Forces.) 

Directive  Force.  The  action  of  the  earth  upon  a  magnetized  needle  is  generally 
spoken  of  in  these  terms.  For  the  influence  of  the  earth  upon  the  magnet  is  simply 
directive.  It  tends  to  place  the  axis  of  the  magnet  in  a  certain  line,  but  there  is 
no  force  of  translation,  that  is,  no  tendency  to  make  the  magnet  move  bodily  from 
place  to  place.  This  may  be  shown  experimentally  by  placing  a  magnetized  needle 
on  a  piece  of  cork  floating  on  water.  The  needle,  and  the  cork  with  it,  turns  round 
so  that  it  points  north  and  south  ;  but  it  only  turns  about  its  centre,  and  does  not 
move  either  northward  or  southward.  But  if  another  magnetized  bar  be  brought 
near  to  the  needle,  not  only  does  it  give  it  a  definite  direction,  but  it  also  exerts  upon 
it  an  attractive  force  which  makes  the  needle  move  bodily  towards  the  bar.  The 
reason  is  that  in  the  latter  case  the  attracted  pole  is  sensibly  nearer  than  the  repelled 
pole,  and  hence  the  force  of  attraction  exerted  upon  the  needle  preponderates.  (See 
Attraction,  Magnetic.)  In  the  case  of  the  eartn,  on  the  other  nand,  the  length  of 
any  needle  or  bar  is  so  short  compared  with  the  distance  of  the  needle  from  the  centre 
of  the  earth's  magnetic  force,  that  both  poles  of  the  needle  are  sensibly  at  the  same 
distance  from  that  point,  hence  the  force  of  attraction  exerted  on  one  pole  is  equal 
to  the  force  of  repulsion  exerted  on  the  other  pole,  and  there  is  no  tendency  in  the 
iiissjrnct  to  move  one  way  more  than  another.  The  force  exerted  upon  the  needle  is 
of  the  nature  of  a  couple  (see  Couple),  and  the  tendency  to  turn  the  magnetic  axis 
into  a  certain  line  is  measured  by  the  moment  of  the  couple;  that  is,  the  product 
of  the  number  which  expresses  the  length  of  the  bar  and  the  number  which  expresses 
the  absolute  force  exerted  on  either  end.  The  latter  depends  upon  the  intensity  of 
magnetization  and  on  the  position  of  the  bar  on  the  earth's  surface.  (See  Magne- 
tism; Magnetism,  Terrestrial.) 

Direct  Vision  Prism.     See  Prism,  Direct  Vision. 

Disk.  (6toxoj,  a  round  plate.)  A  term  applied  to  the  visible  surface  of  the  sun, 
the  moon,  or  a  planet. 

Discharge.  When  an  electrified  body  loses  its  electricity  and  returns  to  its  nor- 
mal unexcited  state,  it  is  said  to  be  discharged.  There  are  various  ways  in  which 
discharge  may  take  place. 

(a)  Disruptive  Discharge,  which  consists  in  the  breaking  through  of  the  insulat- 
ing medium  which  surrounds  the  charged  body.  This  occurs  in  three  forms — the 
discharge  by  a  spark,  the  brush  discharge,  and  the  silent  or  gloto  discharge.  The 
phenomena  of  disruptive  discharge  were  investigated  very  completely  by  Faraday 
in  connection  with  his  theory  of  induction  (Exp.  Researches,  ser.  xii.,  Phil.  Trans. 
1838).  Harris  (Phil.  Trans.  1834)  examined  the  laws  for  the  electric  spark.  The 
best  way  of  observing  the  spark  is  between  a  small  ball,  about  an  inch  in  diameter, 
and  one  very  much  larger ;  one  of  them  is  electrified  positively  by  means  of  a  good 
electric  machine,  and  the  other  connected  with  the  earth.  On  turning  the  machine, 
keeping  the  balls  from  one  to  two  inches  apart,  bright  sparks  may  be  seen  passing, 
accompanied  by  a  sharp  report  like  the  cracking  of  a  whip.  At  this  distance  the 
sparks  appear  to  pass  straight  between  the  two  balls,  and  to  the  unprotected  eve 
look  like  lines  of  fire  of  considerable  thickness.  If  the  distance  between  the  balls 
be  increased  beyond  two  inches  the  spark  takes  a  branching  form,  having  a  root 
upon  the  smaller  ball,  and  extending  with  lateral  forks  towards  the  larger  ball. 
The  direction,  too,  of  the  sparks  is  crooked  and  irregular.  With  a  Winter's  ma- 
chine, furnished  with  a  large  rinpr,  6parks  may  be  obtained  from  twelve  to  fourteen 
inches  long,  which,  when  viewed  in  a  darkened  room,  show  beautiful  branches  and 
offshoots.    The  appearance  of  the  sparks  depends  somewhat  upon  whether  the  large 
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or  the  small  ball  is  electrified  positively.  The  distance  which  the  sparks  will  pass 
depends  upon  the  auantity  of  electricity  upon  the  balls,  and  also  upon  the  nature 
and  condition  of  the  insulator  or  dielectric  which  is  between  them ;  the  kind  of 
electrification  of  the  balls  also  affects  it.  Harris  showed  that  the  quantity  on  the 
charged  ball  required  to  produce  a  spark  varies  directly  and  simply  with  the  dis- 
tance between  the  balls ;  and  that,  the  quantity  remaining  the  same,  the  distance 
at  which  a  spark  will  pass  is  greater  as  the  density  of  the  air  between  the  balls  is 
less ;  or,  the  distance  remaining  the  same,  the  quantity  required  to  produce  sparks 
varies  directly  with  the  density  of  the  air.  Faraday  showed  that  the  nature  of  the 
gas  likewise  affects  the  production  of  a  spark,  and  that  not  on  account  of  the  den- 
sity of  the  gas.  He  showed  that  hydrogen  has  very  little  insulating  power,  that 
hydrochloric  acid  gas  has  nearly  three  times  the  insulating  power  of  hydrogen, 
nearly  twice  that  of  oxygen,  and  is  considerably  higher  than  that  of  nitrogen,  which 
again  stands  higher  than  oxygen.  Faraday  also  found  that  the  color  of  the  electric 
spark  depends  upon  the  medium  through  which  it  passes.  Thus,  in  air  it  is  of  a 
well-known  purplish-white.  In  nitrogen  gas  the  purple  or  red  color  is  more  powerful 
than  in  air.  In  oxygen  and  in  carbonic  acid  the  spark  is  very  white,  while  in  hydro- 
gen its  color  approaches  crimson. 

The  Brush  Discharge  is  thus  described  by  Faraday.  He  produces  it  by  attach- 
ing to  the  prime  conductor  of  an  electric  machine  a  metal  rod,  0.3  of  an  inch  in 
diameter,  and  terminated  by  a  rounded  end  or  small  ball ;  and,  if  necessary,  bring- 
ing near  to  it  some  large  conducting  surface.  "  The  brush,"  he  says,  "  was  obtained 
by  a  powerful  machine  on  a  ball  about  0.7  of  an  inch  in  diameter,  attached  to  the 
positive  prime  conductor — a  short  conical  bright  part  or  root  appeared  at  the  middle 
part  of  the  ball,  projecting  directly  from  it,  which,  at  a  little  distance  from  the  ball, 
broke  out  suddenly  into  a  wide  brush  of  pale  ramifications,  having  a  quivering  mo- 
tion, and  being  accompanied  at  the  same  time  with  a  low  dull  chattering  sound. 
On  using  a  smaller  ball  the  general  brush  was  smaller,  and  the  sound  though  weaker 
more  continuous."  The  nature  of  the  gas  in  which  the  brush  occurs  is  found  to  in- 
fluence the  appearance  of  it.  In  nitrogen  the  brush  is  very  easily  obtained,  and  it 
is  remarkably  fine  in  form,  color,  and  in  the  light  exhibited.  In  oxygen  the  baish 
is  close  and  compound,  and  not  so  brilliant.  In  hydrogen  it  is  better  than  in  oxy- 
gen, the  color  of  it  is  greenish  gray ;  while  in  carbonic  acid  gas  and  in  hydrochloric 
acid  gas  it  is  difficult  to  obtain  a  brush  at  all. 

When  a  thinner  metallic  rod  than  that  described  above,  such  as  0.2  in.  or  even 
less  in  diameter  terminated  by  a  conical  point,  is  attached  to  the  prime  conductor  of 
an  electric  machine,  the  glow  discharge  is  obtained.  It  consists  of  a  silent  steady 
flame  playing  around  the  point  of  the  rod  accompanied  by  powerful  currents  of  air 
proceeding  from  it.  If  the  air  around  the  point  be  rarefied,  either  by  means  of  the 
air  pump  or  by  heating,  the  glow  may  be  obtained  much  larger  and  finer  in  respect 
of  light.  In  both  the  brush  and  glow  discharge  the  appearance  is  considerably 
altered  if  the  negative  conductor  of  the  electric  machine  be  used  instead  of  the  posi- 
tive or  prime  conductor. 

As  we  have  already  mentioned,  in  all  these  cases  a  breaking  down  of  the  molecu- 
lar arrangement  of  the  particles  of  the  dielectric  accompanies  the  disruptive  discharge. 
Induction  precedes  the  discharge,  and  by  it  the  molecules  are  thrown  into  a  strained 
or  polarized  state  (sec  Induction]  ;  when  the  strain  becomes  too  great  to  be  any 
longer  sustained,  a  subversion  of  the  molecules  takes  place,  and  discharge  is  the 
consequence. 

(j3)  Conductive  Discharge.  "When  an  electrified  body  is  touched  by  a  conductor 
connected  with  the  earth,  or  more  generally  when  two  points  having  a  difference  of 
electric  potential,  as  for  instance  the  two  ends  of  a  voltaic  pile  or  battery,  are  joined 
by  means  of  a  conductor,  a  passage  of  electricity,  according  to  common  phraseology, 
or  a  discharge,  takes  place :  this  is  called  conductive  discharge,  or  discharge  by 
conduction.  Particulars  on  the  subject  will  be  found  under  Conductor;  Conduc- 
tion. 

(y)  There  is,  lastly,  discharge  by  convection  or  convective  discharge.  When  an 
electrified  body  is  surrounded  by  a  gas,  the  particles  of  the  gas,  continually  moving 
from  place  to  place,  come  in  contact  with  the  electrified  body ;  each  little  particle 
becomes  charged  and  repelled  from  the  body,  and  thus  carries  away  a  portion  of  tho 
electricity.  This  is  convective  discharge.  Coulomb,  in  investigating  the  laws  of 
the  distribution  of  electricity  upon  conductors,  was  obliged  to  take  into  account  the 
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Ion  sustained  by  his  conductors  standing  charged  for  some  time  in  air.  He  showed 
that  the  quantity  lost  by  convection  in  a  given  time  it  proportional  to  the  charge 
of  the  conductor. 

Diioharger.  An  instrument  used  Tor  discharging  a  Leydeo  jar,  an  electric  bat- 
tery, or  other  condenser,  in  order  to  avoid  the  danger  of  allowing 
the  charge  to  pass  through  the  body  of  the  experimenter. 
(Fig.  43.)  It  consists  of  two  bent  brass  wires  connected  to- 
gether by  a  joint  at  one  end,  the  other  extremities  being  far- 
nnhed  with  knobs  of  brass ;  thus  by  means  of  the  joint  the 
knobs  may  be  placed  at  different  distances  from  each  other. 
At  the  joint  there  is  a  glass  handle,  by  means  of  which  the 
toon  may  be  held,  glass  being  a  non-conductor  of  electricity. 

Discharger,  Universal.  An  apparatus  much  used  in  con- 
nection with  Ley  den  batteries  or  heavily  charged  condensers. 
(Fig.  44.)  On  a  convenient  stand  are  placed  two  glass  pillars  which  are  surmounted 
dt  universal  joints,  and  through  each  of  these  passes  a  movable  brass  rod,  one  end 
of  which  bears  a  ring  for  convenience  of  attachment  to  the  battery,  and  the  other 

Fig.  44. 


Fig.  43. 


a  knob.  Between  these  knobs  is  a  small  ivory  table,  the  height  of  which  can  be 
altered  at  pleasure,  and  on  which  may  bo  placed  any  object  through  which  it  is 
wished  to  pass  an  electric  discharge. 

Dispersion.  [Dispergo,  dispersus — di,  asunder ;  and  spargo,  to  scatter.)  The 
dispersion  of  light  is  its  separation  into  colored  rays  by  passage  through  a  prism  ; 
the  amount  of  dispersion  varies  with  the  substance  of  the  prism.  (See  Dispersion, 
CoeMaentsof. 

Dispersion,  Coefficients  of.  When  a  ray  of  light  is  passed  through  a  prism,  it 
suffers,  besides  refraction,  dispersion,  i.  e.,  it  is  separated  into  its  component  colors. 
But  for  the  same  amount  or  refraction  different  media  disperse  these  colors  differently, 
and  the  difference  between  the  indices  of  refraction  of  the  fixed  lines  B  and  A  pro- 
duced by  a  refracting  medium  is  called  its  coefficient,  of  dispersion,  or  simply  its 

abstract  of  one  given  by 


The  following  table  of  Coefficients  of  Dispersi 
Sir  D.  Brewster,  in  bis  "  Treatise  on  Optics,    paj 


COifl 


Oil  of  cassia, 
Phosphorus,  . 
Bisulphide  of  carbon, 
Balsam  of  Pern,    . 
Oil  of  bitter  almonds, 
Oil  of  anise  seed,  . 
Oil  of  cumin, 


0.048 
0.044 
0.033 


Oil  of  cloves,  .        .        .  0.033 

Oil  of  sassafras,     .        .        .  0.032 

Rosin 0.032 

Rock  salt,      ....  0.029 

Caoutchouc,  .        .        .  0.028 

Flint  glass 0.026 

Do.,      another  sample,    .  0.029 
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Snbstaned. 

Oil  of  juniper, 

Nitric  Acid, 

Canada  balsam, 

Cajeput  oil, 

Oil  of  poppy, 

Zircon, 

Hydrochloric  acid, 

Gum  copal,    . 

Nut  oil, 

Oil  of  turpentine,  . 

Felspar, 

Amber, 

Calcspar,  greatest. 

Diamond, 

Oil  of  Olives, 

Gum  mastic, 

Beryl,    . 

Ether,    . 

Selenite, 

Alum,    . 

Castor  oil, 

Crown  glass,  green, 

Gum  Arabic, 


Coefficients 
of  Dispersion. 

.  0.022 

.  0.019 

.  0.021 

.  0.021 

.  0.022 

.  0.045 

.  0.016 

.  0.024 

.  0.022 

.  0.020 

.  0.022 

.  0.023 

.  0.027 

.  0.056 

.  0.018 

.  0.022 

.  0.022 

.  0.012 

.  0.020 

.  0.017 

.  0.018 

.  0.020 

.  0.018 


8abatanoe. 

Water, 

Citric  acid,    . 

Glass  of  borax, 

Garnet, 

Chrysolite,    . 

Crown  glass, 

Plate  glass, 

Sulphuric  Acid, 

Tartaric  acid, 

Nitre,    . 

Borax, 

Alcohol, 

Sulphate  of  baryta, 

Bock  crystal, 

Borax  glass,  1  bor.  2  silica. 

Blue  sapphire, 

Chrysoberyl, 

Blue  topaz,   . 

Sulphate  of  strontia, 

Hydrocyanic  acid, 

Fluor  spar,    . 

Cryolite, 


CeeAeiantf 
of  Dispersion. 

.    0.012 

.    0.019 

.    0.018 

.    0.018 

.    0.022 

.    0.018 

.    0.017 

.    0.014 

.    0.016 

.    0.009 

.    0.014 

.    0.011 

.    0.011 

.    0.014 

0.014 

0.021 

0.019 

0.016 

0.015 

0.008 

0.010 

0.007 


Dispersion,  Epipolio.    See  Fluorescence. 

Dispersion,  False.     See  Fluorescence. 

Dispersion,  Internal.     See  Fluorescence. 

Dispersion,  Irrationality  of.  It  has  been  found  that  two  substances,  when 
made  into  prisms,  may  produce  spectra  of  equal  lengths,  but  in  one,  oil  of  Cassia  for 
instance,  the  blue  end  is  more  expanded  than  the  red  end,  whilst  in  the  other,  sul- 
phuric acid  for  instance,  the  red  end  is  more  expanded  than  the  blue.  This  phe- 
nomenon is  called  the  irrationality  of  dispersion,  and  must  be  taken  into  account  in 
the  formation  of  achromatic  lenses.     (See  Achromatism.) 

Dispersion,  Partial.     See  Partial  Dispersion. 

Displacement  of  Liquids.  If  we  take  a  vessel  exactly  brimful  of  water,  and 
totally  immerse  iu  the  water  a  body  which  is  neither  soluble  in  the  water  nor  pene- 
trable by  it,  it  is  clear  that  the  body  displaces  a  volume  of  water  equal  to  its  own 
volume,  and  that  the  volume  of  the  water  which  overflows  is  equal  to  the  volume 
of  the  body  immersed.  Again,  if  the  water  be  contained  in  a  vessel  (say  cylindrical) 
of  sufficient  capacity  to  receive  the  body  without  an  overflow  resulting,  the  water 
will  rise  higher  and  higher  in  the  cylinder,  as  the  body  sinks  beneath  its  surface 
until  it  is  wholly  immersed.  In  order  that  the  body  may  be  immersed,  an  equal 
volume  of  water  must  be  lifted  ;  in  other  words,  the  weight  must  be  overcome  of  a 
volume  of  water  equal  in  volume  to  the  body.  Consequently,  whenever  a  body  is 
immersed  iu  a  liquid,  it  presses  upwards  by  a  force  equa.  to  the  weight  of  the  liquid 
it  displaces.  Whether,  therefore,  a  body  will  sink  or  rise  when  plunged  into  the 
midst  of  a  liquid,  depends  upon  whether  the  weight  of  the  body  is  greater  or  less 
than  the  weight  of  an  equal  volume  of  the  liquid.  If  the  former  is  the  case  the 
body  will  sink  in  the  liquid ;  but  the  force  with  which  it  sinks,  that  is,  its  weight  in 
the  liquid,  must  be  less  than  its  weight  in  vacuo,  because  it  is  pressed  upwards  by 
a  force  equal  to  the  weight  of  the  liquid  displaced.  Its  sinking  force  is  therefore 
equal  to  its  original  weight,  minus  the  weight  of  an  equal  volume  of  liquid.  If  the 
body  be  lighter  than  an  equal  volume  of  liquid,  it  will,  if  it  have  the  same  size  as  the 
one  previously  considered,  be  drawn  to  the  earth  by  a  less  force  than  before ;  but  it 
will  be  pressed  upwards  by  a  force  equal  to  the  upward  force  in  the  former  case, 
namely,  the  force  equal  to  the  bulk  of  the  displaced  liquid.  The  upward  force  will  now 
be  greater  than  the  downward  one,  and  the  body  will  rise  with  a  force  equal  to  the  dif- 
ference of  the  two  forces  acting  on  it,  which  will,  in  this  case,  be  the  weight  of  a 
volume  of  liquid  equal  in  volume  to  the  body,  minus  the  weight  of  the  body.  The 
force  with  which  such  a  body  rises  is  called  its  buoyancy.  If  a  body,  which  is  lighter 
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than  an  equal  volume  of  water,  be  held  so  as  to  touch  the  surface  of  the  water,  and 
then  let  go,  it  will  sink  until  it  floats ;  or,  if  the  same  body  be  allowed  to  rise  from 
a  state  of  total  immersion,  until  it  floats,  it  will  attain  a  position  of  equilibrium  in 
which  only  a  portion  of  it  is  immersed,  that  is,  below  the  horizontal  surface  of  the 
liquid.     In  this  state  of  equilibrium  the  upward  and  downward  forces  must  be  equal. 
The  second  is  the  actual  weight  of  the  body,  the  first  is  a  force  equal  to  the  weight 
of  the  liquid  displaced.     These  principles  collectively  constitute  the  "Principle  of 
Archimedes."    The  same  principle  becomes  more  clear  from  another  method  of  con- 
sideration.    Imagine  a  vessel  of  liquid  to  be  at  rest.     Conceive  any  volume  in  it 
(say  a  cubic  inch)  to  be  isolated  from  the  rest  by  six  rigid  walls,  without  thickness 
ana  without  weight     It  is  self-evident  that  isolation  of  this  kind  would  not  influence 
the  equilibrium  either  of  the  included  or  excluded  portion.    We  know,  however, 
that  tnc  inclosed  portion  is  being  acted  on  by  gravity,  and  urged  down  by  its  own 
weight.    Since,  however,  it  is  at  rest,  this  downward  tendency  must  be  counteracted 
by  an  equal  and  opposite  force.     In  other  words,  the  cubic  inch  must  be  pressed 
upwards  by  a  force  equal  to  the  weight  of  a  cubic  inch  of  the  liquid.    If,  now,  we  im- 
agine the  rigid  cubic  inch  to  be  emptied  of  liquid,  we  disturb  the  condition  of  equi- 
librium by  removing  one  of  the  opposing  forces.     Consequently,  the  cubic  inch  will 
rise  with  a  force  equal  to  the  weight  of  a  cubic  inch  of  liquid.    If  now  this  rigid, 
empty,  weightless  cubic  box  be  filled  with  olive  oil,  it  will,  indeed,  be  pressed  down 
by  the  weight  of  that  cubic  inch  of  oil,  but  it  will  be  pressed  upwards,  as  before,  by 
a  force  equal  to  the  weight  of  a  cubic  inch  of  liquid  (say  water).     Now  a  cubic  inch 
of  water  weighs  more  than  a  cubic  inch  of  olive  oil,  consequently  the  cube  of  oil  will 
rise  with  a  force  equal  to  the  difference  of  these  two  weights.     If,  however,  the  rigid 
empty  cube  be  filled  with  mercury,  it  will  be  pulled  down  by  a  force  greater  than 
the  weight  of  a  cubic  inch  of  water,  and  will  still  be  pushed  upwards  by  a  force 
equal  to  the  weight  of  a  cubic  inch  of  water.     It  will,  tnerefore,  sink  with  a  force 
equal  to  the  difference  between  the  weights  of  a  cubic  inch  of  mercury  and  a  cubic 
inch  of  water. 

Dissected  Jar ;  or,  Jar  with  Movable  Coatings.  Is  used  to  show  that  in  a 
charged  Leyden  jar  the  electricity  is  distributed  upon  the  surface  of  the  dielectric, 
and  not  upon  the  coatings.  It  consists  of  a  glass  jar,  whose  shape  is  that  of  a  trun- 
cated cone,  furnished  with  coatings  of  thin  brass  plate,  or  of  tiufoil  pasted  upon  a 
form  of  card-board.  The  stem  which  carries  the  knob  of  the  jar  is  nrmly  attached 
to  the  bottom  of  the  inside  coating,  and  is  generally  turned  into  a  hook  at  the  top, 
so  that  by  means  of  it  the  inside  coating  may,  if  necessary,  be  lifted  out  on  a  rod  of 
glass,  when  the  jar  is  to  be  used  it  is  charged,  the  inner  coating  is  then  removed 
by  means  of  a  glass  rod :  otherwise  it  may  be  set  on  an  insulating  stool,  and  removed 
by  the  hand.  The  glass  jar  is  then  lifted  out  of  the  outer  coating.  The  coatings 
may  be  handled  or  applied  to  the  electroscope,  and  afterwards  replaced,  when  it  is 
found  that  the  electricity  had  not  left  the  jar  with  them,  the  jar  being  still  charged. 

Dissimulated  Electricity.  A  term  used  to  denote  those  parts  of  the  electric 
force  in  the  outride  and  inside  coatings  of  a  Leyden  jar  or  other  condenser  which 
act  inductively  towards  each  other  in  contradistinction  to  the  portion  which  may 
be  made  to  act  towards  external  objects.  The  dissimulated  electricity  cannot  be 
discovered  by  means  of  the  proof  plane,  or  by  an  electroscope.  (See  Charge,  Free  ; 
and  Faraday's  Exp.  Research.,  ser.  xiv.) 

Dissipation  of  Electricity.  The  gradual  loss  of  electricity,  which  a  charged  con- 
ductor, surrounded  by  non-conductors,  sustains  by  means  of  them,  is  spoken  of  as  the 
dissipation  of  the  charge.  However  good  the  arrangements  for  insulation  may  be, 
there  is  always  a  slow  loss  of  electricity,  and  this,  in  the  matter  of  determining  the 
laws  of  attraction  and  repulsion,  and  of  the  distribution  of  electricity  upon  the  sur- 
fiice  of  conductors,  becomes  a  matter  of  very  high  importance.  Coulomb,  in  his 
investigations  of  these  laws,  arranged  his  experiments  so  as  to  diminish  as  much  as 
possible  the  loss  by  dissipation,  and  he  theu  examined  the  reasons  for  the  loss  which 
his  conductors  still  sustained,  and  the  amount  of  it. 

There  arc  two  chief  causes  of  loss  in  the  case  of  bodies  insulated  by  being  sup- 
ported upon  an  insulator,  and  surrounded  with  air.  In  the  first  place  the  insulating 
support  is  never  perfect.  Coulomb  found  that  glass  stems  are  excessively  bad  insu- 
lators. This  is  due  to  the  thin  invisible  film  of  moisture  which  always  collects  over 
them,  unless  they  are  in  an  artificially  dried  atmosphere.  The  insulating  power  of 
a  glass  stem  is  very  much  improved  by  varnishing  it  thinly  over  with  shell-lac  dis- 
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solved  in  spirits  of  wine.  Moisture  does  not  adhere  with  anything  like  the  suae 
readiness  to  a  class  rod  treated  in  this  way.  For  light  bodies  Coulomb  found  that 
thin  stems  of  shell-lac  drawn  out  make  the  best  support. 

The  second  cause  of  loss  is  that  due  to  the  air  itself.  The  molecules  of  air  in  con- 
tact with  the  conductor  become  charged,  and  therefore  repelled  from  the  body.  They 
thus,  by  degrees,  carry  away  the  electricity  of  the  body ;  the  amount  lost  in  a  given 
time  depends  upon  the  quantity  of  electricity  with  which  the  conductor  is  charged, 
and  diminishes  as  the  charge  gets  weaker  and  weaker,  according  to  logarithmic  law. 
(See  also  Discharge.) 

Dissociation.  {Dm,  apart ;  sorius,  a  companion.)  A  term  first  employed  by 
Ste.  Claire  Derille,  to  express  a  partial  decomposition  which  takes  place  when  chem- 
ical compounds  are  exposed  to  a  very  high  temperature ;  thns,  when  a  rapid  current 
of  steam  is  passed  through  a  white  hot  platinum  tube,  some  of  it  is  decomposed,  and 
an  explosive  mixture  of  oxygen  and  hydrogen  can  be  collected  by  passing  the  mixed 
vapor  and  gases  into  water ;  carbonic  acid  may  likewise  be  decomposed,  by  trans- 
mission through  a  white  hot  porcelain  tnbe  filled  with  fragments  of  porcelain,  into  a 
mixture  of  carbonic  oxide  and  oxygen,  and  bv  a  modification  of  the  apparatus  De- 
ville  has  further  decomposed  carbonic  oxide  into  carbon  and  oxygen,  which  unites 
with  a  further  quantity  of  carbonic  oxide  to  form  carbonic  acid.  Sulphurous  acid, 
under  similar  circumstances,  may  be  resolved  into  sulphur  and  sulphuric  acid ;  and 
in  the  presence  of  cold  metallic  silver  hydrochloric  acid  is  decomposed  into  its  ele- 
ments. The  decomposition  of  water  into  its  elements  may  readily  be  effected  by 
throwing  a  lump  of  white  hot  platinum  into  it ;  a  copious  evolution  of  steam  takes 
place,  and  along  with  this  bubbles  of  permanent  gas  are  seen  to  rise,  which,  on  being 
collected,  proved  to  be  mixed  oxygen  and  hydrogen  gases.  From  these  experiments 
it  is  seen  that  the  force  of  chemical  combination  appears  to  be  suspended  by  great 
heat,  so  that,  at  a  high  temperature  like  that  of  the  sun,  we  may  imagine  that  chemical 
elements,  such  as  oxygen,  hydrogen,  chlorine,  potassium,  etc.,  can  exist  in  the  gas- 
eous state,  intimately  mixed,  bnt  chemically  uncombined. 

Dissonance,  or  Discord,     See  Beats. 

Distillation.  (Didffio,  to  drop  down  slowly.)  An  operation  by  which  a  liquid 
is  converted  into  vapor  by  heat,  which  vapor  is  condensed  by  cold  in  a  separate 

Fig.  46. 


vessel.  It  may  be  employed  for  various  purposes;  thns  simple  distillation  purifies 
liquids ;  it  enables  a  more  volatile  to  be  separated  from  a  less  volatile  substance ;  by 
its  means  a  liquid  possessing  a  definite  boiling  point  may  be  separated  from  other 
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liquids  possessing  other  boiling  points.  This  latter  is  known  as  fractional  distilla- 
tion^ and  is  much  used  in  the  separation  of  hydro-carbons,  the  various  products  being 
collected  at  intervals  of,  say  ten  degrees  of  temperature.  Destructive  distillation 
is  a  term  applied  to  the  distillation  of  solid  organic  matter  without  access  of  air,  etc., 
usually  on  a  large  scale,  when  various  gaseous  and  liquid  products  result ;  thus  coal 
and  wood  are  submitted  to  destructive  distillation  on  the  lavge  scale,  aud  the  products 
in  each  case  are  most  numerous,  and  of  various  compositions.  (Fig.  45.)  The  essen- 
tial parts  of  a  distilling  apparatus  are  a  vessel  in  which  the  substance  is  heated, 
called  sometimes  a  still,  and  sometimes  a  retort;  a  condenser  or  refrigerator,  in 
which  the  vapor  is  cooled,  and  a  receiver  in  which  the  condensed  products  are  col- 
lected. Distillation  was  an  important  operation  in  the  earliest  alchemical  processes 
of  which  we  have  any  record ;  it  does  not,  however,  appear  to  have  been  known  before 
the  time  of  Pliny. 

Distribution,  Electric.    See  Electrostatics. 

Diurnal  Aberration.    See  Aberration  of  the  Celestial  Bodies. 

Diurnal  Rotation  of  the  Earth.    See  Earth,  Day. 

Diverging  Rays.  (Disf  asunder,  and  vergo,  to  incline.)  These  are  rays  which 
start  from  one  point*  and  Bpread  outwards  as  they  advance.  Light  from  a  candle 
consists  of  diverging  rays ;  as  they  diverge  their  intensity  diminishes  inversely  as 
the  square  of  the  distance  from  the  point  of  emission.  The  point  whence  they  ema- 
nate is  called  the  radiant  point. 

Diving  BelL  The  materiality  of  air  was  demonstrated  by  Anaximenes,  who  in- 
verted a  vessel,  closed  at  one  end,  and  pressed  it  under  water  with  the  mouth  down- 
wards. No  air  was  seen  to  enter,  because  air  is  matter,  and  it  is  impossible  for  two 
kinds  of  matter  to  exist  in  the  same  space.  This  experiment  may  easily  be  tried 
by  depressing  a  tumbler,  mouth  downwards,  into  a  pail  of  water,  and  if  a  cork 
has  been  previously  included  within  it,  the  upper  surface  will  be  found  to  be  dry 
when  the  tumbler  is  taken  from  the  water.  This  illustrates  the  principle  of  the 
diving  bell,  which  is  a  contrivance  for  enabling  persons  to  descend  and  remain  below 
the  surface  of  the  water.  It  is  usually  of  a  bell-shape,  hence  the  name.  The 
earlier  diving  bells  were  not  supplied  with  air  from  above,  from  which  cause  the 
diver  could  not  remain  long  under  water,  as  the  air  in  the  bell  soon  became  vitiated, 
and  unfit  for  respiration.  In  1788,  Smeaton  added  a  force-pump  to  the  diving  bell, 
by  which  means  air  could  be  pumped  into  the  bell  from  above,  and  the  diver  could 
remain  for  a  length  of  time  under  water.  Various  improvements  connected  with 
raising  and  lowering  the  bell,  supplying  it  with  air  and  with  light,  removing  the  foul 
air,  etc.,  were  introduced  by  Spalding  and  by  the  Swedish  engineer  Triewald.  The 
diving  bell  is  much  used  for  recovering  property  from  wrecks,  and  for  all  under-water 
operations  connected  with  the  foundations  of  bridges,  etc. 

Divisibility.  The  property  common  to  all  substances,  by  which  they  may  be 
divided  into  particles  of  unlimited  minuteness,  each  of  which  possesses  the  qualities 
of  the  original  mass.  All  bodies  probably  consist  of  ultimate  particles  or  molecules, 
but  by  no  process  of  science  or  art  have  the  ultimate  constituent  atoms  which  admit 
of  no  further  subdivision  been  obtained. 

Dog-Days.    See  Canicular  Days. 

Dog-Star.    See  Sirius. 

Dolomite.  A  compact  and  granular  variety  of  magnesian  limestone,  a  double 
carbonate  of  magnesia  and  lime. 

Dorado.  (The  Sword-fish.)  One  of  Bayer's  southern  constellations.  Ilalf  of 
the  greater  Magellanic  Cloud  falls  within  this  constellation. 

Double  Concave  Prism.    See  Prismatic  Lens. 

Double  Convex  Prism.    See  Prismatic  Lens. 

Double  Image  Micrometer.  This  consists  of  an  eye-piece  of  four  lenses,  one  of 
which  is  cut  in  half;  each  semi-lens  being  fixed  in  a  frame  connected  with  screw 
adjustment  and  graduated  scale.  When  the  two  semi-lenses  are  together  in  the 
position  they  occupied  before  they  were  cut,  only  one  image  is  seen,  and  the  gradu- 
ated scale  should  mark  zero;  but  when  the  semi-lenses  are  moved  parallel  to  their 
line  of  division,  the  single  image  divides  into  two,  each  of  which  follows  the  move- 
ment of  the  semi-lens  which  forms  it.  By  separating  the  axis  in  this  manner  until 
the  opposite  sides  of  the  image  (the  moon  or  a  planet,  for  instance)  touch,  and 
observing  the  scale  micrometer,  observations  can  readily  be  made.  See  Micrometer  ; 
Dynameter,  Double  Image. 
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Double  Decomposition,  Primary  Types  of.    According  to  Dr.  Odling 
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Double  Image  Prism.    See  Prism  ;  Double  Image. 

Double  Refraction.  Under  the  head  of  polarization,  the  phenomena  of  doable 
refraction  bv  Iceland  spar  are  explained.  Few  crystals  possess  this  property  in  a 
sufficiently  nigh  degree  to  show  two  images.  The  polar  iscope  is,  however,  a  very 
delicate  test  for  this  property,  and  when  examined  in  it,  many  crystalline  and  other 
bodies  are  seen  to  be  doubly  refractive.  Amongst  these  may  be  mentioned  horn, 
scales  of  insects,  many  animalculae,  gelatine,  unannealed  glass,  starch  grains,  hair, 
sections  of  bone,  etc.  Even  a  piece  of  glass  which  is  free  from  double  refraction  is 
seen  to  assume  this  property  when  it  is  submitted  to  a  strain  either  of  pressure  or 
torsion.  If  this  property  is  not  strong  enough  by  itself  to  produce  color,  a  thin  film 
of  selenite  may  be  employed  to  intensify  it.     (See  Polarized  Light.) 

Double  Refraction,  Polarization  by.    See  Polarization,  Plane. 

Double  Stars.     See  Stars,  Double. 

Doublet.  A  simple  form  of  microscope  first  proposed  by  Dr.  Wollaston.  It  con- 
sists of  two  plano-convex  lenses  whose  focal  lengths  are  in  the  proportion  of  one  to 
three.  The  lens  of  shortest  focus  is  placed  next  the  object,  and  the  convex  sides  are 
turned  towards  the  eye.     See  Microscope. 

Double  Touch.  A  technical  term  applied  in  practical  magnetism  to  a  method 
of  magnetization,  in  which  a  pair  of  powerful  bar  magnets  are  held,  inclined  to  the 
bar  to  be  magnetized,  and  with  their  unlike  poles  touching  it  and  very  nearly  touch- 
ing each  other,  and  in  this  position  are  drawn  backwards  and  forwards  from  end  to 
end,  and  finally  lifted  off  in  the  middle.  Magnetization  by  double  touch  was  in- 
vented by  Mitchell  and  perfected  by  Epinus.     See  Magnetization. 

Doubly  Refracting  Crystals.     See  Crystals,  Double  Refraction  of. 

Draco.  (The  Dragon.)  A  large  northern  constellation,  one  of  Ptolemy's.  It 
follows  a  winding  course  around  the  Lesser  Bear.  This  constellation  is  interesting 
as  containing  a  star  which  has  been  supposed  to  have  been  the  first  pole-star  recog- 
nized by  astronomers.  This  orb,  Alpha  Draconis,  once  far  brighter  than  at  present, 
would  seem  to  have  been  near  the  place  of  the  northern  pole  at  the  epoch  when  the 
great  pyramid  was  constructed.  A  long  inclined  passage  within  that  structure  has 
a  position  indicating  that  about  2000  years  before  the  Christian  era,  the  star  Alpha 
Draconis  must  have  been  visible  from  the  lower  end  of  the  passage  (and  therefore  in 
the  day-time  as  well  as  by  night)  at  its  lower  meridional  passage.  Draco  contains 
a  planetary  nebula  (close  bv  the  pole  of  the  ecliptic)  which  was  the  first  whose 
gaseity  was  detected  dv  Mr.  Huggins. 

Drops.  The  size  of  a  drop  furnishes  data  for  determining  the  relative  cohesions 
of  two  liquids.  That  size  depends,  (1.)  Upon  the  attraction  of  cohesion  of  the  liquid; 
(2.)  Its  adhesion  to  the  matter  upon  which  the  drop  is  formed ;    (3.)  The  shape  of 
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the  matter  from  which  the  drop  moves;  (4.)  The  physical  relation  of  the  medium 
through  which  the  drop  moves,  on  the  one  hand,  to  the  liquid  of  which  the  drop  is 
formed,  and,  on  the  other,  to  the  matter  on  which  it  is  formed;  (5.)  The  rate  at 
which  drops  succeed  one  another.  The  following  are  the  chief  conclusions  arrived 
at  by  Professor  Guthrie  with  regard  to  the  size  of  a  drop  under  different  conditions 
(Proceedings  R.  Soc.,  xiii.,  pp.  444,  457).  Law  1.  The  drop-size  depends  upon  the 
rate  of  dropping ;  generally,  the  quicker  the  succession  the  greater  the  drop.  The 
slower  the  rate,  the  more  strictly  is  this  the  case.  This  law  depends  upon  the  dif- 
ference, at  different  rates,  of  the  thickness  of  the  film  from  which  the  drop  falls. 
Law  2.  The  drop-size  depends  upon  the  nature  and  quantity  of  the  solid  which  the 
dropping  liquid  holds  in  solution.  If  the  liquid  stands  in  no  chemical  relation  to  the 
solid,  in  general  the  drop-size  diminishes  as  the  quantity  of  solid  contained  in  the 
liquid  increases.  The  cohesion  of  the  liquid  is  diminished  by  the  dissolved  solid. 
Law  3.  The  drop-size  depends  upon  the  chemical  nature  of  the  dropping  liquid,  and 
only  in  a  secondary  degree  upon  its  density.  Of  all  liquids  examined,  water  has  the 
greatest  drop-size.  Law  4.  The  drop-size  depends  upon  the  geometric  relation 
between  the  solid  and  liquid.  If  the  solid  be  spherical,  the  largest  drops  fall  from 
the  largest  spheres.  Absolute  difference  of  radii  takes  a  greater  effect  upon  drops 
formed  from  smaller,  than  upon  those  formed  from  larger  spheres.  Of  circular  hori- 
zontal planes,  within  certain  limits  (with  small  planes),  the  size  of  the  drop  varies 
directly  with  the  size  of  the  plane.  Law  5.  The  drop-size  depends  upon  the  chemi- 
cal nature  of  the  solid  from  which  the  drop  falls,  and  little  or  nothing  upon  its  density. 
Of  all  the  solids  examined,  antimony  delivers  the  smallest,  and  tin  the  largest  drops. 
Law  6.  The  drop-size  depends  npon  temperature.  Generally  the  higher  the  tem- 
perature the  smaller  the  orop.  With  water  about  86°  P.  a  change  of  36°  F.  effects 
small  alteration.  Law  7.  The  nature  or  tension  of  the  gaseous  medium  has  little 
or  no  effect  npon  drop-size. 

The  above  laws  apply  to  a  liquid  dropping  from  a  solid  through  a  gas.  If  a  liquid 
drops  from  a  solid  through  a  liquid,  the  drop  may  ascend  or  descend,  according  to 
the  relative  densities.  The  following  are  the  general  laws  observed  :  Law  8.  The 
drop-size  of  a  liquid  which,  under  like  conditions,  drops  through  various  media,  does 
not  depend  wholly  npon  the  density  of  the  medium,  and  consequent  variation  in 
weight  in  the  medium,  of  the  dropping  liquid.  Law  9.  If  there  be  two  liquids.  A 
and  B,  which  drop  under  like  conditions  through  air,  and  the  drop-size  of  the  one, 
A,  be  greater  than  the  drop-size  of  the  other,  B ;  then  if  a  third  liquid,  C,  be  made 
to  drop  through  A  and  through  8,  the  drop-size  of  G  through  A  is  greater  than  its 
drop-size  through  B.  Law  10.  If  the  drop-size  of  A  through  B  be  greater  than  the 
drop-size  of  A  through  C,  then  the  drop-size  of  a  fourth  liquid,  D,  through  B  is  also 
greater  than  the  drop-size  of  D  through  C.  Law  11.  If  a  liquid,  A,  drop  under 
like  conditions,  in  succession,  through  two  liquids,  B  and  C,  then  its  drop-size  through 
any  mixture  of  B  and  C  is  intermediate  between  its  drop-size  through  B  and  its 
drop-size  through  C  ;  and  the  greater  proportion  of  one  of  the  constituents  in  the 
liquid  the  more  nearly  does  the  drop-size  or  A,  through  the  mixture,  approach  to  its 
drop-size  through  that  constituent  alone.  Law  12.  The  drop-size  of  the  mixture  of 
any  two  liquids,  A  and  B,  dropping  through  a  third  liquid,  C,  is  intermediate  be- 
tween the  drop-size  of  A  through  C,  and  that  of  B  through  C ;  and  the  greater  the 
proportion  of  one  constituent  in  the  mixture,  the  more  nearly  does  the  drop-size  of 
the  mixture  approach  to  that  of  that  constituent.  Law  13.  If  the  liquid  X  has  a 
larger  drop-size  than  the  liquid  T  in  the  liquid  Z,  then  the  liquid  Z  has  a  larger 
drop-size  in  X  than  it  has  in  T.  Law  14.  If  a  liquid  X  has  a  larger  drop-size  in 
air  than  a  liquid  Y,  then  the  drop-size  of  X  through  Y  is  larger  than  the  drop-size 
of  Y  through  X.  Law  15.  If  the  drop-size  of  X  be  greater  than  the  drop-size  of  Y 
in  air,  and  the  drop-size  of  Y  be  greater  than  the  drop-size  of  Z  in  air,  then  the  ratio 
between  the  drop-sizes  of  X  in  any  mixture  of  Y  and  Z,  and  the  drop-size  of  that 
mixture  of  Y  and  Z  in  X  is  greatest  when  the  ratio  between  the  drop-sizes  of  Y  and 
Z  is  nearest  to  unity. 

Dnimmond  Light.  (So  named  from  Lieut.  Drummond,  the  inventor.)  See 
Lime  Light. 

Dry  Pile.    This  apparatus  is  an  ordinary  Yoltaic  pile,  in  which  the  liquid  is 

replaced  by  some  hygrometric  substance,  such  as  paper  which  has  been  moistened 

with  sugar  and  water,  and  allowed  to  dry.    Zamboni's  dry  pile,  which  is  one  of  the 

most  common,  is  constructed  in  the  following  way.    Paper  so  prepared  is  silvered  or 
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tinned  on  one  side,  and  covered  on  the  other  with  finely  ground  black  oxide  of  man- 
ganese, which,  being  slightly  moistened,  may  be  rubbed  on  with  a  cork.  From  one 
to  two  thousand  disks  of  this  paper  arc  cut  with  a  punch,  and  put  into  a  glass  tube, 
arranged  so  that  the  silver  of  one  disk  may  be  in  contact  with  the  manganese  of  the 
next.  The  tube  is  closed  at  each  end  with  a  brass  cap  furnished  with  a  knob.  The 
knob  at  the  manganese  end  is  positively  electrified,  that  at  the  other  end  negatively. 
A  pile,  such  as  we  have  described,  and  consisting  of  2000  discs,  will  charge  a  Ley- 
den  jar  or  condenser.  The  pile  lasts  for  a  very  long  time,  often  for  many  years.  If 
over-dried,  however,  it  loses  its  power  at  least  temporarily,  not  recovering  it  till  it 
has  absorbed  moisture  from  the  air. 

Dubhe.  (Arabic.)  The  star  a  of  the  constellation  Ursa  Major.  It  is  a  variable 
star. 

Ductility.  (Duco,  to  lead,  draw  out ;  ductilist  capable  of  being  drawn  out.)  A 
property,  belonging  chiefly  to  certain  metals,  by  which  they  are  capable  of  being 
drawn  out  into  wire ;  that  is,  of  being  increased  in  length  and  diminished  in  thick- 
ness, without  fracture.  The  most  ductile  substances,  with  which  we  are  familiar, 
are  gold,  silver,  platinum,  iron,  and  softened  glass.  Wollaston  obtained  a  platinum 
wire  of  0.00003  of  an  inch  in  diameter,  by  first  coating  a  fine  platinum  wire  with 
silver,  and  drawing  the  cylinder,  thus  formed,  into  as  fine  a  wire  as  possible,  and 
then  dissolving  the  silver  in  dilute  nitric  acid.  By  this  means  a  platinum  wire  was 
obtained,  having  a  diameter  so  fine  that  1060  yards  of  it  weighed  only  three-quarters 
of  a  grain.     (See  Malleability.) 

Dutch  Tears.     See  Prince  Rupert's  Drops. 

Dynam.  A  term  proposed  by  Dr.  Whewell  for  the  unit  of  work  or  dynamical 
unit.    See  Dynamical  Unit. 

Dynameter.  ($wafu$,  force ;  ptrptco,  to  measure.)  An  instrument  for  measuring 
intensity  or  magnitude  of  forces  derived  from  different  sources.  See  Force;  Spring- 
Balance. 

Dynameter,  Double  Image.  In  optics  an  instrument  for  measuring  the  power 
of  a  telescope.  It  acts  by  enabling  the  observer  to  measure  the  image  of  an  onject- 
glass  upon  the  eye-glass.  The  simple  dynameter  consists  essentially  of  a  small 
compound  microscope,  containing  a  graduated  scale,  which  is  placed  against  the 
eye-piece  of  the  telescope ;  the  image  of  the  object-glass  is  then  measured  by  com- 
parison with  this  scale.  The  double  image  dyuameter  is  a  similar  instrument,  but 
containing  two  semi-lenses,  one  of  which  is  moved  by  a  micrometer  screw.  The 
measurement  is  here  obtained  by  observing  the  contacts  on  opposite  sides  of  the  two 
circular  disks  representing  the  object-glass.     (See  Double-Image  Micrometer.) 

Dynamical  Unit.  A  unit  adopted  in  measuring  or  comparing  mechanical  forces 
which  produce  motion.  It  is  usually  the  force  required  to  lift  a  given  unit  of  weight. 
In  this  country  the  units  adopted  are  the  footrpound,  and  the  horse-power;  in  France 
the  kilogrammetre,  and  the  cheval-vapeur  (see  these  terms).  Since  every  resistance 
can  be  estimated  in  pounds,  and  every  space  in  feet,  the  force  which  will  overcome 
a  given  resistance  through  a  given  space  can  always  be  measured  in  foot-pounds. 
(See  Foot-Pound.) 

Dynamic  Absorption  of  Gases  and  Vapors.    See  Dynamic  Heating  of  Gases. 

Dynamic  Heating  of  Oases.  When  the  receiver  of  an  air-pump  is  exhausted, 
cold  is  produced,  as  is  shown  by  the  deposit  of  moisture  on  the  inside  of  the  receiver, 
and  by  the  slight  haziness  which  follows  the  first  few  rapid  strokes  of  the  pump ; 
moreover,  a  delicate  thermometer,  when  placed  in  the  receiver,  indicates  cold. 
When  the  air  is  re-admitted  the  deposit  of  moisture  disappears,  and  the  thermometer 
indicates  warmth.  The  chilling  results  from  the  fact  that  the  air  in  expanding  per- 
forms work,  and  a  certain  amount  of  heat  is  thus  removed  from  the  gas,  which  is  no 
longer  able  to  retain  its  aqueous  vapor ;  the  latter  is  therefore  deposited  on  the 
sides  of  the  receiver.  When  air  is  allowed  to  rush  into  the  vacuum  it  strikes 
against  the  sides  of  the  receiver,  and  its  motion  is  converted  into  heat,  hence 
results  the  warming,  and  the  disappearance  of  the  deposited  vapor.  The  air  has 
been  heated  dynamically  ;  it  has  been  heated  by  the  impact  of  its  own  molecules ; 
by  the  resolution  of  their  motion  of  translation  into  the  motion  of  heat. 

Professor  Tyndall,  in  the  course  of  his  experiments  on  the  radiation  of  heat  by  gases, 
used  a  glass  tul>e  closed  at  both  ends  oy  rock-salt  plates,  and  capable  of  being 
exhausted  by  an  air-pump :  it  was  subsequently  filled  with  any  gas  or  vapor  that 
might  be  desired,  at  any  given  pressure.    In  front  of  one  of  the  rock-salt  plates  a 
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▼ery  delicate  thermopile  was  placed,  to  indicate  the  amount  of  absorption  or  radi- 
ation of  heat,  by  the  gas  within  the  tube.  On  one  occasion  the  tube  contained  a 
small  quantity  of  alcohol  vapor,  and  the  absorption  of  heat  (issuing  from  a  cube  of 
hot  water  at  the  remote  end  of  the  tube)  by  this  vapor  was  considerable.  On  ad- 
mitting air  into  the  tube  the  absorption  was  neutralized,  radiation  from  the  vapor 
took  place,  and  heat  was  indicated.  The  external  source  of  heat  was  now  omitted, 
and  ue  apparatus  arranged  as  follows :  The  glass  tube  had  one  end  closed  by  a 
rock-salt  plate,  the  other  by  a  plate  of  glass,  and  the  thermoelectric  pile  was  placed 
opposite  the  rock-salt  plate.  The  tube  was  exhausted  as  completely  as  possible, 
ana  air  then  permitted  to  enter  the  tube ;  the  air  became  dynamically  heated,  and 
the  needle  of  the  galvanometer,  connected  with  the  thermopile,  moved  through  an 
arc  of  7°.  Now  air  is  a  very  bad  radiator  of  heat,  and  this  indication  arose  from 
the  heat  of  the  warmed  air  being  radiated  from  the  surface  of  the  tube.  This  was 
proved  by  lining  the  inside  of  the  tube  with  black  paper,  whent  on  repeating  the 
experiment,  the  needle  of  the  galvanometer  moved  through  an  arc  of  70°,  because 
the  black  paper  absorbed  and  radiated  more  heat  than  the  glass.  The  lining  was 
now  removed  from  the  tube,  which  was  exhausted,  and  nitrous  oxide  gas  was  allowed 
to  enter;  it  became  heated  dynamically,  and  the  needle  of  the  galvanometer  showed 
a  deflection  of  28°,  proving  that  nitrous  oxide  radiates  better  than  air.  When  the 
tube  was  exhausted  the  gas  was  chilled,  and  the  needle  moved  through  20°  in  an 
opposite  direction.  With  olefiant  gas  the  deflection  due  to  heating  was  67°,  and 
the  deflection  due  to  cooling  40°.  Tyndall  calls  the  heating  of  the  gas,  on  entering 
the  vacuum,  the  dynamic  heating  of  gases;  the  radiation  which  follows,  dynamic 
radiation,  and  the  absorption  or  heat  when  the  gas  is  pumped  out  and  chilled  by 
performing  work,  dynamic  absorption.  The  following  table  shows  the  dynamic 
radiation  of  certain  gases,  in  degrees  of  arc,  through  which  the  needle  of  the  galva- 
nometer moved  on  the  first  admission  of  the  gas  into  the  vacuous  tube.  The  results 
are  obviously  relative.  ' 


Air   . 
Oxygen 
Hydrogen . 
Nitrogen  . 


Dynamic  Radiation  op  Gases.    ( Tyndall.) 

Carbonic  oxide 


70 
7 

7 
7 


Carbonic  acid  . 
Nitrous  oxide . 
Olefiant  gas     . 


19° 
21 
31 
63 


These  results  agree  with  those  determined  by  a  different  method  for  the  same  gases. 

The  dynamic  radiation  of  the  first  four  gases  is,  as  we  see,  very  slight,  and  pre- 
sumablv,  as  before  stated,  is  the  radiation  of  the  heat  of  the  warmed  gas  by  the 
sides  of  the  tube ;  but  if,  while  we  heat  any  one  of  these  gases  dynamically,  we  mix 
with  it  a  very  small  amount  of  a  gas  or  vapor  which  is  a  good  radiator  of  heat,  the 
heated  gas  transmits  its  heat  through  the  medium  of  the  vapor,  just  as  in  the  case 
of  a  polished  cube  containing  hot  water,  which  radiates  but  slightly  until  its  surface 
is  blackened,  or  rendered  rough,  or  varnished.  A  small  quantity  of  the  vapor  of 
acetic  ether  was  allowed  to  pass  into  the  exhausted  tube  described  above ;  now  this 
substance  is  a  powerful  absorber  and  radiator  of  heat,  and  when  oxygen  was  allowed 
to  rush  into  the  vacuum,  the  deflection  of  the  galvanometer  needle,  instead  of  being 
7°,  as  in  the  case  of  the  gas  alone,  was  70°,  because  the  heat  of  the  dynamically 
heated  oxygen  had  been  communicated  to  the  molecules  of  acetic  ether  vapor,  and 
by  them  radiated.  Tyndall  calls  this  the  varnishing  ff  a  gas  by  a  vapor,  in  allu- 
sion to  the  analogous  varnishing  of  a  bright  metal.  On  exhausting  the  tube 
cold  was  produced,  the  vapor  now  absorbed  heat  from  the  thermopile,  instead  of 
radiating  neat  upon  it,  ana  the  needle  moved  to  nearly  45°  in  the  opposite  direction 
— that  is,  in  the  direction  of  cold.  By  this  means  the  following  results  were 
obtained  (they  are  given  as  before  in  degrees  of  arc.  through  which  the  needle  of 
the  galvanometer  was  deflected,  and  are  hence  strictly  relative). 

Dynamic  Radiation  and  Absorption  of  Vapors.     (Tyndall.) 

Radiation.  Absorption.  Radiation.  Absorption. 


Bisulphide  of  carbon 
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60 
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.     50 
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Sulphuric  ether 

.     64 
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Iodide  of  ethyl 
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16 

Formic  ether    . 

.     69 
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Methylic  alcohol 
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The  radiation  and  absorption  are  here  seen  to  increase  and  diminish  together,  at 
is  the  case  when  a  source  of  heat  external  to  the  gas  is  employed  for  similar  experi- 
ments. An  extremely  minute  quantity  of  a  good  radiator  has  a  greater  effect  than 
a  large  quantity  of  a  bad  radiator.  The  vapor  of  boracic  ether  exceeds  all  others 
as  an  absorber  and  radiator  of  heat.  The  tube  employed  in  the  foregoing  experiments 
was  perfectly  exhausted,  and  a  quantity  of  boracic  ether  vapor,  equal  in  pressure  to 
jLth  of  the  atmospheric  pressure,  was  introduced ;  on  admitting  dry  air  into  the 
vacuum  the  needle  of  the  galvanometer  was  deflected  through  56°  of  arc  by  the 
dynamic  heating  of  the  air  due  to  impact,  and  the  dynamic  radiation  of  the  heat  so 
generated,  by  the  trace  of  boracic  ether  vapor  in  the  tube.  The  tube  was  again 
and  successively  exhausted,  until  the  pressure  of  boracic  ether  vapor  amounted  to 
iwa»o6oo»tn  °*  an  atm08Pner° ;  the  deflection  was  now  14°,  and  allowing  7°  for  the 
radiation  from  the  interior  of  the  tube  from  direct  warming  by  the  dynamically 
heated  air,  we  have  7°  for  the  dynamic  radiation  of  a  quantity  of  boracic  ether  vapor 
which  would  have  to  be  increased  more  than  one  thousand  million  fold  before  its  pres- 
sure would  equal  that  of  the  atmosphere.  Even  a  quantity  of  vapor  amounting  to 
—JL—^th  of  an  atmosphere  furnished  a  sensible  dynamic  radiation. 

*  Dynamic  Radiation  of  Oases  and  Vapors.   See  Dynamic  Heating  of  Oases. 

Dynamics,  (Swafut,  force  or  power.)  The  science  which  treats  of  the  action  of 
force  in  producing  motion.  It  is  a  branch  of  mechanics,  and  treats  of  bodies  not  in 
equilibrium,  as  statics  treats  of  bodies  at  rest.  Dynamics  is  divided  into  two  parts 
— kinematics,  which  investigates  the  circumstances  of  mere  motion  without  reference 
to  the  bodies  moved,  the  forces  producing  the  motion,  or  to  the  forces  called  into 
action  by  the  motion ;  and  kinetics,  which  investigates  the  nature  and  relation  of 
the  forces  which  produce  motion. 

Dynamics  has  to  do  with  the  primary  conceptions  of  space,  matter,  time,  and  ve- 
locity, each  of  which  admits  of  numerical  estimation  by  comparison  with  units  arbi- 
trarily chosen ;  hence  dynamics  is  a  science  of  numbers.  It  is  usual  to  consider  the 
subject  in  two  parts,  the  dynamics  of  a  particle,  and  the  dynamics  of  a  rigid  body. 
The  science  owes  its  origin  to  Galileo,  to  whom  is  due  the  law  of  the  acceleration  of 
falling  bodies.  Huyghens  added  the  theories  of  the  pendulum  and  centrifugal  force, 
and  Newton  developed  the  science,  and  applied  to  it  the  infinitesimal  calculus. 
Further  information  will  be  afforded  by  the  following  works :  Professor  Cayley's 
Report  on  the  Recent  Progress  of  Theoretical  Dynamics  at  the  British  Association, 
1857,  Lagrange's  Mecanique  Analytique,  and  Poisson's  Traite  de  Mecanique.  (See 
Acceleration;  Central  Forces  ;  Falling  Bodies  ;  Laws  of  Motion  ;  Pendulum.) 

Dynamometer,  Chromatic  An  instrument  devised  by  Sir  David  Brewster  for 
measuring  intensity  of  force,  founded  on  the  phenomena  of  polarized  light.  (See 
Polariscope;  Double  Refraction.)  It  consists  of  a  bundle  of  narrow  and  thick 
plates  of  glass,  fixed  at  each  end  in  brass  caps.  Then  when  any  force  is  applied  to 
a  ring  in  the  centre  of  the  bundle,  they  assume  double  refracting  properties,  rendered 
evident  in  the  polariscope  by  the  production  of  bands  of  color ;  from  the  width  and 
intensity  of  these  bands  the  amount  of  force  can  be  ascertained. 


E 

Ear.  The  car  Is  an  accoustical  instrument  (Fig.  46).  The  organ  of  hearing 
may  be  considered  in  three  parts — the  external  ear,  the  tympanum  or  middle  ear, 
and  the  labyrinth  or  internal  ear.  The  external  ear  consists  oi  the  pinna,  the  part 
of  the  outer  ear  which  projects  from  the  side  of  the  head ;  and  the  meatus,  or  pas- 
sage which  leads  to  the  tympanum.  The  extremity  of  this  passage  is  closed  by  a 
membraue  (membrana  tympani),  which  therefore  separates  the  external  from  the 
middle  ear.  The  pinna  or  auricle  is  concave,  and  is  thrown  into  various  elevations 
and  hollows,  which  so  reflect  the  undulations  of  sound,  as  to  collect  and  concentrate 
them  within  the  auditory  canal  (meatus  auditorius  externis),  by  which  they  are 
conveyed  to  the  middle  chamber  of  the  ear. 

The  middle  ear  or  tympanum  is  a  narrow  irregular  cavity  in  the  substance  of  the 
temporal  bone,  filled  with  air  by  means  of  the  Eustachian  tube  from  the  pharynx 
or  back  of  the  mouth.    It  contains  a  chain  of  small  bones,  by  means  of  which  "the 


vibrations,  communicated  from  without  to  tbe  membrana  tympani,  are  in  part  con- 
veyed across  the  cavity  to  the  inner  wall  of  the  tympanum.  These  bones  have  been 
named  from  their  shape  respectively  the  malleus,  the  incus,  the  os  orbicuiare,  and 
the  tiapet.    The  handle  of  the  malleus  descends  between  the  two  inner  layers  of  the 

Fig.  46. 


membrane  to  a  little  below  the  centre,  where  it  is  fixed,  drawing  the  centre  of  the 
membrane  inwards,  so  as  to  give  it  the  shape  of  a  shallow  cone.  The  inner  wall  of 
the  middle  ear,  separating  it  from  the  internal  ear,  is  very  uneven,  presenting  several 
elevations  and  foramina.    Near  its  npper  part  is  a  reniform  opening  (the  fenestra 


ovalis),  which  is  occupied  by  the  base  of  the  stapes.  Above  this  point  is  a  slightly 
OTal  aperture  (the  fenestra  rotunda),  whi<"h  is  closed  by  another  membrane,  and 
connects  the  tympanum  with  a  part  of  the  internal  ear  termed  the  cochlea. 
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The  internal  ear  or  labyrinth  is  the  sentient  portion  of  the  organ  of  hearing.  It 
is  hollowed  out  of  the  petrous  portion  of  the  temporal  bone.  It  consists  of  two 
cavities,  the  osseous  or  bony  labyrinth,  and  the  membranous  labyrinth,  the  former 

of  which  contains  the  latter.    The  osseous  labyrinth  is  divided  into  three  parts the 

vestibule,  the  semicircular  canals,  and  the  cochlea,  all  of  which  are  lined  throughout 
by  a  thin  membrane,  and  enclose  a  clear  fluid  named  perilymph  (Fig.  47).  The 
membranous  labyrinth  has  a  general  resemblance  in  form  to  the  complicated  cavity 
in  which  it  is  contained,  and  has,  therefore,  five  parts  corresponding  to  the  v  stibule, 
three  semicircular  canals,  and  the  cochlea.  It  contains  a  liquid  termed  endclymph. 
Over  this  membranous  structure  the  ultimate  ramifications  of  the  auditory  nerve 
are  spread.  Thus  the  conditions  necessary  to  the  sensation  of  hearing  are  real- 
ized. The  vibrations  of  the  air  are  collected  and  concentrated  by  the  external  ear, 
and  conveyed  to  the  membrana  tympani ;  they  are  thence  transmitted  to  the  internal 
ear  partly  by  the  air  within  the  tympanum,  partly  by  the  chain  of  bones,  and  partly 
by  the  walls  of  the  cavity.  The  vibrations  of  the  membrane  of  the  fenestra  arc  then 
transmitted  to  the  fluid  of  the  labyrinths,  and  to  the  auditory  nerve,  and  this  nerve 
transmits  its  impressions  to  the  brain,  and  gives  the  sensation  of  hearing.  (For 
farther  description  see  Quain's  Anatomy,  and  Bain  on  the  Human  Mind.) 

Earth,  The.  The  globe  on  which  we  live,  and  the  third  planet  in  order  of  dis- 
tance from  the  sun.  The  earth  travels  at  a  mean  distance  of  91,430,000  miles  from 
the  sun.  The  eccentricity  of  her  orbit,  though  not  sufficient  to  make  its  figure  ap- 
preciably elliptical,  yet  is  such  that  in  perihelion  she  is  1,533,000  miles  nearer  to  the 
sun.  and  in  alphelion  as  much  further  from  him  than  when  at  her  mean  distance. 
The  earth's  revolution  around  the  sun  is  accomplished  in  365.2564  days.  (See 
Year.)  The  mean  diameter  of  the  earth  is  7912  miles,  the  polar  diameter  7898 
miles,  the  equatorial  7926  miles.  The  density  of  the  earth  is  about  5£  times  that  of 
water.  She  rotates  once  upon  her  axis  in  23h.  56m.  4s.  of  mean  solar  time.  (See 
Day.) 

The  Motions  of  the  Earth.  The  most  obvious  of  all  astronomical  facts,  the  ap- 
parent diurnal  motion  of  the  sun,  appears  to  have  suggested  in  very  early  times  the 
idea  that  the  earth  rotates  upon  her  axis ;  though,  until  .a  comparatively  recent 
epoch  the  number  of  those  astronomers,  who  believed  in  the  absolute  fixity  of  the 
earth,  largely  exceeded  the  number  of  those  who  were  bold  enough  to  assert  that 
she  is  in  motion,  either  on  her  axis  or  around  the  sun.  And,  indeed,  it  must  not  be 
forgotten  in  forming  an  opinion  respecting  the  theories  of  ancient  astronomers,  that 
the  evidence  on  which  the  accepted  theories  in  our  day  are  founded,  was  for  the 
most  part  unknown  to  them.  The  whole  system  of  modern  astronomy  is  founded  on 
evidence  of  a  most  complicated  character,  no  one  part  of  the  system  being  separable 
from  the  rest.  So  that  our  belief  in  the  earth's  rotation  is  derived  from  evidence 
bearing  on  the  revolution  of  the  earth  on  the  earth's  figure,  on  the  law  of  gravita- 
tion, and  so  on ;  and  in  turn  the  rotation  of  the  earth  supplies  evidence  in  favor  of 
each  of  those  other  relations. 

So  far  as  the  apparent  motions  of  the  heavenly  bodies  seen  from  any  one  station 
on  the  earth  are  considered,  there  is  nothing  to  prove  that  the  earth  is  really  in  mo- 
tion. But  when  we  notice  the  effects  which  appear  on  a  change  of  station,  when, 
extending  our  researches  northwards  or  southwards,  we  find  the  apparent  axis  of 
the  earth  s  rotation  shifting  its  position ;  and  when  voyaging  towards  the  east  or 
west  we  find  the  actual  progress  of  the  diurnal  celestial  motions  appreciably  affected 
as  regards  the  time  of  \heir  occurrence,  the  idea  presents  itself  that  the  diurnal  mo- 
tion is  due  to  a  motion  of  the  earth  upon  her  axis.  For  the  evidence  adduced,  when 
such  inquiries  have  been  extended  to  the  whole  surface  of  the  earth,  proves  the 
earth  to  be  globe-shaped,  to  be  suspended  freely  in  space,  to  be  minute  compared 
with  the  distances  separating  her  from  the  celestial  bodies;  so  that  the  idea  is  sug- 
gested that  far  more  probably  this  relatively  small  globe  turns  on  its  axis,  than  that 
those  bodies  obviously  so  distant  and  presumably  so  vast,  travel  each  day  around 
the  enormous  circles  which  they  would  have  to  traverse  if  their  diurnal  motions 
were  real. 

Then,  again,  the  proof  of  the  earth's  rotation  depends  in  large  part  on  the  proof 
of  the  earth's  revolution.  Observation  shows  that  besides  their  apparent  diurnal 
motion,  the  sun  and  a  certain  number  of  the  stars  have  motions  upon  the  celestial 
sphere,  the  sun  seeming  to  circle  once  a  year  round  that  sphere,  and  those  particular 
stars  (the  planets)  seeming  to  follow  looped  aud  twisted  paths  round  the  celestial 


EARTH.  231 

sphere  in  different  periods.  These  motions  are  found*  when  carefully  studied,  to  be 
only  explicable  in  a  satisfactory  manner  by  supposiug  that  the  earth  travels  round 
the  son,  and  that  the  sun  is  likewise  the  centre  of  the  motions  of  the  planets.  (See 
Ptolemaic  System ;  Tychonic  System  ;  Copernican  System,  etc.)  And  all  ques- 
tion as  to  the  reality  of  the  earth's  motion  is  finally  removed  when  the  phenomenon 
of  al>erration  is  considered  and  understood.  Now  when  once  it  is  recognized  that 
the  earth  is  travelling  around  the  sun  in  a  wide  orbit  once  a  year,  the  supposition 
that  she  does  not  rotate  on  her  axis,  but  that  the  sun  is  carried  once  a  day  round 
her  becomes  altogether  absurd  and  untenable. 

Yet  again,  when  the  rotation  of  the  earth  is  established,  we  obtain  fresh  evidence 
as  to  the  earth's  figure,  as  will  presently  be  seen. 

So  that  out  ideas  respecting  the  earth's  rotation,  revolution,  and  figure,  are  asso- 
ciated together  in  the  most  intimate  manner,  through  the  circumstance  that  nearly 
all  the  evidence  we  have  respecting  each  relation  is  either  founded  on,  or  else  affords, 
evidence  respecting  the  others. 

The  proofs  of  the  earth's  rotation,  which  are  really  independent,  though  numerous 
and  sufficiently  convincing  to  the  student  of  science,  arc  of  such  a  nature  as  not  to 
«pi>ear  very  striking  to  the  generality  of  minds.  There  is  a  minute  displacement  of 
the  stars  due  to  the  earth's  rotation ;  but  as,  even  at  the  equator,  the  displacement 
is  but  about  one-third  of  a  second,  it  is  impossible  to  render  its  determination  a 
matter  of  absolute  certainty,  as  in  the  case  of  the  aberration  resulting  from  the 
earth's  orbital  motion.  Again,  it  has  been  shown  that  bodies  which  are  dropped 
from  a  considerable  height  fall  slightly  to  the  east  of  the  point  below  that  from  which 
they  were  let  fall.  Newton  had  shown  that  this  should  be  the  case,  because  the 
point  of  suspension  is  at  a  greater  distance  from  the  earth's  centre  than  the  surface 
of  the  earth.  But  the  experiments  by  which  this  easterly  direction  of  fall  is  estab- 
lished are  delicate  and  difficult,  and  it  is  only  on  the  average  of  many  experiments 
that  the  peculiarity  is  exhibited,  many  of  the  bodies  dropped  falling  north,* south,  or 
west  of  tne  spot  vertically  beneath  the  point  of  suspension.  Again,  Foucault's  ex- 
periments with  the  pendulum  and  gyroscope  (see  Pendulum  Experiment,  and 
Gyroscope)  serve  to  prove  the  fact  of  the  earth's  rotation,  but  the  arguments  on 
which  the  proof  rests  are  not  so  simple  and  direct  as  to  be  easily  made  clear  to  the 
non-mathematician.  In  fact,  there  is  no  direct  evidence  of  the  earth's  rotation  which 
is  nearly  so  satisfactory  as  the  indirect  evidence  derived  from  the  earth's  revolution 
round  tne  sun. 

The  revolution  of  the  earth  is  proved,  as  we  have  said,  by  the  evidence  derived 
from  the  aberration  of  the  fixed  stars.  It  must  be  remembered  that  to  the  astrono- 
mer the  displacement  due  to  this  cause  is  not  one  of  those  minute  quantities  which 
can  only  fie  detected  by  the  mast  delicate  observations.  It  has  been  rightly  said 
respecting  it  that  it  is  as  obvious  to  the  astronomer  as  the  motion  of  the  sun  or  moon 
to  the  ordinary  observer.  Now,  the  evidence  it  supplies  amounts  in  effect  to  this: 
Every  star  seems  to  sway  isochronously  with  the  sun's  apparent  yearly  motion  round 
the  earth ;  stars  on  the  ecliptic  moving  backwards  and  forwards  along  a  straight 
line,  other  stars  swaying  round  and  round  in  an  ellipse,  and  stars  close  by  the  pole 
of  the  ecliptic  traversing  a  circular  path.  A  simple  explanation  of  all  these  motions 
is  given  by  the  theory  that  the  eartn  moves  round  the  sun ;  but  if  the  earth  be  sup- 
posed at  rest,  then  all  these  motions  remain  unaccounted  for.  It  need  hardly  be 
said,  then,  that  independently  of  the  evidence  we  have  respecting  the  enormous 
distances  and  dimensions  of  the  stars,  we  are  forced  to  accept  the  simple  explana- 
tion afforded  by  the  theory  of  the  earth's  motion,  rather  than  the  view  that  the  sun 
sweeps  in  a  wide  orbit  round  the  earth,  while  all  the  stars  sway  responsive  to  his 
motions. 

If  further  evidence  were  needed,  it  would  be  supplied  by  the  apparent  motions  of 
the  planets,  and  the  fact  established  by  Copernicus  and  Kepler,  that,  assuming  tho 
sun  as  the  centre  of  motion,  all  those  complicated  apparent  motions  receive  a  simple 
interpretation. 

But  by  the  modern  astronomer  the  motions  of  the  earth  arc  not  referred  for  proof 
even  to  such  striking  evidences  as  these,  but  to  the  enormous  and  ever-increasing 
mass  of  evidence  derived  from  the  exact  accordance  of  the  miifutest  peculiarities  of 
planetary  motion  with  those  which  calculation  shows  should  result  from  the  law  of 
universal  gravitation. 

The  Earth's  Magnitude  and  Figure.     The  general  proofs  that  the  earth  is 
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globe-shaped  are  too  well  known  to  be  insisted  upon  here  at  any  length.  The 
appearance  of  the  horizon  at  sea,  the  fact  that  objects  come  into  view  or  psss  out  of 
view  beyond  that  horizon  as  beyond  a  convex  hill,  the  shape  of  the  earth's  shadow 
in  lunar  eclipses,  the  elevation  or  depression  of  the  pole  of  the  heavens  with  north- 
ward or  southward  voyages,  the  fact  that  the  eartn  can  be  circumnavigated,  and 
that  it  can  be  voyaged  round  (though  not  by  sea)  in  a  number  of  definite  directions; 
all  these  and  a  number  of  other  evidences  have  long  since  proved  to  all  save  the 
most  ignorant  that  the  earth's  form  is  globular.  The  exact  determination  of  the 
figure  and  magnitude  of  this  globe  constitutes  one  of  the  most  striking  triumphs  of 
modern  science.  The  globe  figure  of  the  earth  once  recognized,  it  became  possible 
to  determine  the  diameter  of  that  globe  (assumed  in  the  first  place  to  be  a  true 
sphere)  by  measuring  arcs  either  of  an  arc  of  latitude  or  longitude.  (See  Degree 
of  Latitude.)  So  soon,  however,  as  it  was  further  ascertained  that  the  earth  rotates 
upon  an  axis,  the  idea  was  suggested  that  the  figure  of  the  earth  cannot  be  a  perfect 
sphere,  but  that  the  polar  diameter  must  be  less  than  a  diameter  of  the  earth's  equa- 
tor. Adopting,  for  convenience,  an  inexact  mode  of  treating  the  problem,  Newton 
was  led  to  the  conclusion  that  the  earth's  polar  and  equatorial  diameters  bear  to 
each  other  the  ratio  of  229 :230.  But  it  was  seen  that  the  actual  compression  of 
the  earth  must  in  a  large  part  depend  on  the  constitution  of  her  internal  strata. 
Newton  had  assumed  a  fluid  structure  homogeneous  throughout  But  the  density 
of  the  earth  increases  towards  the  centre,  as  will  presently  be  shown,  and  it  results 
that  a  smaller  compression  corresponds  to  the  conditions  of  equilibrium.  We  owe 
to  Maclaurin,  Clairaut,  and  Ivory,  the  mathematical  examination  of  the  problem  of 
the  figure  of  equilibrium  of  a  rotating  fluid  globe ;  and  though  it  can  scarcely  be 
said  that  such  a  globe  must  necessarily  assume  the  figure  of  a  spheroid,  yet  it  has 
at  least  been  demonstrated  that  that  figure  is  one  of  those  under  which  such  a  globe 
would  be  in  equilibrium,  while  it  has  been  further  shown  that  under  such  conditions 
as  we  may  suppose  to  have  probably  existed  in  the  case  of  our  own  earth,  the  figure 
of  an  oblate  spheroid  would  necessarily  result,  and  further  that  the  compression  of 
that  spheroid  would  be  about  7^. 

The  actual  measurements  applied  to  the  earth's  surface  are  not  absolutely  inde- 
pendent of  any  preconceived  theories.  So  far  as  the  mere  determination  of  the 
earth's  generally  globular  figure  is  concerned  they  are,  of  course,  completely  inde- 
pendent of  theory.  But  in  those  difficult  geodetical  operations  by  whicn  the  depar- 
ture of  the  earth  from  the  figure  of  a  perfect  sphere  are  not  merely  to  be  shown  to 
exist,  but  actually  to  be  estimated  in  quantity  and  measure,  it  is  necessary  to  assume 
as  the  basis  of  research  a  general  symmetry  of  figure,  which  may  not  in  reality  exist 
Yet  the  fact  that  these  assumptions  have  been  made,  need  by  no  means  prevent  us 
from  accepting  with  full  confidence  the  results  of  geodetic  operations,  for  these  ope- 
rations are  pursued  with  sufficient  completeness  to  prove  whether  the  initial  assump- 
tions are  or  are  not  reliable;  and  as  a  matter  of  fact,  it  has  been  discovered  that  the 
earth's  figure  is  not  perfectly  symmetrical,  even  when  we  suppose  all  such  irregu- 
larities as  mountain-ranges,  valleys,  and  so  on.  removed,  and  tne  figure  we  have  to 
determine  to  be  that  which  would  result  if  these  relatively  small  elevations  and 
depressions  were  removed. 

It  will  bo  seen  from  what  is  said  under  Degree  of  Latitude  and  Degree  of  Longi- 
tude how  the  general  ellipticity  of  the  earth's  figure  can  be  recognized  and  measured. 
It  may  be  taken  for  granted  that  the  compression  of  the  earth  is  not  far,  either  in 
excess  or  defect,  from  j^.  This  result  is  confirmed  by  the  observed  extent  of  the 
motions  called  Precession  and  Nutation  (q.  v.). 

But  Captain  A.  R.  Clark,  U.K.,  by  combining  all  the  results  which  have  been 
obtained,  and  especiallv  those  resulting  from  the  recent  extension  of  the  great  ares 
surveyed  in  India  and  Russia,  has  been  led  to  conclusions  (Memoirs  of  the  Royal 
Astronomical  Society,  vol.  xxix.,  1860)  which  have  been  thus  stated  by  Sir  John 
Herschel : — 

'*  The  earth  is  not  exactly  an  ellipsoid  of  revolution.  The  equator  itself  is  slightly 
elliptic,  the  longer  and  shorter  diameters  being  respectively  41.852,864  and 
41,843,096  feet.  The  ellipticity  of  the  equatorial  circumference  is  therefore  ¥?<yf, 
and  the  excess  of  its  longer  over  its  shorter  diameter  about  two  miles.  The  vertices 
of  the  longer  diameter  are  situated  in  longitudes  14°  23'  E.  and  104°  23'  E.  of 
Greenwich,  and  of  its  shorter  in  104°  23'  E.  and  284°  23'  E.  The  polar  axis  of  the 
earth  is  41,707,796  feet  in  length,  and  consequently  the  most  elliptic  meridian  (that 
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of  longitude  14°  23'  and  194°  23')  has  for  its  ellipticity  ~,  and  the  least  so  (that 

of  longitude  104°  23'  and  284°  23')  an  ellipticity  of  s^." 

General  Schubert,  in  the  Memoirs  of  the  Imperial  Academy  of  Petersburg,  ex- 
hibits a  somewhat  different  mode  of  treatment  (less  exact,  Sir  J.  Herschel  considers) 
leading  to  a  similar  but  not  altogether  coincident  result.  "  He  makes  the  ellipticity 
of  the  equator  jJtj,  and  places  the  vertices  of  the  longer  axis  26°  41/  to  the  east- 
ward of  Captain  Clark's.  His  polar  axis,  as  deduced  from  each  of  the  three  great 
meridian  arcs,  the  Russian,  Indian,  and  French  respectively,  is  41,711,019  feet, 
41,712.534  feet,  and  41,697,496  feet,  the  mean  of  which,  giving  to  each  a  weight 
proportional  to  the  length  of  the  arc  from  which  it  is  deduced,  is  41,708,710  feet." 

Density  of  the  Earth.  The  number  which  expresses  the  ratio  of  the  mass  of 
the  earth  to  that  of  the  same  -bulk  of  water.  To  determine  the  mean  density  of  the 
earth  is  to  find  an  answer  to  the  question,  Is  the  mass  of  the  earth  greater  than  it 
would  be  if  composed  throughout  of  water  at  the  ordinary  density,  and  if  so,  how 
many  times  greater  ?  The  ordinary  data  of  astronomy,  taken  in  conjunction  with  the 
laws  of  gravitation,  give  the  proportions  of  the  mass  of  the  earth  to  the  masses  of  the 
sun  and  the  principal  planets ;  and  thus  the  determination  of  the  absolute  mass  of  the 
earth  will  at  once  give  determination  of  the  absolute  masses  of  the  sun  and  planets ; 
and  then,  as  their  dimensions  are  known,  their  densities  can  be  found.  vv  e  may 
then  determine,  for  instance,  whether  the  planet  Jupiter  is  composed  of  materials  as 
light  as  water,  or  as  light  as  cork. 

The  obvious  importance  of  these  investigations  induced  philosophers  long  since  to 
attempt  determinations  of  the  earth's  density ;  and  four  classes  of  experiments  have 
been  devised  for  it  The  first  kind  of  experiment  depends  on  the  attraction  of  a 
mountain,  and  has  been  tried  in  the  noble  Scheh allien  experiment,  and  later  by 
Colonel  James  and  others.  It  rests,  in  the  first  place,  upon  the  use  of  the  zenitn 
sector,  and,  in  the  next  place,  upon  our  approximate  knowledge  of  the  dimensions 
of  the  earth. 

The  zenith  sector  consists  of  a  telescope  with  a  graduated  arc  attached  to  the 
lower  end,  and  a  plumb-line  attached  to  the  upper  end.  (See  Zenith  Sector.)  If 
the  same  star  were  observed  at  two  places,  the  telescope  would  necessarily  be  pointed 
in  the  same  direction  at  the  two  places ;  and  the  difference  of  direction  of  the  plumb- 
line,  as  shown  by  the  different  points  of  the  graduated  arc  which  it  crossed  at  the 
two  places,  would  show  how  much  the  direction  of  gravity  at  one  place  is  inclined 
to  the  direction  of  gravity  at  the  other  place.  Now,  from  our  knowledge  of  the 
form  and  dimensions  of  the  earth,  we  know  that  the  direction  of  gravity  changes 
very  nearly  one  second  of  angle  for  every  100  feet  of  horizontal  distance.  Suppose 
then,  that  two  stations  were  taken  on  Schehallien,  one  on  the  north  side  and  the 
other  on  the  south  side,  and  suppose  that  their  distance  was  4000  feet ;  then,  if  the 
direction  of  gravity  had  not  been  influenced  by  the  mountain,  the  inclination  of  the 
plumb-lines  at  these  two  places  would  have  been  about  40  seconds.  But  suppose, 
on  applying  the  zenith  sector,  in  the  way  just  described,  the  inclination  was  found 
to  be  really  52  seconds.  The  difference,  or  12  seconds,  could  only  be  explained  by 
the  attraction  of  the  mountain,  which,  combined  with  what  may  be  called  the  natu- 
ral direction  of  gravity,  produced  directions  inclined  to  these  natural  directions.  In 
order  to  infer  from  this  the  density  of  the  earth,  a  calculation  was  made  (founded 
upon  a  very  accurate  measure  of  the  mountain)  of  what  would  have  been  the  dis- 
turbing effect  of  the  mountain  if  it  had  been  as  dense  as  the  interior  of  the  earth. 
It  was  found  that  the  disturbance  was  really  only  12  seconds.  Consequently  the 
proportion  of  the  density  of  the  mountain  to  that  of  the  earth  was  as  12  to  27,  or 
as  4  to  9  nearly.  From  this,  and  the  ascertained  density  of  the  mountain,  it  fol- 
lowed that  the  mean  specific  gravity  of  the  earth  would  be  about  five  times  that  of 
water.  The  only  objection  to  this  admirable  experiment  is,  that  the  form  of  country 
near  the  mountain  is  very  irregular,  and  it  is  difficult  to  say  how  much  of  the  12 
seconds  is  or  is  not  reallv  due  to  Schehallien. 

The  effect  of  the  attraction  of  a  mountain  on  the  direction  of  the  plumb-line  was 
observed  in  1738  by  Bouguer  and  other  French  academicians  during  experiments  on 
Chimborazo  in  Peru.  More  recently,  Colonel  James,  superintendent  of  the  Ordnance 
Survey,  by  observations  made  on  Arthur's  Seat,  near  Edinburgh,  has  deduced  a 
mean  density  of  5.316. 

Another  mode  of  determining  the  earth's  mass,  is  founded  on  the  fact  that  a  pen- 
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dulum  suspended  at  a  considerable  elevation  above  the  earth  will  oscillate  more 
slowly  than  one  at  the  earth's  surface,  on  account  of  the  diminution  of  attractiou 
with  increase  of  distance  from  the  centre  of  the  earth.  Clearly,  if  the  pendulum, 
instead  of  beiug  simply  raised  above  the  earth,  is  placed  at  the  summit  of  a  moun- 
tain, the  attraction  of  that  mountain  mass  will  appreciably  affect  the  result,  and  if 
we  know  the  mass  of  the  mountain,  we  can  deduce  an  estimate  of  the  earth's  mass. 
From  observations  made  on  Mount  Ccnis,  on  this  plan,  Carlini  and  Plana  have  de- 
duced 4.050  for  the  earth's  mean  density. 

The  converse  of  this  plan  is  also  obviously  available  as  a  means  of  estimating  the 
earth's  density.  Professor  Airy,  in  1826,  first  contemplated  the  solution  or  the 
problem  by  the  determination  of  the  difference  of  gravity  at  the  top  and  the  bottom 
of  a  deep  mine,  by  pendulum  experiments.  Supposing  the  difference  of  gravity 
found,  its  application  to  the  determination  of  density  may  be  thus  explained.  Con- 
ceive a  spheroid  concentric  with  the  external  spheroid  of  the  earth  to  pass  through 
the  lower  station  in  the  mine.  It  is  easily  shown  that  the  attraction  of  the  shell 
included  between  these  produces  no  effect  whatever  at  the  lower  station,  but  pro- 
duces the  same  effect  at  the  upper  station  as  if  all  its  matter  were  collected  at  the 
earth's  centre.  (See  Attraction.)  Therefore,  at  the  lower  station  we  have  the 
attraction  of  the  interior  mass  only ;  at  the  upper  station  we  have  the  attraction  of 
the  interior  mass  (though  at  a  greater  distance  from  the  attracted  pendulum),  and 
also  the  attraction  of  the  shell.  It  is  plain  that  by  making  the  proportion  of  these 
theoretical  attractions  equal  to  the  proportion  actually  observed  by  means  of  the 
pendulum,  we  have  the  requisite  elements  for  finding  the  proportion  of  the  shell's 
attraction  to  the  internal  mass's  attraction,  and,  therefore,  the  proportion  of  the 
matter  in  the  shell  to  the  matter  in  the  internal  mass.  From  these  data  the  mean 
density  is  at  once  found.  It  will,  of  course,  be  understood,  however,  that  the 
actual  solution  of  the  problem  is  complicated  by  the  fact  that  the  extent  of  the  mine 
itself,  as  well  as  the  nature  of  the  strata  through  which  it  is  formed,  have  to  be  con- 
sidered. 

Having  tried  the  experiment  in  1826  and  in  1828,  and  failed  through  accident, 
the  Astronomer  Royal  renewed  the  attempt  in  1854  at  the  ITarton  colliery,  near 
South  Shields,  where  a  reputed  depth  of  1260  feet  eould  be  obtained. 

The  two  stations  selected  were  exactly  in  the  6ame  vertical,  excellently  walled, 
floored,  and  ceiled.  Every  care  was  taken  to  secure  solidity  of  foundation  and  steadi- 
ness of  temperature.  In  each  station  (the  upper  and  lower)  was  mounted  an  invariable 
brass  pendulum,  vibrating  by  means  of  a  steel  knife-edge  upon  plates  of  agate, 
carried  by  a  very  firm  iron  stand.  Close  behind  it  was  a  clock,  and  before  it  a  tele- 
scope mounted  so  that  coincidences  of  the  pendulum  of  the  clock  might  be  accu- 
rately observed  through  a  slit  in  front  of  the  telescope.  By  this  means  the  propor- 
tion of  invariable-pendulum-swings  to  clock-pendulura-swings  was  found,  and  then  as 
the  clock-pendulumswings,  in  any  required  time,  are  denoted  by  the  clock  dial,  the 
corresponding  numbers  of  invariable-pendulum-swings  at  the  two  stations  were  de- 
termined. In  order,  however,  to  do  this,  the  clock  rates  had  to  be  frequently  com- 
pared ;  this  was  done  by  means  of  electrical  apparatus. 

In  this  manner  the  pendulums  were  observed,  with  104  hours  of  incessant  observa- 
tions, simultaneous  at  both  stations,  one  pendulum  (A)  being  above  and  the  other 
(B)  below;  then  with  104  hours,  B  above  and  A  below;  then  with  60  hours,  A 
above,  and  B  below ;  then  with  60  hours,  B  above  and  A  below.  2454  effective 
signals  were  effected  at  each  station. 

The  result  showed  that  the  pendulums  suffered  no  injury  in  their  changes ;  and 
that  the  acceleration  of  the  pendulum,  on  being  carried  down  1260  feet,  was  %1\ 
seconds  per  day,  or  that  gravity  is  increased  by  tvIsif  part.  It  does  not  appear 
likely  that  this  determination  can  be  sensibly  in  error.  Hence  Mr.  Airy  calculated 
that  taking  into  account,  as  far  as  possible,  the  configuration  of  the  mine,  and  the 
structure  of  the  neighboring  region,  the  earth's  density  is  6.565.  He  adds  that  he 
considers  this  result  to  be  comparable  on  at  least  equal  terms  with  those  obtained 
bv  other  methods ;  an  opinion  which  seems  more  than  questionable,  when  the  com- 
plexity of  the  considerations  to  be  attended  to  in  the  mine  method  is  fairly  taken 
into  account. 

The  last  method  we  shall  refer  to  is  that  applied  in  the  well-known  Cavendish 
experiment.  The  method  was  suggested  by  Michel,  and,  since  the  experiments  of 
Cavendish,  it  has  been  applied  by  Reich  of  Frcyberg,  and  by  the  late  Francis  Baily. 
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It  involves,  in  principle,  the  direct  comparison  between  the  earth's  attraction,  and 
that  exerted  by  a  mass  of  known  weight.  Two  large  globes  of  lead  are  placed  upon 
the  extremities  of  a  strong  horizontal  rod,  which  can  be  turned  in  a  horizontal  plane 
about  its  centre.  A  cord  supports,  above  that  centre,  a  fine  horizontal  rod,  at  whose 
extremities  are  two  equal  balls,  about  two  inches  in  diameter.  When  this  rod  is 
as  nearly  in  perfect  equilibrium  as  possible  (true  equilibrium  is  seldom  secured),  the 
frame  bearing  the  globes  of  lead  is  rotated  on  its  vertical  axis  until  they  arc  brought 
nearly  into  contact  with  the  small  balls,  on  opposite  sides.  Their  attraction  on  these 
balls  thus  tends  to  sway  the  fine  rod  from  its  position  of  rest.  By  turning  the  frame 
round  in  an  opposite  direction,  until  the  large  balls  are  again  nearly  in  contact  with 
the  small  ones,  the  fine  rod  is  swayed  in  a  contrary  direction  from  its  position  of 
rest.  By  observations  made  on  the  extent  of  these  deviations,  taking  the  average 
of  many  experiments  (Baily  made  more  than  2000),  it  is  possible  to  compare  the 
attractive  force  of  the  lead  balls  with  that  of  the  earth.  Of  course  the  precautions 
necessarv  to  insure  success  in  an  observation  of  so  much  delicacy,  are  very  numer- 
ous; and  difficulties  depending  on  the  torsion  of  the  suspending  cord,  on  air-currents 
resulting  from  differences  of  temperature,  and  so  on,  interfere  to  prevent  the  solution 
of  the  problem  from  being  rigorously  accurate.  Still  it  may  fairly  be  asserted  that 
more  reliance  can  be  placed  on  this  method  of  determining  the  earth's  mass  than  on 
any  other.  The  results  obtained  by  the  three  observers,  named  above,  accord  in  a 
very  satisfactory  manner.  The  experiments  of  Cavendish  gave  for  the  earth's  mean 
density  5.480 ;  those  of  Reich  5.438 ;  and  those  of  Francis  Baily  5.0G0.  The  mean 
of  all  the  results  obtained  by  this  and  other  methods  is  5.639. 

We  may  thus  fairly  assume  that  the  earth's  mean  density  is  not  very  far  from  5.6 
times  the  density  of  water.  By  combining  this  result  with  what  has  been  already 
mentioned  respecting  the  dimensions  of  the  earth,  we  find  that  the  weight  of  the 
earth  in  tons  is  roundly  expressed  by  the  number  6,000,000,000,000,000,000,000.  As 
the  average  density  of  the  parts  of  the  earth's  crust  known  to  us  is  considerably 
less  than  5.6,  it  follows,  as  was  indeed  to  have  been  expected,  that  the  density  in- 
creases with  approach  towards  the  centre. 

Temperature  of  the  Earth.  Although  we  have  at  present  no  means  of  deter- 
mining the  mean  temperature  of  the  earth,  still  less  the  actual  temperature  of  dif- 
ferent parts  of  the  earth's  substance  at  considerable  depths,  we  have  many  reasons 
f«»r  believing  that  the  earth's  interior  is  at  a  much  higher  temperature  than  the  por- 
tions of  the  crust  to  which  we  are  able  to  penetrate.  Passing  below  those  levels  at 
which  the  effects  of  the  sun's  heat  are  experienced,  either  in  diurnal  or  annual  varia- 
tions of  temperature,  we  find  a  gradual  increase  of  temperature  as  we  descend. 
The  rate  of  increase  has  been  estimated  at  nearly  100°  per  mile  of  vertical  descent ; 
so  that  supposing  it  to  continue  through  a  distance  of  but  100  miles  (that  is  but  a 
35th  part  of  the  earth's  radius),  a  temperature  of  no  less  than  li),GU09.£ahreuhcit  , 
must  exist  at  that  depth  below  us.  Such  a  temperature  would  liquefy  all  solid  sub- 
stances with  which  we  are  acquainted,  and  vaporize  many  solid  elements.  A3  the 
increase  of  temperature  has  always  been  found,  wherever  subterranean  excavations. 
have  been  made,  we  must,  at  least  until  clear  evidence  to  the  contrary  is  adduced,"' 
suppose  it  to  be  a  characteristic  of  all  parts  of  the  earth's  crust,  so  that  wo  seem  to 
have  uo  escape  from  the  conclusion  that  the  whole  interior  of  the  earth  is  molten. 
It  has  been  estimated,  indeed,  by  M.  Cordier.  that  the  solid  crust  of  the  earth  can-  / 
not  greatly  exceed  .fiflL  miles  in  thickness.  Yet  the  researches  of  Mr.  Hopkins  of 
Cambridge,  into  the  phenomena  Of  Precession  (q.  v.)  show  that  the  earth  cannot 
really  be  constituted  in  the  manner  surmised  by  Cordier.  jAt  may  be  questioned 
whether  the  effect  of  the  enormous  pressure  to  which  the  interior  parts  of  the  earth 
roost  be  subjected,  both  from  the  weight  of  the  superincumbent  portion,  and  from 
the  action  of  the  imprisoned  vapor  of  many  of  the  terrestrial  elements  (assuming 
always  that  the  enormous  heat  we  have  referred  to  really  exists  in  the  interior  of  the 
earth),  must  not  suffice  to  remove  the  limits  of  the  solid  crust  far  below  M.  Cordier's 
estimate.  NPerhaps  several  hundred  miles  below  the  surface  of  the  earth  liquefaction 
may  begin,  Though  far  below  even  that  depth  there  may  still  remain  sufficient 
viscosity  to  prevent  those  free  movemeuts  of  the  liquid  nucleus  which  Mr.  Hopkins 
has  dealt  with. 

But  the  whole  subject  is  too  far  removed  from  the  range  of  observational  science 
to  admit  of  being  dealt  with  satisfactorily.    We  can  only  speculate  as  yet  on  the 
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condition  of  the  earth's  interior ;  nor  is  it  likely  that  the  time  is  as  jet  near  at  hand 
when  we  shall  be  able  to  do  more. 

The  view  put  forward  by  Poisson  that  the  heat  observed  in  the  earth's  crust  has 
been  stored  up  while  the  solar  system  was  passing  in  long  past  ages  through  a  warm 
region  of  space,  seems  too  speculative  to  merit  very  attentive  consideration.  Yet 
it  is  not  wholly  impossible  that  when  we  know  more  respecting  the  sun's  motion 
through  space  on  the  one  hand,  and  respecting  the  mode  in  which  the  supplies  of 
solar  heat  are  obtained  on  the  other,  we  may  recognize  in  the  peculiarities  of  the 
regions  through  which  the  sun  has  borne  and  is  bearing  his  family  of  planets,  the 
interpretation  of  many  problems  of  interest  suggested  by  the  present  condition  of 
the  earth's  temperature,  and  the  traces  of  past  changes  in  this  respect. 

Earth  Currents.  Telegraphic  lines  of  considerable  length  are  much  disturbed 
by  what  are  called  earth  currents.  Strong  irregular  currents  are  observed  to  flow 
from  one  part  of  the  line  to  another,  affecting  the  instruments  of  course,  and  fre- 
quently rendering  telegraphic  communication  for  the  time  impossible.  But  little  is 
known  of  the  laws  of  earth  currents ;  apparently  they  depend  upon  alterations  in 
the  state  of  the  earth's  electrification,  which  produce  currents  in  the  wires  by  induc- 
tion. They  occur  simultaneously  with  magnetic  storms  and  aurorse.  Dr.  Balfour 
Stewart  ascribes  earth  currents  and  auroras  to  secondary  discharges  taking  place  in 
consequence  of  variations  in  terrestrial  magnetism. 

Earth  Shine.  A  name  given  by  astronomers  to  that  faint  light  visible  on  the 
part  of  the  moon  not  illuminated  by  the  sun,  either  soon  before  or  soon  after  new 
moon.  It  may  be  assumed  as  certain  that  this  light  is  due  to  the  illumination  of 
that  part  of  the  moon  by  the  light  which  the  earth  reflects  to  her.  /It  must  be 
remembered  that  at  the  time  of  new  moon  the  earth  shines  in  the  lunar  skies  with  a 
disk  about  13  times  as  large  as  the  disk  of  the  moon  on  our  own  skies.  t , 
Ebonite.    See  Caoutchouc. 

Ebullition.  (Ebullio,  to  boil,  or  bubble  up.)  We  have  mentioned,  under  the 
head  of  vaporization,  that  there  are  two  principal  modes  according  to  which  a 
liquid  assumes  the  gaseous  condition — the  first  of  these  is  evaporation,  the  second 
ebullition.  When  a  liquid  is  heated  it  continues  to  acquire  heat,  until  at  a  certain 
point  vapor  is  formed  within  its  mass,  and  the  temperature  no  longer  rises.  The 
liquid  is  now  in  a  state  of  violent  perturbation,  and  is  giving  off*  bubbles  of  vapor 
from  the  hottest  portion  of  the  interior  of  its  mass ;  it  is,  in  fact,  in  a  state  of  ebul- 
lition, or,  as  we  more  commonly  say,  it  boils.  The  temperature  at  which  ebullition 
takes  place  depends  on  various  causes,  the  principal  of  which  are  the  nature  of  the 
liquid,  and  the  external  pressure  ;  substances  dissolved  in  the  liquid  also  affect  its 
boiling  point,  and  to  a  slight  extent  the  nature  of  the  containing  vessel. 

A  glance  at  the  table,  given  under  the  head  of  Boiling  Point,  will  show  the  great 
variations  in  the  temperatures  at  which  different  liquids  enter  into  ebullition,  and 
we  can  quite  understand  that  this  must  be  the  case  when  we  remember  that,  with  a 
difference  of  composition  in  a  substance,  we  necessarily  have  a  difference  in  the 
structure,  weight,  and  cohesive  force  of  its  molecules,  whence  they  assume  the  gase- 
ous condition  under  very  varied  circumstances  of  temperature. 

As  regards  the  effect  of  external  pressure,  an  increase  of  pressure  raises  the  boil- 
ing point,  and  a  diminution  of  pressure  diminishes  it,  because  in  the  one  instance 
there  is  a  larger  amount  of  external  work  to  be  overcome  than  in  the  other.  The 
influence  of  pressure  is  most  marked ;  certain  volatile  liquids — ether  for  example — 
which  do  not  boil  at  ordinary  temperatures  in  the  air,  boil  readily  in  an  exhausted 
receiver.  Again,  if  we  heat  water  to  the  boiling  point,  and  allow  it  to  cool  con- 
siderably, the  boiling  is  instantly  recommenced  when  it  is  placed  under  the  receiver 
of  an  air-pump,  on  exhausting  the  air.  Since,  therefore,  a  diminution  of  atmospheric 
pressure  leads  to  a  lowering  of  the  temperature  at  which  liquids  enter  into  ebulli- 
tion, we  can  well  understand  that  the  boiling  points  of  liquids  vary  with  the  eleva- 
tion above  the  sea  level ;  hence  the  height  of  a  place  above  the  sea  level  should 
always  be  stated  side  by  side  with  the  boiling  point, "when  the  locality  possesses  any 
considerable  elevation.  At  the  summit  of  Mont  Blanc  water  boils  at  185°  F. ;  that 
is  to  say,  the  boiling  point  is  lowered  27°  F.  We  can  thus  quite  account  for  the 
statements  of  travellers,  that  in  very  elevated  regions  they  have  found  it  impossible 
to  boil  potatoes.  The  height  of  a  mountain  may  be  roughly  determined  by  noticing 
the  boiling  point  of  water  at  its  summit,  for  by  this  means  the  pressure  of  the  air  is 
shown,  and  the  pressure  corresponding  to  a  given  height  is  known.  *  The  boiling 
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point  of  water  has  been  found  to  be  lowered  about  1°  F.  for  every  590  feet  of  ele- 
vation. 

Fonillet  gives  the  following  table  of  the  boiling  points  of  water  at  various  places 
situated  at  different  heights  above  the  level  of  the  sea : — 


Names  of  Place*. 


Farm  of  Antlsana 

Town  of  Mieaipampa  (Peru) 

Quito 

Town  of  Caxamarea  (Pern) 
Santa  Fe  de  Bogota    . 
Caooea  (Quito)    .       .       .       . 

Mexleo 

Hosplot  of  8.  Gothard 
8.  Vernon  (Maritime  Alps) 
Brenil  (Valley  of  Mont  Cerrln) 
Manrin  (Lower  Alps) 

B.Beml 

Hea*  (Pyrenees) . 
Garanne  (Pyrenees)  . 

Briancon 

Barege  (Pyrenees) 

Palace  of  8.  Ildefonso  (Spain)  . 

Baths  of  Mont  d'Or  (Anvergne) 

Pontarller 

Madrid 

Innsbrttek 

Munich 


Height  above 
the  level  of 
the 


Augsburg 

Salzburg 

Keufehatel 

Plombieret 

Clermont-Ferrand  (Prefecture) 
Geneva  and  Friburg  . 

Ulm 

Kattsbon 

Moscow 

flotha 

Turin 

Dijon 

Prague 

Mleon  fSaone) 

Lyons  (Rhone) 

Cassel 

Gottingea    .... 
Vienna  (Danube)        .... 
Milan  (Botanic  Garden) 

Bologna 

Parma 

Dresden 

Paris  (Royal  Observatory,  first  floor) 
Rome  (Capitol)    .  . 

Berlin 

Level  of  the  sea 


Feet. 


Mean  height 

of  the 
Barometer. 


Inches. 


Boiling-point 
of  water. 


Degree*  Fah. 


13,455 

17.87 

187.4 

11,870 

19.02 

190.2 

0,541 

20.75 

194.2 

0,384 

20.91 

194.5 

8,731 

21.42 

195.6 

8,639 

21.60 

195  8 

7,471 

22.62 

198.1 

6,808 

23.07 

199.2 

6,693 

23.15 

199.4 

6,685 

23.27 

199.6 

6,240 

23.58 

200.3 

5,265 

24.45  . 

202.1 

4,807 

24.88 

202.8 

4,738 

24.96 

203.0 

4,285 

25.39 

203.9 

4,164 

25.51 

204.1 

3,790 

25.87 

204.8 

3,412 

26.26 

205.7 

2,717 

26.97 

206.8 

1,995 

27.72 

208.0 

1,857 

27.87 

208.4 

1,765 

27.95 

208.6 

1,663 

28.08 

208.9 

1,658 

28.19 

209.1 

1,483 

28.27 

209.1 

1,437 

28.31 

209.3 

1,381 

28.39 

209.3 

1,348 

28.43 

209.3 

1,221 

28.54 

209.5 

1,211 

28.58 

209.7 

1,188 

28.68 

209.7 

984 

28.82 

210.2 

935 

28.86 

210.2 

755 

29.06 

210.4 

712 

29.14 

210.6 

687 

29.25 

210.7 

551 

29.29 

210.9 

532 

29.33 

210.9 

618 

29.33 

210.9 

440 

'29.41 

211.1 

436 

29.41 

211.1 

420 

29.45 

211.1 

897 

29.49 

211.1 

805 

29.67 

211.3 

295 

29.61 

211.3 

213 

29.69 

211.5 

151 

29.76 

211.6 

131 

29.76 

211.6 

0 

30.00 

212.0 

When  a  substance  is  simply  suspended  in,  or  mixed  with,  a  liquid,  upon  which  it 
has  no  action,  the  boiling  point  of  the  liquid  is  not  altered ;  thus,  if  sawdust  or  sand 
is  mixed  with  water  the  boiling  point  remains  212°  F.  But  if  the  substance  is  ac- 
tually dissolved  in  the  liquid  the  boiling  point  is  altered,  thus  a  solution  of  brine  has 
a  higher  boiling  point  than  water,  and  a  solution  of  resin  in  alcohol,  than  alcohol ; 
but  if  we  mix  alcohol  (boiling  point  =  173.1°  F.)  with  water,  we  have  a  mixture 
which  possesses  a  higher  boiling  point  than  alcohol,  and  a  lower  boiling  point  than 
water.  A  saturated  solution  of  common  salt  boils  at  227.12°  F.,  and  a  saturated 
solution  of  chloride  of  calcium  at  355.1°  F. 

The  air  which  is  dissolved  in  liquids  tends  to  lower  their  boiling  point.  When 
water  has  been  freed  from  air  as  completely  as  possible  by  long  continued  boiling, 
it  maj  be  raised  to  a  temperature  far  above  the  ooiling  point,  without  entering  into 
ebullition.  M.  Donny  of  Ghent  has  raised  water  thus  freed  from  air  to  a  tempera- 
ture of  135°  C.  (275°  F.)  without  ebullition,  but  above  this  temperature  the  heated 
water  was  jerked  violently  from  one  end  of  the  tube  containing  it  to  the  other,  and 
sometimes  an  explosion  took  place  with  extreme  violence.    Mr.  Grove  found  that 


ECLIPSE. 

And  all  that  is  necessary  to  make  this  new  of  the  can 
correspond  with  the  actual  facts,  is  to  remember  that  the 
moon's  lice  of  nodes  has  not  a  fixed  direction  on  the 
ecliptic,  but  sometimes  progressing,  at  other  times  ret- 
rograding, on  the  whole  is  carried  retrogreetivelv  round 
the  ecliptic  once  in  somewhat  less  than  19  years,  to  that 
it  passes,  in  reality,  40  times  through  the  son  in  that 
time,  instead  of  only  38. 

Hence  about  40  times  in  19  years  the  moon's  orbit  h 
favorably  situated  for  the  occurrence  of  an  eclipse.  One 
of  these  epochs  cannot  pass  without  one  eclipse  at  least ; 
frequently  there  occur  two;  and  sometimes  there  occur 
three.  Thus  there  most  always  be  two  eclipses,  at  least, 
in  every  year ;  and  there  may  be  more.  The  absolute 
maximum  is  seven,  corresponding  to  the  case  in  which 
three  eclipses  occur  at  each  of  two  eclipse-seasons  (to 
coin  a  convenient  word),  and  an  eclipse  belonging  to  a 
third  season  just  falls  within  the  year — the  possibility 
of  which  will  be  seen  when  it  is  remembered  that  the 
interval  separating  these  eclipse-seasons  is  somewhat 
leas  than  half  a  year. 

Rut  now  let  iis  consider  how  it  happens  that  there 
must  be  one,  and  may  be  three,  eclipses  at  each  of  the 
eel  ipse- seasons. 

Snppose  the  line  of  nodes  passed  through  the  snn  when 
the  moon  was  one  quarter  full.  Then,  both  at  the  pre- 
ceding and  at  the  following  conjunctions  (using  this  term 


line  of  nodes  lies  still  too  near  to  the  sui 
case  there  must  be  two  eclipses ;  and  i 


for  a 

i  this  is  the  most  favorable  case  for  the  a 


in  this 


Inte  avoidance  of  eclipse  :  and,  as  this  case  fails,  we  see  that,  in  no  case,  can  an  eclipse 
be  absolutely  avoided.  Bat  snppose  that  the  line  of  nodes  passes  through  the  sun  at 
the  time  of  new  moon.  Then  there  is,  of  course,  an  eclipse  of  the  snn  (a  central  one). 
Now  tbe  interval  of  time  separating  this  conjunction  from  the  preceding  and  following 
full  moons  is  about  twice  as  great  as  the  intervals  which,  in  the  last  case,  separated  tbe 
times  of  conjunction  from  the  passage  of  the  line  of  nodes  through  the  sun's  centre. 
Hence  the  distance  of  the  moon  from  her  nodes  is  so  much  greater,  at  both  these 
epochs,  that  no  part  of  her  globe  falls  within  the  earth's  shadow,  and,  therefore,  them 
is  no  lunar  eclipse.  Thus  there  occurs  but  one  eclipse  at  this  eclipse-season,  and  that 
eclipse  is  a  central  solar  one.  But  it  is  worth  noticing  that,  in  this  instance,  the 
moon,  at  both  the  epochs  considered,  passes  through  the  penumbra  of  the  earth,  and 
that,  though  the  Nautical  Almanac  takes  no  note  of  it,  there  is  always  one  pennmbral 
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lunar  eclipse,  at  least,  whenever  a  solar  eclipse  occurs,  which  is  neither  preceded  nor 
followed  by  an  ordinary  luuar  eclipse  at  the  preceding  and  following  occurrence  of 
fill  moon.  Thirdly,  if  the  line  of  nodes  passes  through  the  sun  at  the  time  of  full 
moon,  there  is  a  total  lunar  eclipse.  At  the  preceding  and  following  conjunctions 
of  the  sun  and  moon,  the  moon  would,  in  this  cose,  be  considerably  removed  from 
her  node,  but  not  so  far  but  that  she  would  partially  eclipse  the  sun.  Thus,  in  this 
ease,  there  would  be  three  eclipses,  one  lunar  and  central ;  the  others  occurring  one 
about  a  fortnight  before,  and  the  other  about  a  fortnight  after,  and  both  of  them 
•olar  and  partial. 

It  will  easily  be  seen  that  in  intermediate  cases,  one  or  other  of  the  three  results 
here  considered  must  take  place.  There  can  never  be  more  than  three  eclipses,  nor 
less  than  one ;  if  there  are  three,  two  are  solar  and  partial ;  if  there  is  but  one,  it  is 
solar  and  central.  Where  there  are  two,  one  must  be  solar,  the  other  lunar ;  and 
either,  but  not  both,  may  be  total. 

It  follows  that,  on  tho  whole,  solar  eclipses  must  be  more  numerous  than  lunar 
ones,  since,  whenever  a  single  eclipse  occurs  at  the  eclipse-season,  it  is  a  solar  one ; 
and,  whenever  three  occur,  two  out  of  the  three  are  solar.  It  has  been  calculated 
that  for  every  21,600  lunations,  there  are  4072  solar  aud  2614  lunar  eclipses.  The 
general  reason  for  this  numerical  superiority  of  solar  eclipses  is  easily  recognized  in 
the  fact,  that  if  a  cone  be  conceived  to  inclose  both  the  earth  and  sun,  its  vertex 
lying  without  the  earth,  a  solar  eclipse  will  occur  whenever  the  moon,  in  passing 
between  the  earth  and  sun,  comes  wholly,  or  in  part,  within  this  cone,  while  for  a 
lunar  eclipse  the  moon  must  also  pass  wholly,  or  in  part,  within  this  cone,  but  out- 
side the  earth's  orbit,  or  where  the  cone  is  smaller.     (See  Ecliptic  Limits.) 

On  the  contrary,  if  penumbral  lunar  eclipses  (which  theoretically  correspond  with 
partial  solar  ones)  be  included,  lunar  eclipses  will  be  the  more  frequent,  since  then  a 
lunar  eclipse  will  occur  whenever  the  moon  (beyond  the  earth's  orbit)  passes  wholly 
or  in  part  within  the  cone  inclosing  both  the  earth  and  sun,  but  having  its  vertex 
between  these  bodies ;  and  it  is  easily  seen  that  the  section  of  this  cone  at  the  moon's 
distance  beyond  the  earth's  orbit  is  greater  than  the  section  of  the  former  cone  at 
the  moon's  distance  within  the  earth's  orbit. 

It  is  to  be  added  that,  at  any  given  station  on  the  earth,  lunar  eclipses  are  more 
often  seen  than  solar  ones,  the  reason  being  that  a  lunar  eclipse  is  visible  from  all 
stations  at  which  the  moon  is  visible,  whereas  an  eclipse  of  the  sun  is  only  visible 
from  a  limited  portion  of  the  earth's  surface. 

We  proceed  to  consider  the  special  characteristics  of  solar  and  lunar  eclipses. 

Solar  Eclipse.  A  solar  eclipse  may  be  total,  annular,  or  partial.  In  a  total 
eclipse,  the  wnole  disk  of  the  sun  is  concealed  by  the  moon ;  in  an  annular  eclipse, 
the  whole  disk  of  the  moon  is  projected  within  the  sun's ;  in  a  partial  eclipse,  the 
moon's  disk  overlaps  the  sun's,  the  outlines  of  the  two  disks  being,  in  this  case,  inter- 
secting circles. 

We  may  consider  solar  eclipses  in  two  ways.  If  we  conceive  the  motions  of  the 
solar  and  lunar  disks,  and  remember  within  what  limits  these  disks  vary  in  size,  we 
shall  see  that  the  various  orders  of  solar  eclipse  are  fully  accounted  for.  The  limits 
between  which  the  apparent  diameter  of  the  sun  varies  are  32'  36.4"  and  31'  31.8" ; 
while  the  lunar  disk  varies  in  apparent  diameter  from  33'  31.1"  to  29'  21.9".  Thus 
central  solar  eclipses  may  vary  between  the  case  when  the  sun's  disk  has  its  greatest 
and  the  moon's  its  least  diameter,  in  which  case  a  ring  of  light  will  remain  whose 
breadth  will  be 

i  (32'  36.4"— 29'  21.9") ;  or  1'  37.2", 
and  the  case  when  the  sun's  disk  has  its  least  and  the  moon  its  greatest  diameter,  in 
which  case  the  moon's  disk  will  extend  beyond  the  sun's  by  a  breadth  of 

i  (33'  31.1"— 31'  31.8") ;  or  5.96". 
Or,  instead  of  adopting  this  mode  of  viewing  the  subject,  we  may  consider  the  nature 
of  the  cone  as  inclosing  both  the  sun  and  moon,  and  having  its  vertex  beyond  the 
moon.  The  part  of  this  cone  which  lies  beyond  the  moon  is  the  moon's  shadow.  If, 
at  the  time  of  new  moon,  any  part  of  this  shadow  falls  on  the  earth,  the  sun  is  totally 
eclipsed  as  respects  all  those  places  which  are  thus  in  shadow.  On  the  contrary,  it 
is  easily  seen  that  if  the  shadow  does  not  reach  the  earth,  but  the  production  of  the 
cone  beyond  its  vertex  does,  then  to  all  parts  of  the  earth  on  which  this  produced 
part  of  the  cone  falls  an  annular  eclipse  is  visible.  If  neither  the  cone  nor  its  pro- 
duction beyond  the  vertex  touches  the  earth,  but  a  cone  enveloping  both  the  moon 
16 
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and  sun,  and  having  its  vertex  between  those  bodies,  reaches  the  earth,  then,  at  any 
part  of  the  earth  falling  within  this  cone,  the  sun  appears  partially  eclipsed. 

Lunar  Eclipses.  For  the  occurrence  of  a  lunar  eclipse,  all  that  is  necessary  is 
that  the  moon  should  pass  within  the  cone  enveloping  the  sun  and  earth,  and  having 
its  vertex  outside  the  earth.  The  diameter  of  the  cross  section  of  this  shadow  cone. 
where  the  moon's  orbit  passes  across  it,  must,  however,  be  supposed  to  be  increased 
by  about  l-60th  part,  on  account  of  the  earth's  atmosphere.  The  diameter  of  the 
reduced  section  exceeds  the  moon's  on  the  average  about  three  times. 

For  the  phenomena  presented  during  solar  eclipses  see  Corona,  Prominences,  etc. 
During  lunar  eclipses  few  phenomena  of  importance  have  hitherto  bead. 
The  most  remarkable,  perhaps,  is  the  red  and  almost  fiery  color  sometime* 
by  the  moon  when  totally  eclipsed.    Sometimes,  however,  the  moon  has  I 
invisible  at  such  times. 

For  eclipses  of  Jupiter's  satellites  sec  Jupiter. 

Ecliptic,  (ix,  and  Xctrf*,  to  pass  away  from.)  The  great  circle  of  tl 
along  which  the  sun's  centre  appears  to  move  in  the  course  of  a  year.  . 
derived  from  the  circumstances  that  eclipses,  cither  of  the  moon  or  of  ti 
only  happen  when  the  former  body  is  on  or  near  the  ecliptic.  The  ecliptic 
about  23£  degrees  to  the  equator.  (See  Obliquity  of  the  Ecliptic)  I* 
by  astronomers  into  12  portions,  each  of  30  degrees.    These  are  called  nJaflfi 

serve  conveniently  to  indicate  the  course  of  the  sun  along  the  circle.  fc^S 

where  he  passes  from  the  southern  to  the  northern  side  of  the  equator  fc  * 

first  point  of  Aries,  and  the  sign  Aries  extends  30  degress  from  this  po 
follow  the  signs  in  the  order — Aries,  Taurus,  Gemini,  Cancer,  Leo,  VI 
Scorpio,  Sagittarius,  Capricornus,  Aquarius,  Pisces.  The  sun's  motion 
ecliptic  is  not  uniform,  so  that  he  continues  a  longer  time  in  some  sif 
others.  He  moves  most  slowly  along  the  ecliptic  in  summer.  (Com] 
Taurus,  etc.,  under  which  heads  the  approximate  dates  on  which  the  son 
leaves  each  sign  will  be  found  specified.)  Owing  to  the  precession  of  the 
the  signs  no  longer  agree  with  the  constellations  which  bear  the  same 
sign  Aries  falling  on  the  constellation  Pisces,  and  so  on. 

Ecliptic  Limits.  The  limits  on  either  side  of  the  lunar  nodes,  withh 
moon  must  be  when  new  or  full,  in  order  that  a  solar  or  lunar  eclipse  may  thenl* 

For  a  solar  eclipse  the  limits  have  an  average  value  of  16°  50' ,  for  lui  tor 

they  have  an  average  value  of  10°  f>3\  ^ 

diffusion  of  Oases.    The  escape  of  gases  through  minute  apertures  ink  aum. 

In  his  experiments  to  determine  the  rate  of  effusion  of  gases,  Grahan  ,d  thin 
sheets  of  metal  or  glass,  perforated  with  minute  apertures  .086  millimetr-  .-  .003  of 
an  inch  in  diameter.  The  rates  of  effusion  coincided  so  nearly  with  the  ra  cS  of  diffu- 
sion as  to  lead  to  the  conclusion  that  both  phenomena  follow  the  same  law,  and, 
therefore,  the  rates  of  effusion  are  inversely  as  the  square  roots  of  the  densities  of 
the  gases.     (See  Diffusion.) 

Mastic  Force  of  Vapor.  The  clastic  force  of  the  aqueous  vapor  in  the  atmos- 
phere is  an  important  element  of  meteorological  inquiry.  It  is,  in  reality,  that  por- 
tion of  the  barometric  pressure  which  is  due  to  the  aqueous  vapor  in  the  atmosphere, 
and  may  be  regarded  as  proportional  to  the  absolute  humidity  of  the  air. 

Elasticity.  (Elasficus,  from  cxawecv,  to  drive.)  The  property  of  certain  bodies 
by  which,  after  having  been  compressed  or  extended,  they  recover  their  former  figure 
and  dimension  on  the  removal  of  the  compressing  or  stretching  force.  The  most 
elastic  bodies  are  gases,  and  there  seems  to  be  no  limit  to  their  elasticity.  If  a 
quantity  of  gas  be  included  in  a  syringe  under  a  piston  and  be  compressed  by  a 
force  applied  to  the  piston,  on  the  removal  of  the  force  the  gas  will  regain  its  former 
volume,  forcing  up  tnc  piston  until  it  have  recovered  the  position  from  which  it  had 
been  driven  by  the  compressing  force.  Again,  when  the  receiver  of  an  air-pomp  is 
partially  exhausted  the  air  left  in  it  entirely  fills  it. 

When  liquids  are  compressed  they  immediately  recover  their  original  dimensions 
when  relieved  from  the  pressure,  but  the  limits  of  compressibility  and  elasticity  in 
liquids  are  so  narrow  that  for  all  practical  purposes  liquids  are  treated  as  incom- 
pressible and  inelastic.  Solid  bodies  differ  very  considerably  in  their  elasticity.  If 
a  flut  surface  of  steel  be  smeared  with  a  coloring  matter,  and  an  ivory  ball  be  allowed 
to  drop  upon  it,  the  ball  will  rebound.     On  examining  the  part  of  the  surface  which 
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•truck  the  steel  it  "will  be  found  that  a  large  circular  mark  has  been  ma 
that  the  surface  has  been  flattened,  but  has  recovered  its  figure  by  v 


elasticity  of  the  ball.     Elasticity  of  impact  is  measured  by  a  coefl5cieiH'cV"mPa!,Ji"« 
which  is  constant  for  the  same  substances.  When  an  elastic  bar  or  strin1  lta  Pnmary 


by  a  force  it  is  found  by  experiment  that  the  extension  varies  as  the  p 
original  length  and  the  stretching  force.    If  the  stretching'  force  be  1 


the  original  length  and  divided  by  the  increase  of  length,  the  quotient^ 
quantity  termed  the  modulus  of  elasticity.    This  is  termed,  from  theB^    - 
discoverer,  Hooke's  law.    The  modulus  of  elasticity  for  any  uniform  BjKJ^^S 
is  the  strain  which  would  stretch  it  to  double  its  natural  length.    '^Brf 


table  of  moduli  is  based  on  Professor  Rankine's  (Applied  Mechanics,  p. 


Material. 

Wrought  iron  bars 
Cast  iron 
Brass 
Steel     . 


Modulus. 

29,000,000 

17,000,000 

8,900,000 

29,000,000 


Material. 

Copper  wire 
Oak       . 
Larch    . 
Fir 


V 

lf'(,.e  Rhnm- 

l»4i/isc.barge 
1.050,v*i  lu. 

1,330,000  i^ 


Elasticity,  or  Tension,  of  Gases.  All  gases  are,  as  far  as  is  known,  possessed 
of  perfect  elasticity,  that  is  to  say,  if  the  pressure  which  has  compressed  them  be 
withdrawn  they  will  resume  exactly  their  original  volume.  If  we  regard  a  cylindri- 
cal tube,  open  at  both  ends,  the  air  will  press  upon  both  the  inside  and  outside  of 
the  8nbstance  and  thus  pinch  it.  If  one  end  of  the  cylinder  be  closed,  it  will  be 
squeezed  by  the  same  force  which  the  air,  like  all  fluids,  transmits  equally  in  all 
directions.  Let  us  suppose  now  that  there  is  in  the  cylinder  a  piston :  without 
weight.  It  is  at  rest.  Pressed  downwards  as  before  by  the  weight  of  the  air  above 
it,  it  is  no  longer  pressed  upwards  by  the  direct  pressure  of  the  air  (this  pressure  is 
shot  off  by  the  closed  bottom  of  the  cylinder) ;  but  it  is  pressed  up  by  the  elastic 
ferce  or  tension  of  the  air  beneath  the  cylinder,  which  had  been  compressed  before 
the  piston  was  introduced.  The  existence  of  both  these  pressures  is  easily  shown 
by  means  of  the  air-pump.  Thus,  let  a  sheet  of  caoutchouc  be  stretched  across  ono 
end  of  a  cylinder,  the  other  end  being  ground  flat  upon  and  covering  the  orifice  of 
the  air-pump  plate.  When  the  air  is  drawn  out  of  the  cylinder  the  elastic  force  or 
tension  is  withdrawn  with  it.  Consequently  the  pressure  of  the  air  on  the  top  of 
the  caoutchouc,  meeting  with  no  resistance  from  below,  bulges  the  membrane  in- 
wards. If,  on  the  other  hand,  the  month  of  a  flask  be  covered  with  caoutchouc,  and 
the  whole  bfput  under  the  receiver  of  the  air-pump  from  which  the  air  is  withdrawn, 
the  membrane  will  be  forced  outwards,  because  the  elastic  force  of  the  air  in  the 
flask  (due  to  its  previous  compression)  will  no  longer  encounter  the  atmospheric 

Eressure  which  is  withdrawn.  Similarly  a  wet  bladder,  partially  filled  with  air.  will 
ecome  fully  distended  when  the  pressure  of  the  surrounding  air  is  removed  under  the 
receiver  of  the  air-pump. 

Elective  Absorption  of  Light.  (Elncfus,  selected.)  In  optics  the  term  used 
to  express  the  absorption  of  the  rays  constituting  light  of  a  certain  color,  in  prefer- 
ence to  those  constituting  light  of  other  colors.     (See  also  Color,  Absorption  of.) 

Electrical  Fish.  Certain  fish  which  have  the  power  on  being  touched  of  giving 
an  electric  shock,  similar  to  that  given  by  a  Lcyden  jar.  They  have  long  been 
known,  as  is  shown  in  a  memoir  by  Professor  Wilson.  i%  On  the  Electric  Fishes,  as 
the  earliest  Machines  employed  by  Mankind." — Edinburgh  Philosophical  Journal, 
1857.  Of  late  thev  have  engaged  the  attention  of  many  investigators,  among  whom 
may  be  mentioned  John  Hunter,  Galvani.  Becqnerel,  Breschet.  Humboldt .  Mat- 
teucci,  Faraday.  The  most  celebrated  species  are  the  Gymnotiis  Electricus,  or 
Electric  Eel  (Fig.  50),  and  the  Rain  Torpedo  (Fig.  51). 

The  former  is  found  in  South  America  in  the  streams  which  flow  into  the  Orinoco; 
and  it  was  there  that  Humboldt  studied  its  nature.  It  is  a  fish  much  like  an  eel, 
bat  with  a  more  rounded  obtuse  nose  than  ordinary.  Its  length  varies  from  three 
to  six  feet.  A  specimen  which  Faraday  examined  was  40  inches  long.  On  touching 
simultaneously  two  points  in  the  body  of  the  fish  a  powerful  shock  is  experienced. 
Faraday  calculated  that  an  ordinary  discharge  is  equivalent  to  that  of  fifteen  Iievden 
jars,  having  each  25  square  feet  of  tinfoil  coating.  Humboldt  describes  the  talring 
of  wild  hones  in  South  America  by  the  aid  of  the  Gymnotns.  The  natives  drive  tho 
animals  in  a  body  into  a  pond  in  which  the  fish  abound,  and  the  horses  soon  yield  to 


part  of  tbJTrffon  beina;  stanned.  and  mine  wen  kflbd.     The  Block  becomes 
ljUnar  pker  on  treqaen*.  r»petii.:n :  the  fish  teelf  bpcunies  eihausted,  and  after 
-.xalitv.    Tie  dfscoarre  has  power  to  produce  momentary  currents  in 


o  give  a  spark,  or  to  effect  chemical 
Imposition.     The  orzin  bj  which  the  shock  is  pro- 
Reed  appear  to  be  a  species  of  pile  ninaiaz  frmn  near 
he  head  to  the  tail-  and  is  (applied  with  some  han- 
dreds  of  pairs  of  nerres. 

The  Torpedo  his  been  earefaHy  studied  by  Mat- 
teucci.  It  is  a  larze  fish,  weizhintr  often  JO  lrsL  much 
like  a  state.  It  is  found  in  the  Bar  of  Biscay  and  in 
the  Mediterranean.  Its  electrical  properties  are  simi- 
lar to  those  which  hare  been  described  in  the  case  of 
the  Gymnotos.  The  shock  is  produced  by  a  double 
orzan  situated  in  the  two  sides  of  the  bead!  and  unit 
ioz  in  front  of  the  nasal  bones.  Each  of  the  parts  is 
composed  of  a  Dumber  of  hexagonal  prisms,  present- 
ing the  appearance  or  a  honeycomb,  and  four  nerres  go 
to  each  cell.  The  prim;  are  filled  with  a  liquid  which 
consists  of  nine  parts  of  water,  one  of  albumen,  and 
tome  chloride  of  Sodium. 

iiesides  the  Uyronotiis  and  Torpedo  there  are  some 
less   powerful  electric  fish;  the  Jfataptermus  Elec- 

(r(>ui,  which  is  found  in  the  Nile,  which  is  described  by  Professor  Goodsir;  the  JfaZap- 
termua  Beninensii.  described  by  Mr.  Mnrray,  Edinburgh  Philosophical  Journal, 
16.15;  the  Htluru*,  and  others. 

Electric  Battery.    See  Batter;/.  E'-'-tric. 

Electric  Broth  and  Glow.  Spectrum  of  the.  Schimkow  has  examined  the 
fpei'trom  of  the  electrical  brush  anil  plow  (Poggeodorff^lnna/fn.  cnix.,  pp.  S08- 
620. j  When  the  spectrum  of  the  spark  is  affected  by.  and  produced  in  both  nilro- 
p-n  and  oxygen,  the  brush  discharge  only  pires  nitrogen  lines,  and  is  not  formed 
at  all  in  pure  oxygen  ;  a  trace  of  nitrogen  entering  the  tube  is  sufficient  to  repro- 
dif>-  the  light  and  its  peculiar  lines.  The  same  is  true  in  regard  to  the  luminous 
glow  oWrvtd  when  electricity  is  discharged  between  two  points,  bot  the  latter 
spectrum  is  much  fainter  than  that  of  the  brash.  It  is  characteristic  of  these  lines 
that  they  occur  in  the  most  refrangible  part  of  the  spectrum.  This  seems  dne  to  the 
vmrh  fcwr  temperature  in  the  brush  and  plow  discharge,  as  compared  with  the 
spark  discharge.  By  introducing  into  the  circuit  of  a  coil  a  wet  string  fonr  metres 
long.  Sehimkow  made  the  nitrogen  spectrum  of  a  Geissler  tube  appear  precisely 
like  the  brash  spectrnm  :  the  yellow  lines  had  been  weakened  much  more  than  the 
violet  ones ;  at  a  low  temperature,  therefore,  nitrogen  seems  specially  to  emit  the 
trunt  refrangible  rays,  which  agrees  with  the  observations  of  Ton  Waltenhofen, 
accnrilins'  to  which  the  least  refrangible  ravs  are  first  extinguished  when  air  is  suc- 
cessively more  and  more  rarefied.  Thus  the  bruxh  and  glow  are  due  to  the  lumi- 
nosity of  nitrogen  at  a  temperature  below  that  at  which  oxygen  becomes  luminous; 
and  furthermore  ihev  consist  principally  of  the  more  refrangible  rays. 

Electric  Clock.   "See  Clack.  Electric. 

Electric  Discharge,    See  Charge.  Electric, 

I        Electric  Column.    See  Column,  Elerfric.  and  Volta's  Pile. 
Electric  Conduction.    Bee  Conduction,  Electric;  Conductor;  and  Resistance, 
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Stoctrio  Current.    See  Current,  Electric. 

Electric  Distribution.    See  Electrostatics,  second  part. 

Electric  Egg.  An  apparatus  used  for  showing  the  phenomena  accompanying 
the  discbarge  of  electricity  through  a  partial  vacuum  (Fig.  52).  In  its  primary 
form  it  is  an  oval-shaped  glass  vessel  with 

an  open  neck  at  each  end.    To  one  open-  Fig.  52. 

ing  is  fitted  a  brass  tube  with  a  stopcock, 
which  is  arranged  so  that  it  can  be  screwed 
down  to  the  plate  of  the  air-pump,  and  a 
brass  rod  carrying  a  ball  projects  from  it 
into  the  interior.  The  other  neck  is  also 
furnished  with  a  brass  fitting,  through  which 
a  second  brass  rod,  tipped  with  a  ball  can 
slide,  air-tight,  in  and  out  The  egg  is  exhausted,  and  thin  wires  from  the  Rhum- 
korfFs  coil  are  attached  to  the  upper  and  lower  brass  fittings,  and  the  discharge 
thus  made  to  pass  between  the  two  brass  knobs  gives  rise  to  the  most  beautiful  lu- 
minous phenomena.  The  negative  ball  is  surrounded  with  a  blue  or  purple  aureola, 
while  red  streams  of  light  issuing  from  the  possitive  ball  widen  out  so  as  to  fill  almost 
completely  the  oval-shaped  interior.  It  was  observed  by  Grove  that  under  certain 
circumstances,  the  light  presents  a  stratified  appearance,  and  is  composed  of  layers 
alternately  bright  and  dark,  whose  general  lie  is  at  right  angles  to  the  line  joining 
the  balls.  Since  that  time  (1852),  the  electric  egg  has  attracted  the  attention  of 
some  of  the  greatest  observers,  of  Grove,  Gassiot,  Plucker,  Robinson,  and  others. 
The  phenomenon  of  stratification  is  easily  shown,  when  a  few  drops  of  alcohol,  ether, 
or  oil  of  turpentine  are  introduced  into  the  egg,  and  the  exhaustion  carried  down  to 
a  twelfth  of  an  inch  of  mercury.  The  light  is  then  divided  into  lenticular  masses, 
separated  from  each  other  by  thick  dark  beds.  The  general  lie  of  these  layers  is, 
as  we  have  said,  perpendicular  to  the  line  joining  the  balls,  but  they  are  curved 
at  each  end  of  the  egg,  turning  a  concave  siae,  towards  the  trails.  This  is  particu- 
larly shown  in  the  red  light  which  streams  from  the  positive  extremity.  Trie  blue 
aureola  round  the  negative  ball  is  seen  to  be  divided  into  two  or  three  distinct  en- 
velopes, and  a  thick,  dark  space  separates  this  blue  light,  which  clings  closely  around 
its  ball,  from  the  diffused  fight  which  spreads  out  from  the  other.  When  various 
gases  are  introduced  into  the  egg,  the  phenomena  are  exceedingly  varied  and  com- 
plicated. The  color  of  the  light  is  altered  and  depends  upon  the  nature  of  the  gas 
introduced.  With  hydrogen  it  is  greenish-blue ;  with  oxygen,  much  the  same  as  in 
the  case  of  air,  but  whiter.  In  nitrogen  it  is  similar,  but  more  red  at  the  positive 
end.  while  at  the  negative  end  it  assumes  a  very  intense  dark  blue.  With  carbonic 
oxide,  it  is  bright  green ;  yellow  at  the  positive  end  and  blue  at  the  negative  ;  with 
carbonic  acid  gas  it  is  white ;  and  an  intense  blue,  varying  to  purple,  is  obtained 
with  sulphurous  acid  gas  and  with  ammonia.  Frequently,  also,  the  eases  become 
phospherescent,  and  continue  to  glow  and  flash  after  the  discharge  has  been  stopped. 
E.  Becquerel  has  studied  the  phenomena  of  phosphorescence,  and  has  come  to  the 
conclusion  that  it  may  arise  from  two  causes,  either  from  the  glowing  of  the  mole- 
cules of  the  gases  themselves,  or  from  the  electrification  of  the  interior  of  the  glass, 
which  gives  rise  to  after  discharges  from  place  to  place. 

The  action  of  a  powerful  magnet  upon  the  electric  discharge  through  a  vacuum, 
has  been  studied  by  Gassiot  and  by  Pllicker.  The  results  of  PlUcker  are  given  in 
PoggendorfTs  Annalen,  Nos.  ciii.  civ.,  and  in  the  Phil.  Mag.  for  1858,  vol.  ii.  He 
shows  that  the  discharge  concentrates  itself  into  a  band  or  bands  in  the  direction  of 
the  magnetic  curves,  the  position  and  form  of  the  bands  depending  upon  the  position 
of  the  poles  with  respect  to  the  points  between  which  the  discharge  is  taking  place. 
He  considers  the  case  to  be  that  of  an  electric  current  taking  place  through  a  flexible 
conductor,  and  inquires  what  must  be  the  position  of  the  conductor  for  equilibrium. 

The  investigations  which  we  have  spoken  of  have  been  largely  carried  on  by  means 
of  what  are  known  as  Oassiofs  Vacuum  Tubes.  Mr.  Gassiot,  for  the  purpose  of 
experimenting  on  this  subject,  made  use  of  glass  tubes  of  various  sizes  and  shapes, 
through  which  platinum  wires  pass  sealed  into  the  glass,  and  which  are  once  for  all 
exhausted  and  hermetically  sealed.  The  idea  was  taken  up  by  Geissler  of  Bonn, 
who,  with  the  advice  and  assistance  of  M.  PlUcker,  constructed  tubes  of  very  varied 
forms  filled  with  different  gases,  and  at  all  degrees  of  exhaustion.    Vacuum  tubes 
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are  now  universally  made  use  of,  not  only  for  the  purpose  of  investigation,  but  also 
for  lecture  illustration. 

The  cause  of  the  phenomena  which  we  have  described  is  still  a  matter  of  uncer- 
tainty. The  origin  of  the  stratification  has  been  discussed  by  Grove,  Gassiot,  Rob- 
inson ;  by  Quet,  Seguin,  and  Morren ;  but  it  cannot  be  said  that  any  satisfactory 
explanation  of  them  has  yet  been  offered. 

We  refer  the  reader  for  further  information  to  PlUcker's  papers  mentioned  above, 
and  to  those  of  Dr.  Robinson.     (Phil.  Mag.  1859.) 

Electricity.  (jjtexrpoi/,  amber.)  A  name  applied  to  that  which  is  the  cause  of 
certain  phenomena  of  attraction  and  repulsion,  certain  luminous  appearances  and 
physiological  effects.  Electricity  is  generally  spoken  of  as  though  it  were  a  fluid 
or  fluids  (see  the  concluding  part  of  this  article,  and  Electricity,  Theories  of); 
and  it  is  in  this  way  that  we  shall  use  the  word  throughout  this  book.  It  is  bow- 
ever  to  be  understood  that  we  knoto  nothing  of  the  real  nature  of  electricity,  and 
that  this  conception  is  only  used  in  order  to  give  definiteness  to  our  language  and 
our  thoughts.  What  we  do  know  are  the  phenomena  which  electricity  gives  rise  to, 
and  these  we  proceed  to  treat  of. 

According  to  the  plan  of  this  work  the  various  phenomena,  facts,  theories,  etc., 
arc  treated  of  under  their  special  names  or  designations.  We  propose  in  this  article 
to  give  a  very  brief  statement  of  the  fundamental  facts  regarding  electricity,  and  to 
point  out  where  special  information  may  be  found. 

As  early  at  least  as  the  time  of  Thales,  the  fact  that  amber,  when  vigorously 
rubbed,  acquires  the  property  of  drawing  to  itself  small  light  bodies,  such  as  shreds 
of  paper,  wool,  etc.,  was  known.  The  same  is  said  to  have  been  observed,  with  re- 
spect to  one  or  two  other  substances,  by  the  Greeks ;  but  these  remained  isolated 
facts,  and  the  study  of  the  science  cannot  be  said  even  to  have  commenced  till  after 
the  publication  of  Dr.  Gilbert's  Tractatus  de  Maanete  in  1600,  in  which  he  treats 
of  the  forces  of  electric  and  magnetic  attraction.  Since  that  time  it  has,  on  the  one 
hand,  been  perhaps  the  most  popular  of  experimental  sciences  with  the  exception  of 
chemistry,  while,  on  the  other,  it  has  given  food  for  speculation  to  the  minds  of  the 
greatest  mathematicians,  and  the  study  and  examination  of  the  laws  of  attraction, 
and  repulsion,  and  of  electric  distribution,  have  been  among  their  favorite  labors. 

Nor  is  the  interest  of  the  study  great  only  to  philosophers,  or  confined  to  natural- 
ists and  mathematicians.  On  the  one  side  the  phenomena  are  attractive  even  to 
the  most  unlearned,  and  on  the  other  the  practical  applications  of  electricity  have 
already  become,  and  arc  daily  becoming  more  and  more  absolutely  essential  to  our 
common  comfort. 

We  proceed  to  describe  one  or  two  experiments  which  illustrate  the  fundamental 
facts  of  this  science. 

(1)  Take  a  thick  stick  of  sealing  wax  or  shell-lac,  carefully  dried  from  all  moisture, 
which  is  best  done  by  heating  very  slightly  before  a  fire,  and  rub  it  briskly  with  a 
piece  of  thoroughly  dry  flannel.  Excitement,  similar  to  that  observed  in  amber  by 
the  Greeks,  is  thus  produced.  If  the  rod  of  wax  be  brought  near  to  any  small  light 
bodies,  such  as  small  shreds  of  paper,  bits  of  wool,  or  a  light  feather,  attraction  will 
be  at  once  displayed,  and  the  bodies  will  fly  through  the  air  to  the  wax.     (Fig.  53.) 

On  a  dry  day,  and  with  vigorous  rubbing,  a  crackling  noise  will 
Fig.  53.  be  heard,  and  in  the  dark  flashes  of  light  will  be  seen,  while  the 

rubbing  proceeds,  or  if  the  stick  of  wax  be  brought  near  to  the 
hand  or  face  of  the  experimenter.  The  excitement  disappears 
after  a  time,  but  may  always  be  restored  by  simple  friction. 

(2)  Let  a  light  ball  of  elder  pith,  a  quarter  of  an  inch  in  diam- 
eter, be  suspended  by  a  fine  very  dry  thread  of  silk  from  a  con- 
venient stand,  and  let  the  wax,  after  being  briskly  rubbed,  be  brought  near  without 
touching  the  ball.     Attraction  will  take  place,  and  the  ball  be  drawn  aside  from 
the  vertical ;  but  if  the  wax  be  removed,  the  ball  falls  back  to  its  place  again. 

(3)  If  the  wax  be  brought  near  enough,  the  ball  flies  to  it;  but  the  moment  it  has 
touched  the  wax,  it  is,  instead  of  being  attracted,  powerfully  repelled  (Fig.  54), 
and  it  now  remains  for  a  considerable  time  repulsive  of  the  wax,  unless  it  be  touched 
by  some  other  body. 

(4)  If  under  these  circumstances  a  warm  dry  glass  rod  or  tube  be  rubbed  with  a 
dry  silk  handkerchief,  and  presented  to  the  pith-ball  now  repulsive  of  the  wax,  it  will 


ELECTRICITY.  247 

be  found  to  attract  the  ball,  but  after  contact  has  taken  place  there  will  be  repulsion 
between  them. 

(5)  Lastly,  if  after  the  pith  ball  has  been  touched,  either  with  the  wax  or  with  the 
glass,  the  similarly  suspended  ball  be  brought  near  the 
first,  it  will  be  found  that  attraction  takes  place  between  Fig,  54. 

them,  but  that  after  they  have  been  in  contact  they  repel 
each  other. 

The  consideration  of  these  experiments  leads  us  to  the 
following  fundamental  remarks  respecting  electricity. 

First,  we  see  the  production  of  electricity  by  friction, 
and  the  manifestation  of  electric  force  by  means  of  attrac- 
tions and  repulsions  produced  by  it. 

Next,  we  notice  the  dual  nature  of  the  force,  for  we  have 
seen  the  wax  excited  by  friction  attracting  where  the  glass 
also  excited  by  friction  would  repel,  aud  glass  attracting         ^ 
where  wax  would  repel.  ft* 

Then  we  observe  that  electricity  may  be  communicated      wl 
by  contact  from  an  electrified  body  to  one  not  electrified. 

And  finally,  we  have  an  indication  of  the  following  laws :  That  electrified  bodies 
attract  neutral  bodies ;  that  similarly  electrified  bodies  repel  each  other,  and  oppo- 
sitely electrified  bodies  attract  each  other. 

Among  the  earliest  discoveries  in  the  science  of  electricity  was  this,  that  some 
bodies  when  rubbed  gave  apparently  no  electricity  whatever;  and  hence  bodies  were 
divided  into  two  classes,  electrics  or  those  which  can  be  electrified  by  friction,  and 
non-electrics  or  those  which  cannot ;  and  the  chief  effort  of  the  earliest  experimenters 
in  the  subject  was  the  separating  of  bodies  into  these  two  groups ;  but  it  was  soon 
found  that  this  distinction  is  merely  apparent,  aud  that  the  difference  depends  upon 
what  is  called  the  power  of  conduction  for  electricity,  which  bodies  possess  in  greater 
or  less  degrees.  Thus  it  was  observed  that,  while  a  rod  of  glass  or  of  sealing-wax 
might  be  excited  by  rubbing,  no  amount  of  friction  would  electrify  a  rod  of  iron  held 
in  the  hand.  But  if  we  suppose  for  the  present  an  electric  fluid  produced  or  set  free 
by  rubbing,  we  may  imagine  the  fluid  passing  over  the  surface  of  a  body  such  as 
iron  or  through  its  mass  and  unable  to  move  over  or  through  sealing-wax  or  glass. 
When  the  electricity  is  produced  by  friction  upon  glass,  it  remains  where  it  was 
produced,  •'  insulated"  as  it  is  called,  and  exhibits  its  effects  of  attraction  and  repul- 
sion towards  external  objects ;  but  if  it  be  produced  on  such  a  body  as  a  rod  of  iron 
h'jld  in  the  hand,  it  is  transferred  through  the  iron  to  the  hand,  thence  through  the 
body  to  the  earth.  And  this  is  found  to  be  the  case,  for  if  the  iron  rod  be  cemented 
to  a  stick  of  glass  and  thus  supported,  it  can  readily  be  electrified  by  friction.  The 
transference  of  electricity  from  one  point  to  another  through  or  over  the  surface  of  a 
mass  of  matter  is  called  conduction;  bodies  by  means  of  which  the  transference 
takes  place,  are  called  conductors  ;  those  which  do  not  permit  it  to  take  place  are 
called  non-conductors  or  insulators.  It  was  Gray  who,  in  1729,  first  showed  the 
phenomenon  of  conduction  ;  and  Du  Fay  immediately  after  pointed  out  that  electrics 
are  identical  with  non-conductors,  and  non-electrics  with  conductors.  Among  con- 
ductors are  the  metals,  graphite,  water;  among  non-conductors  or  insulators  are 
glass,  sealing-wax,  gutta-percha,  paraffin,  etc.,  and  all  gases.  For  further  information, 
see  Conduction;  Conductor;  Electrics. 

It  is  fouud  that  all  bodies  may  be  electrified  by  friction,  if  proper  precautions, 
such  as  those  we  have  just  mentioned,  be  taken,  and  that  some  are  electrified  like 
glass  rubbed  with  silk,  and  others  like  wax  rubbed  with  flannel.  If  we  use  a  testing 
body  such  as  the  suspended  pith  ball,  or  electric  pendulum,  as  it  is  called,  and  elec- 
trify it  in  a  known  way,  we  shall  be  able  by  its  attractions  and  repulsions  to  distin- 
guish betweeu  bodies  electrified  one  way,  and  bodies  electrified  the  other.  Instru- 
ments more  delicate  than  the  electric  pendulum  are  constructed  for  the  purpose  of 
testing,  and  they  are  called  electroscopes  (q.  v.).  IJy  means  of  such  instruments  a 
division  is  made,  and  bodies  electrified  like  glass  rubbed  with  silk  are  said  to  be 
positively  or  vitreously  (vitrum,  glass)  charged,  while  bodies  electrified  like  wax 
rubbed  with  flannel  are  said  to  be  negatively  or  resinnusly  charged. 

In  the  experiments  described  above,  two  bodies  were  rubbed  together,  but  only 
one  of  them  was  examined  in  each  case.  If,  however,  the  rubber  is  tested,  it  is  also 
found  to  be  electrified,  but  the  electricity  which  it  contains  is  of  the  opposite  kind  to 


Cat's  skin. 

Wood. 

Flannel. 

Shell-lac. 

Ivory. 

Resin. 

Rock  crystal. 

Metals. 
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that  produced  on  the  body  nibbed.  Thus  the  wax  and  flannel  being  rubbed  together, 
the  wax  is,  as  we  have  seen,  negatively  electrified,  and,  at  the  same  time,  the  flannel 
is  positively  electrified.  In  fact,  both  electricities  are  produced  together,  and  in 
exactly  equal  amounts.  The  kind  also  of  the  electricity  produced  in  any  particular 
substance  by  friction  depends  upon  the  body  with  which  it  is  rubbed,  and  in  the 
state  of  the  surfaces  rubbed  together.  Thus  glass  rubbed  with  silk  is  positively 
electrified ;  rubbed  with  cat's  skin  it  is  negatively  electrified ;  while  glass,  with  its 
surface  ruffled,  becomes  negatively  charged  by  rubbing  with  silk. 

The  following  is  a  list  of  various  substances  arranged,  so  that  if  any  two  of  them 
be  rubbed  together,  the  one  which  stands  nearest  to  the  beginning  becomes  positively 
electrified,  the  other  negatively : — 

Glass.  Sulphur. 

Cotton.  Caoutchouc 

Silk.  Gutta-percha. 

The  hand.  Gun  cotton. 

Electrification  may  even  be  produced  by  rubbing  together  two  bodies  of  the  same 
material  whose  surfaces  differ  in  some  way  from  each  other.  Thus  if  a  rough  and  a 
smooth  surface  of  the  same  material,  or  a  warm  and  a  cold  surface,  be  rubbed  to- 
gether, the  smoother  or  the  colder  becomes  positively  electrified,  the  other  negatively. 
When  two  silk  ribbons  are  rubbed  across  each  otner,  that  which  is  longitudinally 
rubbed  becomes  positively  electrified ;  aud  when  a  white  ribbon  is  rubbed  by  a  black 
one,  the  white  ribbon  becomes  positive.  Electrification  also  takes  place  when  a 
stream  of  air  is  directed  from  a  pair  of  bellows  on  a  glass  plate,  and  a  very  powerful 
electric  machine  has  been  constructed  to  utilize  the  electricity  produced  by  a  wet 
stream  blowing  out  through  a  narrow  pipe.     (See  Electric  Machine.) 

Friction  is  one  of  the  chief  modes  of  producing  electric  excitement ;  and  since  for 
the  performance  of  electrical  experiments  it  is  frequently  an  object  to  obtain  con- 
siderable quantities  of  electricity,  machines  for  the  purpose  of  producing  it  by  fric- 
tion under  the  most  favorable  circumstances  have  been  constructed  ;  full  descriptions 
of  them  will  be  found  under  the  head  Electric  Machine.  But  besides  friction  there  are 
other  sources  of  electricity.  After  cleavage  or  pressure  certain  laminated  minerals, 
such  as  mica,  arragonite,  calcareous  spar,  exhibit  strong  electric  excitement  at  the 
surfaces  cleft  or  pressed,  one  of  these  surfaces  being  always  positive,  and  the  other 
negative ;  and  many  other  bodies,  not  minerals  at  all,  possess  the  same  property. 
Thus  if  a  disk  of  cork  and  a  disk  of  caoutchouc  be  pressed  together,  and  tnen  sepa- 
rated, the  former  is  found  to  be  electrified  positively,  and  the  latter  negatively. 
Change  of  temperature  also  produces  electric  excitement.  If  a  crystal  of  tourmaline 
be  warmed,  it  shows  positive  electricity  at  one  extremity  of  its  principal  axis,  and 
negative  at  the  other;  and  if  it  be  broken  during  the  heating,  each  of  the  parts  is 
electrified  at  each  end.  just  as  the  whole  was,  showing  apparently  that  the  crystal 
possesses  electric  polarity  analogous  to  the  polarity  which  a  magnet  has.  If  the 
neating  be  discontinued,  the  polarity  is  lost  for  a  moment,  but  as  soon  as  cooling 
begins  it  is  restored ;  now,  however,  the  end  which  was  positive  before  is  negative, 
and  that  which  was  negative  before  is  positive.  Topaz,  boracite,  and  some  other 
minerals  exhibit  similar  action  under  the  influence  of  neating. 

There  are  several  other  sources  of  electricity,  such  as  by  the  motion  of  magnets, 
which  is  treated  of  under  maynetic  elcctricih/,  and  by  the  application  of  heat  to  a 
junction  of  two  dissimilar  metals  (see  Thermo-electricity;  Thermopile) ;  but  the 
only  one  which  we  shall  refer  to  now  is  that  by  chemical  action.  If  a  plate  of  cop- 
per and  a  plate  of  zinc  be  partially  immersed  in  a  vessel  of  non-conducting  material 
containing  sulphuric  acid  and  water,  the  ends  of  the  copper  and  zinc  plates  which 
project  from  the  liquid  are  found  to  be  electrified  respectively,  positively,  and  nega- 
tively ;  if  then  these  ends  are  connected  for  an  instant  by  a  wire,  a  flow  of  electricity 
takes  place,  and  the  ends  arc  discharged ;  but  immediately  the  ends  are  recharged, 
and  a  second  application  of  the  wire  is  necessary  for  discharging  them.  This  goes 
on  again  and  again  ;  and  if,  instead  of  applying  the  wire,  and  Ihen  removing  it  time 
after  time,  the  wire  be  kept  connecting  the  ends  of  the  copper  and  zinc  plates,  a 
steady  flow  of  electricity  takes  place  through  it.  During  this  time  the  sulphuric 
acid  is  attacking  the  zinc  and  dissolving  it  away ;  and  since,  according  to  one  of  the 
theories  on  the  subject,  it  is  the  solution  of  the  zinc  by  which  the  electricity  is  pro- 
duced, we  are  accustomed  to  speak  of  the  electricity  as  produced  by  chemical  action. 
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Since  also  in  all  the  cases  which  we  have  mentioned  before,  such  as  electricity  pro- 
duced by  friction,  the  electricity  was  insulated  and  at  rest ;  and  since  in  this  case 
the  electricity  is  in  motion,  a  constant  charging  and  discharging  going  on,  it  is  cus- 
tomary to  speak  of  electricity  at  rest,  and  electricity  in  motion ;  or,  using  terniB 
similar  to  those  employed  in  the  study  of  mechanics  to  speak  of  electrostatics  and 
electrodynamics,  nnder  which  heads,  and  that  of  Battery,  Galvanic,  full  informa- 
tion on  the  effects  of  electricity  in  these  two  states  will  be  found.  The  reader  should 
also  consult  Current,  Electric;  Galvanism. 

We  shall  now  proceed  to  notice  briefly  the  phenomena  of  induction  (see  also  the 
article  nnder  that  head),  and  shall  then  conclude  by  referring  to  the  theories  of  elec- 
tricity. If  an  electrified  body  be  brought  near  to  an  unelectrified  and  insulated  body, 
the  latter  becomes  electrically  excited.  Thus  if  we  bring  a  charged  metallic  ball, 
insulated  by  being  suspended  from  a  silk  string,  near  to  another  metal  ball,  or  pre- 
ferably, for  the  sate  of  explanation,  to  one  end  of  a  metal  cylinder  with  hemispheri- 
cal ends,  which  is  set  upon  a  glass  support,  we  shall  find  the  cylinder  electrified  in 
the  following  manner.  The  end  nearest  the  suspended  ball  possesses  electricity  of 
the  opposite  kind  to  that  of  the  ball,  and  the  excitement  is  greatest  at  the  place 
nearest  to  which  the  ball  is.  This  gradually  diminishes  as  we  approach  the  middle 
zone  of  the  cylinder  where  there  is  no  electrification,  and  from  this,  as  we  approach 
the  other  end,  we  find  electricity  of  the  same  kind  as  that  upon  the  ball,  gradually 
increasing,  and  greatest  at  the  point  farthest  from  the  ball.  This  excitement  is  said 
to  be  due  to  induction,  and  the  electricity  at  the  two  ends  of  the  cylinder  is  said  to 
be  induced.  If  the  inducing  ball  be  removed  equilibrium  is  restored,  and  the  state 
of  the  cylinder  is  again  perfectly  neutral ;  but  if,  while  the  inducing  ball  is  near  to 
the  insulated  cylinder,  the  latter  be  touched  or  disinsulated  in  any  way,  electricity 
of  the  same  kind  as  that  of  the  ball  flows  away  to  the  earth  ;  and  if  insulation  be 
restored,  and  the  ball  then  removed,  the  cylinder  will  be  left  charged  with  electricity 
opposite  in  kind  to  that  of  the  inducing  ball,  and  exactly  equal  in  amount  to  that 
which  has  flowed  away  to  the  earth.  The  extent  to  which  induction  takes  place  de- 
pends upon  the  amount  of  electricity  on  the  inducing  body  upon  the  distance  between 
the  two  bodies,  and  upon  the  nature  of  the  insulating  medium  across  which  the  induc- 
tion takes  place.  In  the  experiment  which  we  have  described  air  was  the  medium  inter- 
posed between  the  ball  and  the  cylinder,  or  the  dielectric,  as  it  is  called,  but  had  a 
plate  of  glass  been  interposed  induction  would  still  have  taken  place,  and  the  amount 
of  electricity  induced  would  have  been  greater,  (See  Induction,  and  Capacity, 
Specific  Inductive.) 

To  explain  the  phenomena  of  electricity,  two  theories  have  been  put  forward ;  one, 
that  of  Du  Fay  and  Symmers,  known  as  the  double  fluid  hypothesis,  and  the  other, 
that  of  Franklin,  commonly  called  the  single  fluid  hypothesis. 

The  former  supposes  the  existence  of  two  fluids,  the  vitreous  and  the  resinous, 
which  have  this  property  that  each  repels  itself  and  attracts  the  other.  In  a  neutral 
body,  these  two  fluids  are  supposed  to  be  present  in  equal  quantities,  and  to  be  com- 
bined together.  Friction  has  the  effect  or  separating  them  and  giving  one  fluid  to 
the  rubbing  body,  and  the  other  to  that  rubbed.  When  a  body,  possessing  elec- 
tricity of  one  sort,  is  brought  near  to  an  insulated  conductor,  the  neutral  fluid  upon 
it  is,  as  it  were,  decomposed.  The  kind  of  electricity  opposite  to  that  in  the  inducing 
body  is  attracted  towards  that  body,  while  the  opposite  kind  is  repelled  as  far  as 
possible  from  it.  The  air,  beinjr  a  non-conductor,  nindcrs  the  electricity  from  pass- 
ing off  the  surface  of  an  electrified  conductor.  The  attraction  of  a  neutral  body  is 
thus  explained.  The  neutral  fluid  is  decomposed,  as  it  is  frequently  said,  by  induc- 
tion ;  the  opposite  kind  of  electricity  being  drawn  to  the  side  nearest  to  the  electrified 
body,  and  an  equal  amount  of  the  like  kind  being  driven  off  to  the  opposite  side. 
But  (see  Electrostatics)  the  attraction  due  to  the  former  is  greater  than  the  repul- 
sion due  to  the  latter,  owing  to  the  greater  proximity  of  the  former  to  the  electrified 
body,  and  hence  attraction  on  the  whole  prevails. 

According  to  Franklin's  single  fluid  hypothesis,  all  bodies  are  furnished  with  an 
electric  fluid  which  possesses  the  properties  of  attracting  matter,  but  of  repelling 
other  portions  of  itself.  A  body  containing  a  certain  quantity  of  this  fluid,  which 
corresponds  to  the  quantity  of  matter  in  it,  is  said  to  be  saturated,  and  is  neutral : 
that  is,  it  possesses  neither  attraction  nor  repulsion  for  other  neutral  bodies.  This 
is  the  ordinary  condition  of  matter.  But  by  friction,  and  by  other  means,  an  exce?3 
of  the  electric  fluid  may  be  communicated  to  a  given  body,  or  the  quantity  which  it 
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has  in  the  neutral  state  may  be  diminished.  In  the  first  case,  it  is  said  to  be 
charged  positively,  and  in  the  second  negatively.  This  is  the  origin  of  the  terms 
positive  and  negative.  In  either  of  these  states  it  is  electrically  excited,  and  ex- 
hibits the  phenomena  of  attraction  and  repulsion. 

The  advantage  of  these  theories  is,  that  they  give  us  definite  language,  and,  to  a 
certain  extent,  serve  to  explain,  or  rather  to  illustrate  electric  phenomena;  and  both 
have  done  good  service  in  fixing  the  ideas,  and  in  assisting  arrangement ;  but  the 
conception  of  such  fluids  is  difficult,  and  though  one  of  these  theories  may  be  more 
'possible  than  the  other,  neither  can  be  said  to  be  in  any  degree  proved.  The 
explanation  of  the  phenomena  of  induction,  given  above,  is  certainly  untrue,  or  at 
least  incomplete.    For  the  theory  of  Faraday,  consult  Induction. 

Electricity,  Animal.  Gal  van  i  ascribed  the  current  observed  by  him,  in  the 
case  of  a  recently  killed  frog,  under  certain  conditions,  to  animal  electricity.  Volta 
denied  altogether  this  explanation.  (See  Galvanism.)  Since  that  time  animal 
electricity  has  been  the  subject  of  much  discussion ;  and  numerous  investigations 
have  been  made  with  regard  to  it. 

Nobili  showed,  by  means  of  the  galvanometer,  the  existence  of  a  current  in  the 
frog  from  the  feet  to  the  head.  Taking  two  vessels  containing  salt  and  water,  he 
caused  the  crural  muscles  of  the  frog  to  dip  into  one,  and  the  lumbar  nerves  to  dip 
into  the  other ;  then  on  putting  into  each  of  the  vessels  a  wire  coming  from  a  very 
sensitive  galvanometer,  ne  obtained  a  current  in  the  direction  mentioned.  Nobili 
calls  this  the  courant  propre  of  the  frog. 

Mattcucci  experimenting  on  the  same  subject  formed  a  pile  of  the  thighs  of  frogs 
by  putting  the  interior  of  the  muscle  of  each  thigh  in  contact  with  the  exterior  of 
the  muscle  of  the  succeeding  one.  He  showed  a  current  proceeding  from  the  interior 
to  the  exterior  of  the  muscle. 

Dubois  Remond  has  shown  the  existence  of  muscular  currents  in  the  human  body. 

Electricity,  Application  of.  The  applications  of  electricity  have  become  ex- 
tremely numerous,  and  are  daily  becoming  more  and  more  so.  Throughout  this 
volume  will  be  found,  as  far  as  our  limits  will  allow,  indications  of  the  various  uses 
to  which  it  has  been  put,  both  in  the  way  of  aids  to  the  arts,  and  as  an  auxiliary  to 
onr  daily  life.  Here  we  may  mention  its  application  to  electro-metallurgy  in  various 
forms,  and  to  illumination,  also  in  the  electric  clock,  and  electro-magnetic  machine, 
and  for  purposes  of  self-registration,  in  observatories  and  elsewhere.  Telegraphy  is 
one  of  its  most  important  uses,  and  lately  its  physiological  effects  have  been  taken 
advantage  of  in  a  systematic  and  scientific  way  by  the  physician.  To  the  chemist 
also  its  agency  is  invaluable. 

Electricity,  Atmospheric.     See  Atmospheric  Electricity. 

Electricity.  Correlation  of.  It  is  explained  (see  Transmutation  of  Energy) 
that  physical  force  can  no  more  be  destroyed  than  matter ;  but,  on  the  other  hand, 
that  all  the  forces  are  convertible  one  into  the  other.  And  not  only  is  this  true,  but 
the  disappearance  of  a  certain  amount  of  one  kind  of  energy  always  gives  rise  to  the 
appearance  of  a  perfectly  definite  amount  of  energy  in  another  form.  Dr.  Joule 
and  Sir  William  Thomson  investigated  the  question  in  the  case  of  electricity. 

It  is  well  known  (see  Current,  Heating  Effects  of)  that  when  an  electric  current 
passes  through  a  fine  wire  an  amount  of  heat  is  generated  which  depends  upon  the 
strength  of  the  current ;  and  also  that  when  a  wire  is  wrapped  round  a  cylinder  of 
soft  iron  a  definite  amount  of  magnetic  force  is  developed  which  depends  upon  the 
strength  of  the  current.  (See  Electro-magnet.)  Joule  and  Thomson  showed  that 
the  quantity  of  electricity  which,  when  converted  into  heat,  would  raise  the  tem- 
perature of  one  pound  of  water  through  1°  F.,  would,  if  converted  into  mechanical 
effect,  raise  one  pound  of  matter  through  772  feet. 

Again,  water  is  decomposed  by  the  electric  current  into  oxygen  and  hydrogen 
(sec  Electrolysis),  and  these  gases,  on  being  mixed  and  exploded,  produce  heat. 
(See  J  feat  of  Combination.)  The  same  quantity  of  electricity  which  would,  if 
turned  into  heat,  raise  one  pound  of  water  through  1°  of  temperature,  would,  if  ap- 
plied to  work  against  the  chemical  fortes  which  hold  together  oxygen  and  hydrogen, 
separate  a  quantity  of  these  elements  such  that,  if  exploded,  it  would  produce  pre- 
cisely the  same  amount  of  heat. 

Thomson  also  determined  the  mechanical  value  of  certain  distributions  of  elec- 
tricity and  magnetism,  but  for  these  mathematical  investigations  we  must  refer  the 
reader  to  his  papers  published  in  the  Transactions  of  the  Hoyal  Society ;  also,  for 
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farther  particulars,  to  the  papers  of  Joule,  Transactions  of  the  R.  S.  from  1840,  and 
to  Grove's  Correlation  of  the  Physical  Forces. 

Electricity,  Physiological  Effects  of.    The  passage  of  the  electric  discharge 

through  the  animal  body  produces  peculiar  physiological  effects.  On  touching  a 
charged  Leyden  jar,  and  permitting  its  electricity  to  pass  through  the  body,  a  sen- 
sation is  experienced  which  it  is  not  easy  to  describe.  Apparently,  the  muscles 
swell  up  violently  and  suddenly,  and  the  sensation  felt  might,  perhaps,  be  described 
as  that  of  a  blow  throughout  all  the  parts  of  the  body,  but  lasting  only  for  a  moment. 
When  the  discharge  is  only  weak,  the  hands  and  wrists  experience  the  shock  ;  but 
with  more  powerful  discharges  it  extends  as  far  as  the  shoulders,  and  even  through- 
out the  chest.  Such  discharges  are,  however,  dangerous.  The  discharge  may  be 
passed  through  a  large  number  of  persons  at  the  same  time.  By  forming  a  circuit, 
id  which  each  person  is  in  contact  with  his  neighbor  on  each  side,  a  shock  is  felt  by 
all  when  the  first  and  last  touch  one  the  inside  and  the  other  the  outside  coating  of 
thejar. 

The  shock  may  easily  be  so  powerful  as  to  destroy  life.  No  great  quantity  of 
electricity  is  required  to  kill  animals,  such  as  mice,  rats,  or  small  dogs. 

The  physiological  effects  of  current  electricity  are  also  peculiar.  With  a  battery 
of  30  or  40  cells  a  powerful  shock  is  felt  when  the  circuit  is  opened  or  closed  by  the 
hands. 

When  the  terminals  of  the  battery  are  applied  one  above  and  the  other  below  the 
tongue  a  peculiar  sensation  or  taste  is  felt,  which  has  been  called  the  electric  taste. 
With  a  strong  battery  it  is  more  of  the  nature  of  a  stinging  sensation  than  of  a  taste ; 
but  the  impression  produced  by  a  single  cell  is  decidedly  that  of  a  taste.  The  elec- 
tric taste  is  an  excessively  delicate  test  of  an  "electric  current  Signals  may  be  tasted 
which  even  a  delicate  galvanometer  will  fail  to  detect. 

If  two  metallic  slips  be  placed  between  the  gums  and  the  cheeks,  one  on  each  side, 
and  one  of  them  kept  connected  with  one  pole  of  a  battery  while  the  other  is  joined 
to  the  other  pole  at  intervals,  at  each  junction  a  flash  of  light  is  seen  before  the 
eyes. 

"  If  the  electrodes  of  a  strong  battery,  30  or  40  cells,  be  inserted  into  the  ears,  a 
noise  is  heard  continuously. 

Electricity,  Theories  of.  Leaving  out  of  account  the  more  ancient  conjectures 
on  the  subject,  two  principal  hypotheses  have  been  put  forward,  in  order  to  explain 
known  electrical  phenomena ;  and  though  perhaps  neither  represents  the  true  state 
of  the  case,  they  are,  nevertheless,  of  high  practical  value  in  enabling  us  to  fix  our 
ideas,  and  in  supplying  us  with  definite  thoughts  and  language.  They  are  generally 
known  as  "  the  double  "fluid  hypothesis  of  Dufay  and  Symniers,"  and  "  the  single 
fluid  hypothesis  of  Franklin." 

The  first  supposes  all  matter  to  be  pervaded  by  two  imponderable  fluids,  one  of 
which  is  called  the  vitreous  fluid  (vitrum,  glass),  and  the  other  the  resinous  fluid; 
and  to  each  of  these  are  ascribed  the  properties  of  attracting  the  other,  and  of  repel- 
ling other  portions  of  itself.  When  in  every  portion  of  a  body  the  two  are  associated 
in  equal  quantities,  the  body  is  neutral,  that  is  to  say,  is  not  electrically  excited; 
but  when  either  preponderates  the  body  is  excited,  and  is  said  to  be  electrified 
vitreously  (like  glass  rubbed  with  silk),  or  resinously  (like  wax  rubbed  with  fur), 
according  as  it  possesses  a  superabundance  of  the  vitreous  or  of  the  resinous  fluid. 
(.See  article  on  Electricity.)  It  follows  from  what  we  have  said  that  if  a  body 
charged  vitreously  be  brought  into  the  neighborhood  of  a  body  charged  resinously, 
attraction  takes  place ;  whereas,  if  a  vitreously  or  resinously  excited  body  be  brought 
near  a  second  similarly  electrified,  repulsion  is  manifested  between  them.  The  at- 
traction of  a  neutral  body  by  an  electrified  body  was  explained  by  supposing  the 
intimately  mixed  fluids  on  the  former  to  be  separated  under  the  influence  of  the 
latter;  the  unlike  fluid  to  be  attracted  to  the  near  side,  and  the  similar  fluid  to  be 
repelled  to  the  opposite  side  of  the  mass.  The  unlike  fluid  being  thus  nearer  than 
the  like  fluid  the  attraction  exerted  by  the  former  on  the  charged  body  on  the  whole 
prevails  over  the  repulsion  exerted  by  the  latter  according  to  the  well-known  quan- 
titative laws  depending  upon  distance.     (See  Electrostatics.) 

The  other  hvpothesis,  namely,  the  single  fluid  hypothesis,  supposed  only  one  fluid, 
to  which  Franklin  attributed  the  properties  of  attracting  matter,  and  of  repelling 
other  portions  of  itself.  He  was  also  obliged  to  consider  that  two  portions  of  matter 
unsaturated  with  this  fluid  exercised  repulsion  on  each  other.    lie  called  a  body 
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neutral  when  the  matter  that  it  contained  possessed  exactly  enough  of  the  fluid  to 
saturate  it,  and  in  this  case  it  possesses  neither  attraction  nor  repulsion  on  other 
neutral  matter.  A  body  which  possessed  an  excess  of  the  fluid,  he  said,  was  posi- 
tively electrified j  and  a  body  which  possessed  a  quantity  of  the  fluid  lees  than  it 
would  have  in  the  neutral  condition,  he  spoke  of  as  being  negatively  electrified. 

Electricity,  Velocity  Of.  The  problem  of  determining  the  velocity  of  electricity 
has  been  undertaken  by  several  naturalists  with  great  care,  and  with  results  which 
we  shall  briefly  detail  in  this  article.  It  was  first  attempted  by  Wheatstone  in  1634 
with  an  instrument  invented  by  him  for  the  purpose,  ana  known  under  the  name  of 
the  Chronoscopy  This  consists  of  a  mirror  rotating  with  enormous  velocity,  which 
velocity  he  measured  by  means  of  the  musical  note  produced  in  another  part  of  the 
apparatus  by  the  same  motion.  In  front  of  the  mirror  a  spark-board  was  placed, 
which  was  a  circular  block  of  wood  in  which  were  set  in  a  row  six  wires  carrying 
small  knobs,  and  round  these  and  over  the  face  of  the  wood  was  a  thick  coating  o? 
some  resinous  insulating  compound.  The  outer  coating  of  a  Leyden  jar  was  con* 
nected  with  the  first  of  the  knobs ;  between  the  second  and  third  a  quarter  of  a  mile 
of  copper  wire  was  inserted,  and  also  a  quarter  of  a  mile  between  the  fourth  and 
fifth.  When  an  experiment  was  to  be  made  the  sixth  knob  was  connected  with  the 
inside  coating  of  the  jar.  The  discharge  then  took  place  in  the  following  way :  a 
spark  passed  from  No.  6  to  No.  5  ;  the  electricity  had  then  to  traverse  a  quarter  of 
a  mile  of  copper  wire  to  reach  No.  4;  a  spark  occurred  between  No.  4  and  No.  3; 
then  came  the  second  coil  of  wire ;  and,  lastly,  the  spark  passed  from  No.  2  to  No.  L 
Now,  if  the  three  sparks  all  occurred  at  the  same  instant,  the  reflection  of  them  in 
the  mirror  would  all  be  seen  side  by  side  in  a  row ;  but  if  one  of  them  occurred  later 
than  another,  the  mirror  would  have  turned  onward  through  a  small  angle,  and  the 
image  of  the  sparks  would  exhibit  this  retardation.  The  latter  was  found  to  be  the 
case,  and  from  measurements  made  in  this  way  Wheatstone  estimated  the  velocity 
of  electricity  at  288,000  miles  per  second,  a  rate  at  which  it  would  travel  twelve 
times  round 'the  earth  in  one  second. 

Subsequent  investigation  showed,  however,  that  it  is  impossible  to  express  the 
velocity  of  electricity  absolutely,  and  that  it  depends  very  much  upon  the  circum- 
stances under  which  the  signal  is  transmitted.  The  following  table  of  results  shows 
this: — 

Wheatstone,  1834  .... 

Fizeau  and  Gonellc  .... 

U  11 

.... 

Mitchell  (Cincinnati)        .... 

Walker  (America)  .... 

Gould,       ...... 

Astronomers  of  Greenwich  and  Edinburgh 
Astronomers  of  Greenwich  and  Brussels  . 
Atlantic  Cable,  1857;  2500  miles  with  heavy 

needle  galvanometer  and  induction  coils 
Atlantic  Cable,  1858;   3000  miles;   Thomson's 

mirror  galvanometer,  and  Daniell's  battery  . 

The  explanation  of  the  meaning  of  these  discrepant  results  was  begun  by  Fara- 
day, and  was  completed  by  Sir  William  Thomson,  who  gave  (in  papers  communi- 
cated to  the  Royal  Society,  1854  to  1856,  and  published  afterwards  in  the  Philo- 
sophical Magazine),  a  complete  investigation  of  the  laws  of  electric  retardation. 
Faraday  showed  that  if  an  electric  cable,  consisting  of  a  wire  or  wires  covered  with 
gutta-percha,  be  submerged,  it  acts  precisely  as  an  enormous  Leyden  jar  would 
under  the  circumstances.  The  wire  forms  the  interior  coating,  the  gutta-percha  the 
insulating  medium,  while  the  water,  in  which  it  is  immersed,  takes  the  place  of  the 
exterior  coating.  He  proved  that,  under  these  circumstances,  a  certain  time  is 
necessary  to  charge  the  cable ;  and  that,  after  communication  has  been  cut  off  from 
the  battery,  a  certain  time  is  also  required,  on  putting  it  into  communication  with 
the  ground,  to  discharge  it ;  but  if,  instead  of  submerged  wires,  he  made  use  of  wires 
freely  suspended  in  the  air,  these  phenomena  were  scarcely  at  all  exhibited,  what 
retardation  there  was  being  possibly,  to  some  extent,  dependent  on  electrostatic  in- 
duction towards  neighboring  objects.    Wheatstone  also  made  some  experiments, 
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which  proved  that  a  cable,  consisting  of  a  copper  wire  covered  with  gutta-percha, 
and  having  a  sheathing  of  wire  outside,  even  though  not  immersed,  gave  precisely 
the  same  results  arising  from  induction,  as  Faraday  had  observed :  the  wire  covering 
acta  in  this  case  as  the  outer  coating.  Sir  William  Thomson  thus  states  his  theory 
(see  the  papers  just  referred  to,  and  an  article  by  him  on  the  subject  in  Xichol's 
Cyclopaedia,  Second  Edition).  The  transmission  of  an  electric  signal  depends  on 
three  properties  of  electricity.  (1)  Charge  and  electrical  accumulation  in  a  con- 
ductor subjected  in  any  way  to  tne  process  of  electrification.  (2)  Electro-magnetic 
induction,  or  electro-motive  force,  excited  in  a  conductor  by  variations  of  electric 
currents,  either  in  adjacent  conductors  or  in  different  parts  of  its  own  length. 
(3)  Resistance  to  conduction  through  a  solid.  lie  draws  the  analogy  between  the 
transmission  of  a  signal,  and  the  sending  of  water  through  a  Canal  or  tube,  which 
depends  on — (1)  Accumulation  of  a  greater  or  less  amount  of  water  in  any  part  of 
the  canal  or  tube ;  (2)  Inertia  of  the  water ;  and  (3)  Viscosity  or  fluid  friction ; 
and  he  shows  that,  supposing  the  tube  to  be  filled  with  porous  or  spongy  matter,  in 
order  to  make  the  law  of  resistance  to  the  motion  of  the  fluid  the  same  as  the  law 
of  electric  resistance,  the  two  problems  present  the  same  elements  for  mathematical 
calculation ;  and  the  same  equations  express  the  law  of  motion  in  both  coses.  He 
proves,  also,  that  the  retardation  due  to  electro-magnetic  induction  is  insensible,  and 
that  on  the  first  and  third  properties  depends  the  whole  of  it.  According  to  this 
theory,  the  difference  between  the  rate  of  transmission  of  signals,  in  a  short  line 
insulated  in  the  air,  and  in  a  long  submarine  cable,  depends  upon  the  way  in  which 
the  electrical  impulses  traverse  the  wire.  In  the  former  case  the  electrostatic  capa- 
city is  extremely  small,  and  the  wire  is  at  once  filled  and  at  once  discharged ;  in  the 
latter  the  discharge  takes  a  considerable  time  for  its  completion.  There  is  a  "  long 
gradual  swell,  and  still  more  gradual  subsidence  of  the  electric  current"  at  any  dis- 
tant part  of  the  conductor :  and  the  length  of  time  that  elapses  between  the  moment 
of  the  initial  impulse  and  the  attainment  of  maximum  strength,  or  of  any  propor- 
tion of  the  maximum  strength,  is  proportional  to  the  square  of  the  length  of  the 
line.  "The  beginning  of  the  current  is  instantaneous  all  along  the  line,  and  is 
practically  observable  after  a  smaller  and  smaller  interval  the  more  sensitive  the 
instrument  employed  to  detect  it."  This  last  observation  is  seen  to  be  verified  on 
referring  to  the  velocities,  calculated  from  observations,  with  the  heavy  needle  gal- 
vanometer, and  with  Thomson's  mirror  galvanometer. 
Electric  Images.  See  Images.  Electric. 
Electric  Lamp.     See  Lamp,  Electric.  * 

Electric  Light.  The  luminous  effect  of  the  electric  current  forms  one  of  the 
most  striking  phenomena  connected  with  it.  When  the  terminals  of  a  very  power- 
ful battery  are  joined,  and  then  very  slightly  separated,  the  electric  current  can  be 
made  to  pass  through  the  air,  giving  rise  to  the  most  intense  light  and  heat.  In 
order  to  exhibit  it  the  wires  coming  from  the  battery  are  connected  with  a  mechanical 
arrangement,  by  means  of  which  two  carbon  points  can  be  made  to  touch,  and  then 
separated  to  any  required  distance  from  each  other.  If  the  wires  themselves  were 
made  use  of,  the  intense  heat  at  the  point  where  the  separation  takes  place  would  at 
once  melt  and  dostroy  them.  The  carbon  points  are  best  made  from  the  hard  gas 
carbon,  a  substance  which  is  found  deposited  in  the  heads  of  the  gas  retorts.  It  is 
cut  into  pencils,  or  else  powdered  and  then  compressed  in  a  mould  into  the  required 
shape.  We  thus  obtain  terminals  of  very  high  conducting  power,  and  which  re- 
main infusible  even  under  that  intense  heat.  The  points  or  these  beinsr  brought 
together,  the  current  is  set  up ;  they  are  then  withdrawn  as  far  as  possible,  in  the 
case  of  a  battery  of  50  cells  the  distance  may  be  a  tenth  of  an  inch  or  more,  and 
immediately  the  most  dazzling  pure  white  light  appears,  so  brilliant  indeed  that  it 
is  almost  impossible  to  look  at  it  safely  with  the  naked  eye.  On  examining  the  char- 
coal points  with  the  aid  of  colored  glasses,  or  by  projecting  an  image  of  them  on  a 
screen  by  means  of  a  lens,  it  is  found  that  the  greater  part  of  the  light  proceeds  from 
the  tips  of  the  carbon,  which  are  heated  to  intense  whiteness.  Part  of  it  also  comes 
from  a  flame  which  is  seen  between  and  around  them,  and  which  consists  of  small 
particles  of  carbon  in  motion  from  one  to  the  other,  and  in  a  state  of  incandescence. 
The  positive  pole  is  the  most  intensely  heated ;  for  on  stopping  the  current  it  will 
he  found  to  remain  red-hot  for  some  time  after  the  other  has  ceased  to  be  so.  The 
lisrht  is  not  produced  by  the  combustion  of  the  carbon,  or  at  least  only  to  a  small 
extent,  bat  from  the  bringing  of  the  solid  particles  into  a  state  of  intense  white 
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heat  This  is  shown  by  the  fact  that  the  light  burns  nnder  water  or  oil,  or  any  non- 
conducting fluid,  though  with  diminished  brightness,  and  that  in  vacuo  it  is  obtained 
with  its  brilliancy  very  much  increased. 

During  the  passage  of  the  electric  current  the  particles  of  the  carbon  are  carried 
from  the  positive  poles.  They  are  partly  burned  on  the  way,  and  partly  reach  the 
negative  pole.  Both  the  poles  waste  away,  but  the  positive  pole  at  double  the  rate 
of  the  negative  pole.  The  positive  pole  also  has  a  hollowed  out  appearance,  owing 
to  the  carrying  off  of  its  particles,  while  the  negative  pole,  which  is  receiving  parti- 
cles from  it,  has  a  pointed  form.  It  is  the  passage  through  the  air  of  these 
particles  which  gives  rise  to  the  appearance  of  the  arch  of  flame  between  the  two 
poles. 

The  arch  of  flame  is  called  the  Voltaic  arc.  It  is  the  most  intense  artificial  heat 
that  we  possess.  In  it  platinum  wire  and  even  such  a  refractory  body  as  clay,  the 
*  stem  of  a  tobacco  pipe,  for  example,  may  be  melted  as  sealing-wax  in  the  flame  of  a 
candle.  The  fusion  of  metals  like  platinum,  iridium,  etc.,  is  performed  by  placing 
them  in  a  small  cup  or  crucible  formed  of  gas  carbon,  which  is  substituted  for  the 
point  attached  to  the  positive  pole.  The  other  point  is  then  brought  down  upon  the 
metal,  and  with  the  assistance  of  twenty  or  thirty  cells  of  a  battery  the  fusion 
readily  takes  place. 

The  wasting  away  of  the  poles  soon  causes  the  distance  between  the  points  to  be- 
come so  great  that  the  current  will  no  longer  pass.  The  points  must  then  be  pushed 
forward  to  touch  again,  and  again  withdrawn.  Automatic  arrangements  are  made 
for  adjusting  the  points  as  required,  so  that  the  distance  between  them  may  be  in- 
variable.   These  are  described  under  Lamp,  Electric. 

Electric  Light,  Photometric  value  of.  Professor  W.  B.  Rogers  (Silliman's 
Journal,  vol.  xxxvi.,  p.  307}  has  given  the  results  of  some  experiments  which  he 
tried  on  this  subject.  The  battery  was  very  powerful,  consistinrof  250  carbon  ele- 
ments, each  having  an  active  zinc  surface  of  85  square  inches.  They  were  grouped 
in  five  battalions  of  50  each,  and  the  light  was  produced  in  an  apartment  where  a 
range  of  about  50  feet  could  be  obtained  for  the  photometric  apparatus.  Instead 
of  an  ordinary  standard  light,  equivalent  to  20  candles,  a  unit  was  substituted  ten 
times  as  great,  equal  therefore  to  200  candles.  By  a  series  of  experiments,  with 
the  naked  electric  light  unaided  by  a  reflector,  it  was  found  that  its  intensity  was 
from  52  to  61  times  as  great  as  the  standard  light,  making  it  equal  in  illuminating 
power  to  from  101)00  to  12,000  standard  sperm  candles.  When  the  rays  were  con- 
centrated by  a  parabolic  reflector,  the  illuminating  force  had  a  value  equal  to  several 
millions  of  candles,  all  pouring  forth  their  light  at  the  same  time.  The  only  previous 
measurement  of  the  illuminating  power  of  the  electric  light  which  we  can  remember 
is  one  given  by  Bunsen.  This  was  taken  with  a  less  powerful  battery  (48  cells),  and 
the  photometric  equivalent  was  estimated  at  572  candles,  giving  a  proportion  of  12 
candles  to  the  cell,  whilst  Professor  Rogers'  estimate  gives  the  ratio  of  40  candles  to 
the  cell.     (See  Photometry.) 

Electric  Light,  Spectrum  of  the.  The  spectrum  of  the  electric  light  is  of  a 
highly  complex  character.  The  intense  heat  of  the  arc  dissipates  into  vapor  almost 
every  substance  contained  in  the  terminals,  and  as  the  carbon  pointstare  always  con- 
tained with  small  portions  of  iron,  together  with  earthy  and  alkaline  compounds, 
the  spectra  of  these  bodies  are  generally  visible.  Besides  these  the  lines  due  to 
oxygen,  nitrogen,  and  sometimes  aqueous  vapor  and  carbonic  acid,  are  visible.  The 
electric  light  is  extremely  rich  in  the  actinic  or  ultra-violet  rays.  (See  Actinism; 
Spectrum.) 

Electric  Machines.  The  principal  forms  of  electric  machine  now  in  use  are  the 
Cylinder  Machine  and  the  Plate  Machine. 

The  Cylinder  Electric  Machine  is  constructed  in  the  following  way :  (Fig.  55.) 
A  glass  cylinder  is  supported  by  means  of  a  horizontal  axis  on  two  wooden  uprights, 
and  is  turned  by  a  handle  attached  to  one  extremity  of  the  axis.  Parallel  to  the 
glass  cylinder  are  two  of  brass,  one  on  each  side  of  it,  equally  long  with  it,  but  of 
smaller  diameter ;  and  these  are  supported  on  glass  pillars  fixed  into  a  wooden  table 
or  board,  which  also  carries  the  wooden  uprights.  To  one  of  the  brass  cylinders  is 
attached  a  cushion  as  long  as  the  cylinder  itself;  it  is  made  of  horse  hair,  and  cov- 
ered with  leather ;  and,  by  means  of  a  spring  or  a  screw,  it  is  kept  pressing  against 
the  glass  cylinder.  A  long  flap  of  silk  is  attached  to  the  lower  cage  of  the  cushion  ; 
and,  when  the  machine  is  at  work,  it  passes  between  the  cushion  and  the  glass  cylin- 


ELECTRIC.  255 

der,  and  lies  over  the  latter,  covering  the  whole  upper  half  of  it.  The  portion  of  the 
silk  which  covers  the  cushion  is  spread  with  electric  amalgam.  (See  Amalgam, 
Electric)    The  other  brass  cylinder,  which  is  called  the  prime  conductor  of  the 

Fig  55. 


machine,  is  furnished  with  a  horizontal  row  of  pointed  wires,  like  a  comb,  with  inter- 
vals of  half  an  inch  between  its  teeth,  which  project  towards  the  glass  cylinder,  ap- 
proaching as  nearly  as  possible  without  touching  it. 

When  the  glass  cylinder  is  turned  it  becomes  positively,  and  the  cushion  negatively, 
electrified  by  friction.  The  positively  electrified  glass  is  carried  round  till  it  comes 
opposite  to  the  points  belonging  to  the  prime  conductor.  The  prime  conductor  bo- 
comes  excited  by  induction,  and  in  fact  is  electrified  negatively  on  the  side  nearest 
to  the  glass,  ana  positively  on  the  side  opposite  to  the  glass.  But  the  points  have 
no  power  to  hold  a  charge.  (See  Power  of  Points;  Electric  Distribution,  under 
Electricity),  and  they  discharge  towards  the  glass  cylinder,  permitting  negative 
electricity  to  flow  from  themselves  towards  it,  and  thus  they  neutralize  the  positive 
electricity  on  it ;  and,  as  will  readily  be  seen,  leave  the  prime  conductor  charged 
with  positive  electricity.  A  spark  of  positive  electricity  can  now  be  obtained  from 
the  prime  conductor.  But,  during  this  time,  the  cushion  has,  as  we  have  mentioned, 
been  charging  with  negative  electricity,  and  when  it  has  attained  a  certain  degree 
of  electrification,  it  is  necessary  to  discharge  it  before  any  more  positive  electricity 
can  be  obtained  from  the  prime  conductor.  This  could  be  done  by  touching  it,  and 
sparks  of  positive  and  negative  electricity  could  thus  be  alternately  produced ;  but, 
instead  of  doing  this,  it  is  usual  to  connect  the  cushion  permanently  by  means  of  a 
chain  or  wire  to  the  earth,  and  then,  on  turning  the  machine,  a  continuous  discharge 
of  positive  electricity  can  be  got  from  the  prime  conductor. 

The  Plate  Electric  Machine  is  the  same  in  principle  as  the  cylinder  machine,  but 
instead  of  a  glass  cylinder,  a  circular  glass  disk  or  plate,  \  inch  or  more  in  thickness, 
and  from  3  to  5  feet  in  diameter,  is  used.  (Fig.  56.)  There  are  several  modifica- 
tions of  the  plate  machine.  That  of  Ramsden  is,  perhaps,  the  most  common,  and  in 
almost  every  respect  corresponds  to  the  cylinder  machine.  That  designed  by  Winter 
of  Vienna  is  the  most  novel,  and  by  far  the  most  powerful.  We  shall  next  describe  it. 

In  the  middle  of  the  glass  plate  is  inserted  a  wooden  piece  which  forms  a  socket 
for  a  strong  glass  rod,  the  axle  on  which  the  plate  turns.  At  opposite  extremities 
of  a  diameter  of  the  plate  are  a  brass  cylinder  which  carries  the  rubbers,  and  a  large 
brass  ball.  This  ball,  the  prime  conductor  of  the  machine,  has  four  holes  opening 
into  its  centre,  the  edges  of  which  are  trumpet-shnped  to  prevent  the  dissipation  of 
electricity.  The  glass  pillar  which  supports  it  fits  into  one  of  them,  and  into  another 
which  is  on  the  side  near  to  the  edge  of  the  plate  fits  a  brass  stem.    This  last  carries 


two  mahogany  rings.  01 .  , ,         .  . 

to  the  plane  of  the  plate ;  and  the  electricity  is  collected  by  means  of  a,  row  of  points 
fitted  into  grooves  on  the  sides  of  the  rings  next  the  plate.  The  grooves  are  coTered 
inside  with  tinfoil,  which  makes  perfect  comm  union  Hon  with  the  brass  ball,  and  the 


so  horizontal,  and  into  it  may  be  inserted  a  stem  with  a  brass  Di 

rrks.  The  lop  opening  is  to  carry  a  large  ring  which  can  be  removed  at  pleasure, 
form  the  ring  a  stout  iron  wire  is  bent  into  the  shape  of  a  ring  with  a  stalk  at- 
tached. This  is  carefully  covered  with  polished  mahogany,  and  by  means  or  a  brass 
wire  coming  through  it,  connection  is  made  between  the  iron  ring  and  the  brass  ball 
in  which  it  stands.  The  ring  is  one  of  the  peculiarities  of  Winter's  machine.  Its 
object  is  to  give  a  large  surface  for  collecting  electricity  which  shall  have  as  little 
tendency  as  possible  to  throw  off  electricity.  (See  Diesipalt'on.)  The  effects  ob- 
tainable from  a  Winter's  machine  arc  wonderful.     (See  also  Discharge.)   • 

Armstrong's  JTtfdro-Electric  Machine  is  a  machine  for  obtaining:  electricity  by 
the  friction  of  moist  steam.  The  attention  of  Sir  W.  Armstrong  (then  Mr.  Arm- 
strong) was  called  to  this  mode  of  obtaining  electricity  by  a  workman  who  accident- 
ally received  a  shock  whilst  tCKting  a  steam-boiler.  Mr.  Armstrong  designed  the 
electric  machine,  and  the  conditions  for  producing  electricity  by  friction  of  steam 
were  afterwards  completely  investigated  by  Mr.  Faraday.  The  machine  consists  of 
a  boiler  similar  to  that  of  a  locomotive  insulated  on  four  glass  legs.  To  the  escape 
pipe  is  ntlached  a  row  of  nozzles,  constructed  so  as  to  five  as  much  friction  aa  pos- 
sible to  the  steam  which  rushes  out  through  them.  Round  the  nozzles,  between 
their  extremities,  and  the  part  at  which  they  join  the  escape  pipe,  is  a  box  of  cold 
water,  in  order  that  the  steam,  after  passing  through  it,  may  issue  from  the  nozzles 
charged  with  vesicles  of  water.  (This  was  found  by  Faraday  to  be  a  necessary  con- 
dition for  the  production  of  electricity.)  The  steam  blows  against  a  row  of  points 
attached  to  a  large  metal  ball  (which  is  the  prime  conductor  of  the  machine),  insu- 
lated on  a  separate  pillar  from  the  boiler.  When  the  Btcam  blows  off  it  becomes 
charged  with  positive  electricity,  the  boiler  with  negative  electricity.  The  electricity 
of  the  steam  is  given  up  to  the  points  and  prime  conductor. 
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There  are  many  other  forms  of  electric  machine,  besides  those  described  above,  for 
information  with  regard  to  which  we  must  refer  oar  readers  to  detailed  works  on 
electricity.  Lately  machines  depending  for  their  action  upon  statical  induction, 
have  been  brought  into  use,  and  among  these  may  be  mentioned  those  of  M.  Holtz, 
Mr.  Varley,  and  Sir  William  Thomson.  A  description  of  the  first  will  be  found  in 
Jamin,  Cours  de  Physique,  vol.  iii.,  and  of  the  last  in  the  Philosophical  Magazine, 
1868.  Mr.  Varley's  machine  is  used  in  connection  with  his  improvements  in  tele- 
graphy, and  will  be  found  described  with  the  specifications  of  his  patent. 

Electric  Machine,  Induction.    See  Induction  Coil. 

Electric  Resistance.    See  Resistance,  Electric,  and  Conduction,  Electric. 

Electrics.  (^Xtxrpar,  amber.)  The  earliest  experimenters  in  electricity  found 
that,  while  they  could  excite  electrically  a  certain  class  of  bodies,  such  as  amber, 
sealing-wax,  and  glass,  by  friction,  there  were  others  which  were  incapable  of  elec- 
tric excitement ;  and  the  efforts  of  the  first  students  of  electric  science  were  directed 
to  the  division  of  all  bodies  into  two  classes,  those  which  could,  and  those  which  could 
not,  be  excited  by  friction.  The  former  they  called  electrics,  from  the  Greek  name 
for  amber,  the  chief  of  the  excitable  bodies,  and  the  latter  class  they  called  non- 
electrics  ;  names  which,  it  is  said,  were  applied  by  Gilbert  of  Colchester  in  A.D. 
1600.  It  was  shown,  however,  by  M.  Du  Fay,  that  electrics  and  non-electrics  are 
identical  with  non-conductors  and  conductors  respectively ;  that  the  reason  why  a 
brass  rod  is  apparently  nnexcitable  and  a  non-electric,  is  that  the  brass  has  the 
power  of  permitting  the  electricity  as  fast  as  it  is  produced  to  pass  away  along  its 
surface  to  any  other  body,  as,  for  example,  the  hand  of  the  experimenter ,  and  that 
if  proper  precautions  be  taken,  such  as  holding  the  brass  rod  by  means  of  a  glass 
handle,  or  supporting  it  by  a  silk  string,  it  may  be  excited  by  friction  just  as  easily 
as  a  rod  of  glass.  From  that  time  the  distinction  between  electrics  and  non-electrics 
held  no  longer  in  the  original  form.  The  terms  are  still,  however,  made  use  of  fre- 
quently.   (See  also  Electricity.) 

Electric  Spark.    See  Spark,  Electric,  and  Discharge,  Electric. 

Electric  Spark,  Photometric  Valne  of.    The  visibility  of  the  electric  spark  is 

enormously  greater  than  that  of  a  permanent  light  produced  by  a  battery  of  the 
same  power.  M.  Felix  Lucas  concludes,  from  theoretical  considerations,  that  the 
distance  at  which  the  electric  spark  is  visible  is  greater  than  that  of  a  permanent 
light,  the  apparent  intensity  of  which  would  be  250,000  times  that  of  the  spark. 
The  light  actually  employed  to  illuminate  modern  lighthouses  gives  a  brilliancy 
eoual  to  125  Carcel  lamps.  An  electric  spark,  possessing  the  illuminating  power 
oi  the  200th  part  only  of  a  Carcel  burner,  is  superior  as  to  its  power  of  projecting 
light.  Hence  we  can  conceive  the  immense  effect  of  a  warning  light,  composed  of 
intermittent  flashes  of  the  electric  6park,  proceeding  from  a  strong  Leyden  battery. 
M.  Lucas  states  that  in  an  experiment  made  in  a  laboratory  two  apparatus  were 
employed,  one  voltaic  battery  being  equal  to  125  Carcel  lamps,  and  another  spark- 
battery  equivalent  to  only  the  1.2000th  part  of  a  Carcel  lamp.  The  photometer 
[such  as  is  employed  in  the  lighthouse  administration)  showed  a  marked  superiority 
in  favor  of  the  spark.    (See  Photometry.) 

Electric  Spark,  Spectrum  Of.  When  the  electric  spark  taken  between  metallic 
terminals  is  examined  in  the  spectroscope,  there  are  seen,  besides  the  lines  due  to 
the  air,  a  series  of  bright  bands  and  lines  which  are  peculiar  to  the  metal  of  which 
the  poles  consist.  Tnese  lines  have  recently  been  thoroughly  examined  by  Mr. 
Hoggins.  (See  his  paper  on  the  Spectra  of  some  of  the  Chemical  Elements.  Phil. 
Trans.  1864,  part  ii..  page  139.)  For  farther  particulars,  with  maps  of  the  spectra 
given  by  the  chemical  elements,  the  reader  is  referred  to  the  above  paoer.  (See 
Spectrum.) 

Electric  Telegraph     See  Telegraph;  Cable,  Submarine;  Atlantic  Telegraph. 

Electro-chemistry  treats  of  the  chemical  changes  which  take  place  under  the 
influence  of  electricity.  It  is  generally  divided  into  several  parts;  and  in  this 
volume  these  are  dealt  with  separately.  Thus,  under  the  term  Electrolysis  is  dis- 
cussed the  decomposition,  or  separation  into  its  constituent  parts,  of  a  compound 
body  by  the  passage  of  the  electric  current;  and  under  Electro-metallurgy,  and  its 
two  branches  Electroplating  and  Electotyping.  the  application  of  electrolysis  to 
the  arts.  The  chemical  actions  which  go  on  within  the  battery  are  considered  under 
that  head ;  but  there  are  one  or  two  points  of  importance  which  may  be  put  forward 
here. 

17 
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One  of  the  most  ordinary  cases  in  which  electricity  brings  abont  a  chemical 
change,  is  that  in  which  oxygen  and  hydrogen,  or  other  gases,  mixed  together,  are 
made  to  combine  by  the  electric  spark.  This  is  generally  effected  in  a  eudiometer, 
which  is  a  strong  glass  tube,  closed  at  one  end,  and  usually  graduated.  A  pair  of 
platinum  wires  are  passed  through  opposite  sides  of  the  glass,  being  fused  into  it, 
and  their  points,  inside  the  tube,  are  brought  to  within  a  tenth  or  a  twentieth  of  an 
inch  of  each  other.  The  mixture  of  the  gases  to  be  examiued  is  introduced  into  this 
tube  over  mercury,  care  being  taken  not  to  fill  it  completely ;  a  column  of  an  inch 
or  more  of  mercury  is  left  within  it.  When  the  spark  is  to  be  passed,  the  open  end 
of  the  tube  is  depressed  considerably  below  the  level  of  the  mercury,  over  which 
the  tube  stands,  and  thus  when  the  explosion,  which  accompanies  the  passage  of  the 
spark,  takes  place,  the  gas  within  the  tube  is  not  driven  out  by  it. 

In  this  way  a  mixture  of  oxygen  and  hydrogen,  in  the  proportion  of  one  volume 
of  the  former  to  two  of  the  latter,  are  made  to  combine  together  and  form  water. 
After  the  explosion  (which  occurs  with  great  violence)  has  taken  place,  the  steam, 
at  first  produced,  condenses,  and  the  mercury  rushes  up  and  completely  fills  the  tube, 
if  the  mixture  be  in  the  proportion  mentioned  above.  If  it  be  not,  the  explosion 
still  takes  place  unless  there  be  a  very  large  excess  of  either  gas ;  the  combination 
is,  however,  in  the  proportion  of  one  volume  of  oxygen  to  two  of  hydrogen,  and 
the  remainder  of  whichever  gas  in  excess  is  left.  But  if  there  be  a  very  large  excess 
of  one  gas — twenty  times  too  much  hydrogen,  or  thirty  times  too  much  oxygen — 
the  explosion  does  not  take  place.  In  this  case,  however,  on  passing  a  series  of 
electric  sparks  between  the  points,  the  formation  of  as  much  water  as  corresponds 
to  the  volume  of  that  gas  whose  quantity  is  the  smallest,  can  by  degrees  be  brought 
about. 

The  sparks  may  be  passed  from  the  electric  machine,  or  from  the  electrophonw, 
or  when  a  continuous  stream  is  required,  the  spark  from  an  induction  coil  may  be 
very  conveniently  used. 

rJ  he  power  of  the  electric  spark  to  bring  about  chemical  combination  appears,  in 
this  and  similar  cases,  to  be  due  to  its  heating  effect.  In  the  case  of  a  mixture  of 
one  volume  of  oxygen  and  two  volumes  of  hydrogen,  the  combination  of  the  mole- 
cules in  close  proximity  to  the  place  at  which  the  spark  passes  is  determined  first, 
and  the  heat  of  combination  or  these  is  sufficient  to  explode  those  near  to  them. 
Thus  the  combustion  spreads  gradually,  though,  of  course,  with  immense  rapidity, 
through  the  whole  volume.  But  if  there  be  added  to  the  mixture  a  very  large  ex- 
cess either  of  oxygen,  or  hydrogen,  or  of  some  gas,  such  as  nitrogen  or  carbonic  acid 
gas,  which  has  no  great  affinity  for  either,  the  cooling  effect  of  this  gas  is  so  great, 
that  the  combustion  only  goes  on  close  to  the  spot  where  the  spark  passes,  and  does 
not  spread  throughout  the  mass.  The  combination,  in  that  case,  is  effected  by  means 
of  a  very  large  number  of  sparks.  The  same  is  the  case  with  gases  which  do  not 
combine  energetically.  Thus,  nitrogen  and  oxygen  produce  very  little  heat  by  their 
combination,  and  a  single  spark  does  not  combine  them ;  but  if  a  series  of  sparks  be 
sent  through  the  mixture,  the  oxides  of  nitrogen  are  formed,  and  by  iucluding  in  the 
tube  water  or  solution  of  caustic  potash,  or  soda,  nitric  acid,  or  nitrate  of  potassium 
or  sodium,  may  be  very  easily  obtained. 

The  combination  of  various  gaseous  mixtures  may  be  effected  in  either  of  these 
wavs.  We  must  content  ourselves  with  mentioning  one  other  important  case.  It 
had  been  observed  that,  on  turning  the  electric  machine,  especially  if  there  be  points 
attached  to  the  prime  conductor,  or  if  sparks  are  being  rapidly  taken,  a  peculiar  odor 
is  produced,  and  the  same  is  noticed  in  the  oxygen  which  comes  from  the  electrolytic 
decomposition  of  water.  Schonbein  showed  that  this  arises  from  the  effect  of  the 
electric  discharge  on  the  oxygen  gas  around  it.  lie  called  the  body,  which  he  sup- 
posed to  be  formed,  and  from  which  the  odor  arises,  ozone;  and  investigated  the  cir- 
cumstances of  its  production  and  destruction.  Long  discussion  as  to  the  composition 
of  this  body  followed  the  publication  of  Schonbein's  observations;  but  it  is  now 
generally  admitted  that  ozone  consists  of  oxyjren  condensed  into  a  smaller  bulk, 
and  in  all  probability  is  formed  by  the  combination  of  oxygen  with  itself.  (See 
Ozone.) 

Not  only  is  combination  effected  under  the  influence  of  the  electric  spark,  but 
what  appears  strange,  the  spark  also  produces  the  decomposition  of  a  compound. 
Thus  ammonia  gas  is  doubled  in  volume  by  the  passage  of  the  electric  spark,  being 
split  up  into  hydrogen  and  nitrogen,  in  the  proportion  of  three  volumes  of  the  former 
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to  one  of  the  latter.  Nitric  oxide  under  the  same  treatment  becomes  nitric  acid  and 
oxygen ;  and  nitrons  oxide  becomes  nitrogen  and  oxygen.  Other  gases  can  also  be 
decomposed.  The  action  of  the  spark  upon  a  liquid  is  shown  by  causing  the  elec- 
tric discharge  to  take  place  through  the  liquid  between  two  very  fine  points  placed 
at  a  short  distance  from  each  other.  Wollaston  adopted  the  method  of  inclosing  a 
yery  tine  gold  wire  in  a  capillary  tube,  and  heating  the  glass  so  as  to  fuse  the  wire 
on  to  the  end  of  it  and  completely  cover  it.  The  ^lass  was  then  filed  very  gently 
away  till  the  wire  is  just  seen  with  the  aid  of  a  lens  to  be  uncovered.  "When  sparks 
are  passed  between  two  such  points,  through  water,  a  continuous  stream  of  gas  ia 
Been  to  rise  from  each  of  the  points.  The  decomposition  which  occurs  here  is  not 
at  all  the  same  as  that  which  takes  place  when  a  current  of  electricity  is  sent  through 
the  liquid.  In  the  latter  case  oxygen  rises  from  one  plate  and  hydrogen  from  the 
other;  but  in  the  case  of  water  decomposed  by  the  spark,  hydrogen  and  oxygen, 
mixed,  come  off  from  each  of  the  points. 

From  the  experiments  of  Grove,  it  appears  that  in  all  these  cases  the  chemical 
action  brought  about  by  the  spark,  is  due  to  the  very  intense  heat  developed  by  it. 
He  showed  similar  combination  and  decomposition  taking  place  under  the  influence 
of  incandescent  platinum,  heated  either  by  the  passage  of  the  electric  current 
through  it  or  in  some  other  way.  We  arc  unable  to  detail  his  experiments  here  ; 
bat  refer  our  readers  to  the  papers  of  Grove,  or  to  the  treatise  of  De  la  Rive,  vol.  ii. 

Electrode  (656$,  a  way.)  A  term  introduced  by  Faraday  to  designate  a  surface 
at  which  the  electric  current  either  enters  or  leaves  a  bodv  under  electrolytic  decom- 
position.  He  calls  that  the  anode  (awi.  upwards)  at  which  the  current  enters,  and 
that  the  kathode  (xara,  downward)  at  which  the  current  leaves  the  electrolyte.  (See 
A n ode  ;  Electrolysis. ) 

Electro-dynamics.  (Svnaftt;,  force.)  Under  this  not  very  appropriate  name  is 
usually  included  that  part  of  electrical  science  which  deals  with  the  attraction  and 
repulsion  manifested  between  currents  and  currents,  and  between  currents  and  mag- 
nets. In  1819,  (Erstcd  discovered  that  force  is  exerted  by  a  current  on  a  magnet 
in  its  neighborhood.  Ampere  also  examined  the  nature  of  this  force,  and  afterwards 
showed  a  similar  force  existing  between  two  currents. 

Ampere's  fundamental  law  which  governs  the  mutual  action  of  currents  upon  cur- 
rents is  that  two  current* flowing  in  the  same  direction  attract  each  other;  two 
currents  flowing  in  opposite  directions  repel.  The  phenomena  of  attraction  and 
repulsion  are  generally  shown  by  means  of  wires  which  are  made  movable  by  turn- 
ing about  an  axis,  and  the  ends  dipping  into  concentric  troughs  of  mercury,  which 
are  connected  with  the  terminals  of  the  battery.  In  this  way  it  may  be  shown  that 
a  wire  carrying  a  current  moves  bodily  towards  a  parallel  wire  carrying  a  current 
in  the  same  direction;  and  is  bodily  repelled  from  a  parallel  wire  carrying  a  cur- 
rent in  the  opposite  direction.  Again,  if  two  currents,  one  of  which  is  movable, 
are  passing  near  to  each  other,  their  directions  making  an  angle  between  them,  if 
they  are  flowing  in  the  same  direction,  a  force  is  exerted  between  them,  which  tends 
to  diminish  the  angle  and  make  them  flow  parallel ;  but  if  they  are  flowing  in  oppo- 
site directions  the  movable  wire  is  turned  completely  round,  and  finally  set  so  that 
the  wires  are  parallel,  and  the  directions  of  the  currents  the  same.  It  follows  also 
from  the  principles  which  have  been  stated,  that  if  two  currents  are  flowing  at  right 
angles  to  each  other,  and  if  one  of  them  be  movable  parallel  to  itself  and  parallel 
to  the  direction  of  the  other  current,  the  movable  current  is  carried  backwards,  when 
it  flows  towards  the  other,  and  forward  when  it  flows  away  from  it. 

Lastly,  it  is  a  consequence  of  Ampere's  law  that  each  elementary  portion  of  a 
rectilinear  current  repels  the  elementary  portions  nearest  to  it.  Faraday,  to  show 
this  experimentally,  suspended  from  the  beam  of  a  very  delicate  balance  a  piece  of 
copper  wire  bent  into  the  shape  of  an  inverted  U.  The  ends  of  the  wire  dipped  to 
some  depth  into  tall  mercury  cups  which  were  connected  with  the  terminals  of  the 
battery.  When  the  current  passed,  this  wire  rose  in  the  cups,  and  sank  again  on 
the  cessation  of  the  current,  and  the  explanation  given  is  that  the  current  in  the 
parts  of  the  mercury,  and  of  the  wire  near  to  each  other,  being  in  the  same  direction 
repel  each  other. 

These  laws  arc  illustrated  by  apparatus  consisting  of  movable  wires,  such  as  wo 
have  mentioned  above  in  various  forms.  For  example,  it  is  easy  to  show  continuous 
rotation  of  one  current  produced  by  a  current  in  a  direction  at  right  angles  to  it, 
which  is  evidently  a  consequence  of  what  has  been  stated  with  regard  to  such  cur- 
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rents.  Let  a  current  pass  in  a  circle  placed  horizontally,  or  what  is  better,  through 
several  horizontal  coils  of  insulated  copper  wire ;  and  let  another  current  rising 
through  a  pillar  placed  at  the  centre  of  the  circle  pass  into  a  copper  wire,  turning  on 
a  pivot  at  the  top  of  this  pillar  and  dividing  there,  flow  in  two  opposite  radii  to  the 
circumference,  then  turning  vertically  downward,  come  into  a  norizontal  circular 
trough  of  mercury  into  which  the  ends  of  the  wire  dip,  and  thence  return  to  the  bat- 
tery ;  we  shall  thus  have  two  currents  coming  vertically  down,  at  right  angles  to 
that  which  is  circulating  in  the  horizontal  wire,  and  rotation  of  the  vertical  wires 
will  take  place  in  a  direction  opposite  to  that  in  which  the  horizontal  current  is 
flowing.  If  the  current  is  made  to  flow  upwards  in  the  vertical  wires,  the  rotation 
will  take  place  in  the  same  direction  as  that  in  which  the  horizontal  current  is 
flowing. 

Action  between  Currents  and  Magnets.  (Ersted's  fundamental  experiment 
shows  that  when  a  magnet  is  placed  in  the  vicinity  of  a  current,  and  able  to  move 
round  an  axis  perpendicular  to  its  length,  it  sets  itself  at  right  angles  to  the  direc- 
tion of  the  current  according  to  a  law  which  is  thus  enunciated  by  Ampere.  Let 
an  observer  be  situated  in  the  conducting  wire,  the  current  entering  at  his  feet  and 
passing  out  at  his  head,1  and  let  him  look  on  the  north  pole,  the  rotation  will  be  such 
that  the  north  pole  will  always  turn  to  his  left  hand.  Thus  let  the  wire  be  situated 
above  the  needle,  and  let  the  current  flow  from  south  to  north,  the  north  pole  of  the 
needle  will  deviate  towards  the  west.  If  the  wire  is  below  the  needle,  the  north 
pole  will  move  towards  the  east.    (See  Ampere* s  Law.) 

Just  as  the  movable  magnet  is  rotated  by  the  fixed  wire,  so  is  a  movable  wire 
acted  on  by  a  fixed  magnet.  To  show  this  a  rectangle  of  wire  is  made  to  turn  about 
a  vertical  axis  in  its  own  plane,  and  at  right  angles  to  two  of  its  sides.  On  bringing 
a  magnet  near  to  it  while  a  current  is  passing  through  it,  the  wire  sets  itself  at  right 
angles  to  the  length  of  the  magnet,  and  in  such  a  direction  that  the  north  pole  of 
the  magnet  is  to  the  left  hand  of  an  observer  situated  as  described  above.  For 
exhibiting  the  action  of  a  magnet  on  a  movable  current  a  beautiful  little  apparatus 
called  De  la  Rive's  floating  battery  is  also  employed.  It  consists  of  a  very  small 
cell  attached  below  the  centre  of  a  circular  disK  of  cork ;  the  terminals  of  it  pass 
through  the  cork,  and  are  attached  to  a  small  vertical  ring  or  coil  of  insulated  wire 
carried  on  the  top  of  the  cork.  When  the  battery  is  charged  a  current  passes 
through  the  coil,  and  the  whole  apparatus  may  be  floated  on  the  surface  of  water  by 
means  of  the  cork.  On  bringing  a  magnet  near  to  the  coil  and  on  a  level  with  its 
centre,  the  latter  turns  round  and  sets  itself  with  its  plane  perpendicular  to  the  length 
of  the  magnet,  and  turns  that  side  to  the  end  of  the  magnet  which  makes  the  current 
in  the  ring  parallel  to  Ampere's  hypothetical  currents  in  the  magnet.  (See  Amperefs 
Theory.)  It  then  takes  a  bodily  motion  towards  the  magnet,  passes  the  pole  and 
moves  along,  making  the  axis  of  the  magnet  coincide  with  its  own  axis,  till  it  reaches 
the  middle  of  the  magnet  and  there  stops.  If  it  be  placed  at  the  middle  of  the  mag- 
net, with  its  plane  turned  so  that  the  current  in  the  coil  is  opposite  in  direction  to 
that  of  Ampere's  hypothetical  currents  in  the  magnet,  it  then  moves  off  at  one  end 
of  the  magnet ;  turns  round  and  comes  back  again,  and  takes  the  position  of  equili- 
brium. The  attraction  and  repulsion  of  a  current  on  a  magnet  give  rise  also  to 
rotatory  motion.  Faraday  showed  this  by  the  following  apparatus :  Through  the 
bottom  of  a  deep  vessel  containing  mercury,  a  wire  from  the  battery  passed,  and  a 
hook  connected  with  the  other  terminal  of  the  battery  sustained  one  end  of  a  wire 
above  the  centre  of  the  mercury  cup,  while  the  other  dipped  into  the  mercury,  and 
thus  completed  the  circuit.  This  wire  was  longer  than  the  shortest  distance  from 
the  hook  to  the  mercury,  and  being  buoyed  up  at  the  lower  extremity  assumed  a 
position  nearly  vertical  but  not  quite.  In  the  centre  of  the  vessel  stood  a  vertical 
bar  magnet  with  its  top  projecting  some  distance  above  the  mercury.  The  current 
passed  through  the  mercury  into  the  movable  wire,  and  by  means  of  the  hook  which 
supported  the  latter,  back  to  the  battery ;  the  wire  then  revolved  round  the  mag- 
net. Similar  rotation  was  shown  by  a  magnet  about  a  fixed  current.  The  following 
law  governs  these  rotations  :  Suppose  an  observer  to  be  placed  at  the  north  pole 
of  a  magnet  parallel  to  the  current,  and  let  him  look  at  the  current,  which  appears 
to  him  to  flow  upward,  then  the  rotation  of  the  current  takes  place  from  right  to 
left.  From  these  and  from  similar  experiments  it  appears  that  a  portion  of  a  current 
in  a  magnetic  field  tends  to  move  so  as  to  cut  the  lines  of  maguetic  force  at  right 
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angles,  and  in  such  a  direction  that  a  figure  placed  in  the  wire  while  the  current 
enters  at  his  feet,  and  looking  at  the  north  pole,  is  urged  towards  the  right. 

M.  De  la  Rive  has  devised  a  beautiful  apparatus  for  showing  the  rotation  of  an 
induced  current  passing  through  a  vacuum.  (See  Electric  Egg .)  Into  tbe  exhausted 
vessel  a  piece  of  soft  iron  projects,  which  is  covered  with  glass  and  shell-lac,  and 
thus  most  carefully  insulated  from  the  vacuum  space,  and  it  terminates  outside  in 
the  centre  of  the  wooden  foot  on  which  the  apparatus  stands.  At  the  top  of  the 
vessel  a  wire  enters  in  the  ordinary  way,  and  at  the  bottom  a  wire  projects  inwards, 
carrying  a  ring  which  encircles  the  glass  tube  containing  the  soft  iron.  The  foot 
being  set  on  one  pole  of  an  electric  magnet,  the  soft  iron  piece  becomes  a  magnet  by 
induction.  A  current  is  now  made  to  pass  through  the  vacuum,  and  the  arc  of  light 
is  seen  between  the  wire  at  the  top  and  the  ring  below,  and  under  the  influence  of 
the  magnet  it  rotates  slowly  round  the  pole,  the  direction  depending  on  the  direction 
of  the  current  and  on  the  nature  of  the  pole  of  the  magnet  on  which  the  soft  iron  is 

I  laced.  The  apparatus  was  originally  devised  to  illustrate  the  theory  of  M.  De  la 
live  with  regara  to  the  rotation  of  the  Aurora  Boreal  is  (q.  v.). 
As  might  be  expected,  the  earth's  magnetism  produces  an  effect  on  currents  free 
to  move  under  its  influence  in  precisely  the  same  way  that  an  artificial  magnet  acts. 
This  is  demonstrated  either  by  means  of  the  floating  current  or  by  the  other  movable 
apparatus  which  we  have  mentioned  above.  The  laws  which  govern  the  action  of 
the  earth  upon  movable  currents  are  precisely  the  same  as  those  which  hold  in  the 
case  of  artificial  magnets;  but  in  applying  them  it  must  be  borne  in  mind  that, 
according  to  our  English  way  of  naming  the  poles  of  a  magnet,  the  north  pole  of  the 
magnet  corresponds  to  the  south  pole  of  the  earth.  The  following  law,  deduced,  of 
course,  from  the  general  law,  may  be  stated  in  particular  as  being  very  important  in 
connection  with  the  theories  of  terrestrial  magnetism  and  with  the  action  of  the 
solenoid,  of  which  we  are  about  to  speak :  Let  a  closed  current  in  a  vertical  plane 
be  capable  of  turning  about  a  vertical  axis,  which  is,  for  example,  the  case  with  De 
la  Rive's  floating  battery,  the  current  places  itself  in  a  plane  perpendicular  to  the 
magnetic  meridian,  and  in  such  a  way  that  the  current  descends  to  the  east  of  the 
axis  of  rotation  and  ascends  to  the  west  of  it. 

Of  Solenoids.    (Fig.  57.)     Solenoids  were  used  by  Ampere  for  illustrating  his 
theory  of  magnetism.    A  solenoid  is  constructed  by  winding  copper  wire  in  the  form 
of  a  helix  or  screw  on  a  cylinder  of  convenient  size 
(1  to  1.5  inch  in  diameter);  the  ends  of  the  wire  Fig.  57. 

are  turned  inward  and  brought  back  along  the  axis 
of  the  cylinder  to  the  middle,  where  they  are  turned 
at  right  angles  to  the  axis  and  brought  out  between 
two  of  the  turns.  The  parts  of  the  wire  are  insu- 
lated by  being  kept  at  a  distance  from  each  other. 
The  ends  of  the  wire  are  carried  for  a  short  distance 
at  right  angles  to  the  axis  of  the  helix;  they  are 
then  bent  round  into  such  a  form  that  they  may  be 
placed  in  two  cups  of  mercury  which  are  supported 
one  vertically  above  the  other  on  horizontal  me- 
tallic arms.  The  solenoid  can  thus  be  suspended  with  its  axis  horizontal,  and 
can  turn  round  the  vertical  axis,  passing  through  the  mercury  cups.  It  is  called 
right-handed  when  the  turns  appear  to  go  in  the  direction  of  the  hands  of  a  watch  ; 
left-handed  when  in  the  opposite  direction.  The  effect  of  the  solenoid  when  a 
current  is  passing  through  it  is  precisely  the  same  as  that  of  a  series  of  parallel 
circular  currents  at  right  angles  to  its  axis.  When  a  solenoid  is  traversed  by  a 
current,  it  has  all  the  properties  of  a  magnet  in  which  the  south  pole  is  that  in  which, 
to  an  observer  looking  on  it,  the  current  appears  to  move  in  the  direction  of  the 
bands  of  a  watch.  This  follows  from  what  we  have  just  stated  with  regard  to  the 
action  of  the  earth  on  a  closed  current  in  a  vertical  plane.  I^et  this  solenoid  be  sus- 
pended in  its  mercury  cups,  the  terminals  of  the  battery  being  attached  to  the  arms 
which  carry  them,  and  let  it  be  placed  with  its  axis  not  in  the  direction  of  the  mag- 
netic meridian,  it  will  immediately  begin  to  move  so  as  to  place  itself  in  that  plane, 
and  after  a  few  oscillations  will  set  itself  in  it  just  as  a  magnet  would.  If  it  be  re- 
moved from  its  position  by  the  hand,  it  again  returns  to  it.  It  will  be  found,  also, 
that  when  in  its  position  of  rest  the  currents  in  the  spirals  are  descending  to  the  east 
of  the  axis  of  suspension  and  ascending  to  the  west  of  it.    It  appears,  therefore,  that 
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the  south  pole  of  the  solenoid  is  that  in  which  an  observer  to  the  south  of  it  sees  the 
currents  circulate  in  the  direction  of  the  hands  of  a  watch.  This  experiment  may 
also  he  shown  by  constructing  a  very  small  solenoid  and  attaching  it  to  the  terminal 
wires  of  De  la  Rive's  floating  battery.  Again,  a  magnet  and  a  solenoid  act  upon 
each  other  just  as  a  magnet  would  act  upon  a  magnet.  When  the  north  pole  of  one 
is  brought  near  to  the  south  pole  of  the  other,  attraction  takes  place ;  while  if  the 
two  north  poles  or  the  two  south  poles  are  presented  to  each  other,  repulsion  is 
exhibited.  The  solenoid  may  even  be  made  to  attract  iron  filings ;  and  in  every 
respect  the  law  of  attraction  and  repulsion  between  a  magnet  aud  a  solenoid  is 
plainly  the  same  as  that  which  would  hold  between  the  magnet  and  a  second  magnet 
whose  strength  is  the  same  as  that  of  the  solenoid.  Lastly,  one  solenoid  acts  upon 
another  as  one  magnet  acts  on  another  magnet ;  and  if  a  solenoid,  capable  of  turning 
about  an  axis,  is  brought  near  to  a  rectilinear  current,  it  takes  a  set  according  to 
the  same  laws  which  CErsted  gave  for  the  action  of  a  current  upon  a  magnet  But 
these  actions  of  a  solenoid  on  a  solenoid  and  of  a  current  on  a  solenoid  can  all  be 
brought  under  the  laws  of  the  action  of  one  current  upon  another.  Hence  Ampere 
was  led  to  his  celebrated  theory  of  magnetism,  in  which  he  assumes  the  existence  of 
currents  around  the  magnet  in  places  perpendicular  to  the  magnetic  axis.  He  sup- 
poses that  around  the  molecules  of  a  magnet  currents  are  perpetually  circulating  m 
a  direction  at  right  angles  to  the  magnetic  axis,  and  such  that  an  observer  at  the 
south  pole  of  the  magnet  would  see  them  moving  in  the  same  way  as  the  hands  of  a 
watch ;  within  the  magnet  these  currents  neutralize  one  the  effect  of  the  other ;  but 
at  the  outside  of  the  magnet  the  aggregate  effect  of  the  whole  is  that  of  currents 
circulating  round  the  magnet  in  the  direction  just  indicated. 

Electrolysis  (&i*>,  to  loosen  or  disengage)  is  the  resolving  or  splitting  up  of  a 
compound  into  its  elements  by  means  of  an  electric  current.  A  few  weeks  after  the 
invention  of  the  pile  by  Volta,  Nicholson  and  Carlisle  showed  by  means  of  it  the 
separation  of  water  into  its  constituent  elements,  oxygen  and  hydrogen ;  and  not 
many  years  elapsed  before  Davy  displayed  at  the  Royal  Institution  potash  resolved 
by  the  battery  into  oxygen  and  potassium.  Then  followed  quickly  the  discovery 
and  preparation  of  new  metals,  and  the  invention  of  the  electrotyping  and  electro- 
plating processes,  and  there  is  now  no  more  important  application  of  electricity  to 
the  arts  than  that  which  depends  upon  electro-chemical  decomposition. 

Let  the  wires  connected  with  the  poles  of  a  battery  of  three  or  four  cells  be  termi- 
nated by  slips  of  platinum,  and  let  these  be  immersed  in  water,  slightly  acidulated 
with  sulphuric  acid,  it  will  be  found  that  they  immediately  become  covered  with 
bubbles  of  gas,  which  increase  and  soon  begin  to  rise  through  the  liquid.  If  the 
gases  are  collected  with  proper  precautions  it  will  be  found  that  one  of  them  is  pure 
oxygen,  and  the  other  pure  hydrogen,  and  that  the  amounts  of  them  arc  one  volume 
of  oxvgen  to  two  of  hydrogen ;  the  same  quantities,  in  fact,  as  those  in  which  oxygen 
and  Iiydrogen  are  associated  to  form  water.  It  will  always  be  found,  too,  that  the 
oxygen  is  given  off  at  the  side  connected  with  the  positive  or  platinum  pole  of  the 
battery,  the  hydrogen  at  that  connected  with  the  negative  or  zinc  pole. 

Our  nomenclature,  and  much  of  our  knowledge  on  this  subject,  we  owe  to  Fara- 
day. JTe  calls  any  body  which  undergoes  decomposition  (similar  to  that  which  we 
have  described  in  the  case  of  water)  an  electrolyte;  the  surfaces  at  which  the  cur- 
rent enters  or  leaves  an  electrolyte  he  calls  electrodes  (ubof.  a  way),  calling  that  the 
anode  (iuu,  upward)  at  which  it  enters,  and  that  at  which  it  leaves  the  kathode 
(xota,  downward).  (See  Anode.)  The  electrolyte,  under  the  influence  of  the  cur- 
rent, is  split  up  into  two  portions  called  ions\.bv,  that  which  goes),  which  move 
towards  the  two  electrodes ;  that  which  goes  to  the  anode  is  called  the  anion,  the 
other  the  kathion,  going  as  it  does  to  the  kathode.  "With  these  definitions  we  pro- 
ceed to  the  laws  of  electrolysis. 

1.  Electrolysis  only  takes  place  when  the  electrolyte  is  in  the  liquid  state.  For 
during  electrolysis  a  species  of  discharge  takes  place  which  is  very  different  from 
ordinary  conduction  in  a  solid.  It  includes,  if  it  does  not  wholly  depend  on,  a  con- 
vective  action,  during  which  the  parts  of  the  body  under  electrolysis  are  transferred, 
one  to  one  side,  the  other  to  the  other;  and  it  requires  the  free  mobility  of  particles 
afforded  by  the  liquid  form.  This  transference  of  particles  may  be  well  shown  in  the 
following  way.  Let  two  vessels  containing  solution  of  sulphate  of  sodium  be  placed 
side  by  side,  and  connected  by  means  of  a  siphon  filled  with  the  same  liquid,  and  let 
a  slip  of  platinum  connected  with  the  positive  pole  of  a  battery  be  placed  in  one, 
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and  a  slip  connected  with  the  negative  pole  be  placed  in  the  other.  The  sulphate 
of  sodium  (Na,S04)  is  divided  into  two  portions;  the  metal  (NaJ  goes  towards  the 
negative  pole,  and  the  acid  radical,  as  it  is  called  (S04),  goes  to  the  positive  pole  ; 
and  it  is  found,  after  a  time,  that  the  whole  of  the  metal  is  in  one  vessel,  the  whole 
of  the  acid  radical  in  the  other.  If  the  electrolyte  is  solidified,  this  action  is  at 
once  pnt  an  end  to,  and  the  current,  as  may  be  seen  by  including  a  galvanometer  in 
the  circuit,  immediately  ceases.  This  can  be  shown  by  plunging  into  ice-cold  water 
an  electrode  which  has  been  chilled  in  a  freezing  mixture ;  an  excessively  thin  film 
of  ice  covers  the  surface,  but  this  is  quite  sufficient  to  prevent  electrolytic  action; 
when  the  ice  melts  the  current  passes,  and  the  decomposition  at  once  tagins.  In 
the  case  of  gases  there  are  some  cases  in  which  decomposition  of  a  compound  gas 
takes  place  under  the  influence  of  electric  discharge,  but  such  action  is  not  at  all  of 
the  nature  of  electrolysis. 

2.  During  electrolysis  the  components  of  the  electrolyte  arc  resolved  into  two 
groups,  one  of  which  goes  to  the  positive  electrode  or  anode,  the  other  to  the  nega- 
tive electrode  or  kathode.  This  law  has  been  already  illustrated ;  under  it  elements, 
when  in  combination,  are  divided  into  classes  and  called  electro-posit  ire  or  electro- 
negative, those  which  go  to  the  negative  electrode  being  electro-positive,  and  those 
which  go  to  the  other  electro-negative,  these  names  having  reference  to  a  theorv  which 
supposes  them  to  contain  respectively  positive  and  negative  electricity,  which  is  the 
cause  of  their  attraction  to  the  electrodes,  and  which  they  neutralize  "with  the  nega- 
tive and  positive  electricity  with  which  the  electrodes  are  kept  charged  by  the  pile. 
According  to  this  division  hydrogen  and  all  the  metals  are  electro-positive ;  during 
electrolytic  decomposition  they  all  appear  at  the  kathode ;  while  oxygen,  and  all  the 
bodies  that  resemble  it,  are  electro-negative,  and  appear  at  the  anode.  In  salts  also, 
which  are  not  binary  compounds,  such  as  nitrate  of  potassium  (KNO..),  or  sulphate 
of  copper  (CuS04),  the  metallic  portion  of  the  salt  goes  to  the  kathode,  and  all  the 
rest  of  the  elements  (NOs  or  SOJ  go  to  the  anode.  This  division  of  course  corres- 
ponds with  Faraday's  division  into  kathious  and  anions ;  he  gave  them  these  names 
m  order  to  be  free  of  all  hypothesis ;  but  the  words  electro-positive  and  electro-nega- 
tive are  still  commonly  used,  even  by  those  who  do  not  admit  the  theory  which  gave 
rise  to  them. 

3.  TJie  electrolytic  action  of  the  current  is  the  same  at  all  parts  of  the  circuit. 
If  several  decomposing  cells  are  placed  in  the  same  circuit  at  different  parts,  each 
filled  with  acidulated  water,  or  with  any  other  electrolyte,  it  is  found  that  precisely 
the  same  amount  of  decomposition  occurs  in  each. 

4.  Tlie  quantity  of  the  electrolyte  decomposed  in  a  given  time,  is  in  simple  pro- 
portion to  the  strength  of  the  current ;  and  the  same  quantify  of  electricity  de- 
composes chemically  equivalent  quantities  of  different  electrolytes.  Suppose  that 
in  the  same  circuit  are  included  a  tangent  galvanometer  (see  (galvanometer)  and  a 
decomposing  cell,  and  that,  a  current  passing,  a  certain  amount  of  gas  is  collected 
from  the  decomposing  cell  in  one  minute.  Then  if  the  strength  of  the  current  be 
increased  till  the  galvanometer  indicates  that  it  is  doubled,  twice  the  quantity  of 
gas  will  now  be  given  off"  per  minute.  From  the  perfectly  definite  character  of  this 
action,  Faraday  proposed  to  use  it  as  a  means  of  measuring  the  strength  of  the  cur- 
rent, and  hence  came  his  Voltameter.  It  consists  ot  a  bottle  into  which  platinum 
wires  carrying  platinum  plates  project  through  the  stopper.  A  tube  of  glass  passes 
through  the  stopper  and  bends  downwards  outside  after  the  manner  of  an  ordinary 
delivering  tube  for  gases.  "With  the  exception  of  the  tubular  opening  the  bottle  is 
completely  closed,  and  it  contains  water  acidulated  with  dilute  sulphuric  acid.  The 
current  passing,  electrolysis  of  the  water  takes  place,  the  mixed  gases  are  given  off, 
and  by  means  of  the  glass  tube  are  collected,  according  to  the  ordinary  way  for  col- 
lecting gases  in  a  graduated  jar.  The  strength  of  the  current  is  measured  by  the 
qnantity  of  gas  given  off  in  a  certain  time.  The  second  part  of  this  law  may  be 
illustrated  by  placing  in  the  same  circuit  a  number  of  decomposing  cells  containing 
different  electrolytes  (for  example,  water,  solution  of  sulphate  of  copper,  fused 
chloride  of  tin)  and  permitting  tne  current  to  pass  through  them  all  at  once.  The 
quantity  of  electricity  that  passes  must  be  the  same  for  each,  and  on  collecting  the 
products  of  decomposition  with  proper  precautions  it  will  be  found  that  the  quanti- 
ties of  the  electrolytes  decomposed  are  strictly  in  proportion  to  their  chemical 
equivalents.  Moreover,  if  the  amount  of  chemical  action  which  has  gone  on  within 
the  battery  is  determined,  there  being  of  course  no  local  action  ou  the  plates,  it  will 
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be  found  that  it  also  bears  the  same  relation  to  the  decompositions  in  the  vari- 
ous cells  as  they  do  among  themselves.  Thus,  supposing  the  battery  to  consist  of 
zinc  and  platinum  with  some  exciting  liquid,  for  every  32.7  grains  of  zinc  dissolved 
in  the  battery  cells  9  grains  of  water  are  decomposed  in  the  voltameter  into  1  grain 
of  hydrogen  and  8  of  oxygen,  in  the  sulphate  of  copper  cell  31.7  trains  of  copper 
are  thrown  down,  and  a  corresponding  quantity  of  the  acid  radical  liberated,  and  in 
the  cell  containing  chloride  of  tin,  59  grains  of  tin  and  35.5  of  chlorine  are  set  free, 
these  numbers  being  those  which  represent  chemically  equivalent  quantities  of  the 
respective  bodies,  that  is,  quantities  which  may  be  substituted  for  each  other  in 
forming  chemical  compounds.  Suppose  again,  that  the  voltameters  are  placed  side 
by  side  in  such  a  manner  that  the  current  dividing  itself  passes  part  through  one 
and  part  through  the  other,  then  whether  the  voltameters  contain  the  same  electro- 
lyte or  not  the  total  quantity  of  decomposition  that  goes  on  in  the  two  is  chemically 
equivalent  to  that  which  goes  on  in  a  voltameter  arranged  in  the  same  circuit,  so 
that  the  whole  of  the  current  may  pass  through  it. 

In  the  case  of  clcctrolyzing  such  bodies  as  sulphate  of  sodium  the  results  obtained 
are  very  much  complicated  by  what  is  called  secondary  action.  It  is  found  that 
not  only  is  there  an  equivalent  of  sulphate  of  sodium  decomposed,  but  that  oxygen 
is  besides  given  off  at  the  positive  electrode  and  hydrogen  at  the  negative.  The 
current  thus  appears  at  first  sight  to  do  double  work  in  decomposing  both  water  and 
sulphate  of  sodium.  This  is,  however,  a  result  of  purely  chemical  action.  As  we 
have  said,  at  one  pole  there  is  liberated  sodium  (NaA  and  at  the  other  the  acid 
radical  (SO}),  or  as  it  used  to  be  called  oxysulphion.  The  sodium  attacks  at  the 
moment  of  its  liberation  the  water  in  which  the  salt  has  been  dissolved  according  to 
a  chemical  reaction  expressed  by  the  symbols — 

Na2  +  2H20  =  2NaHO  +  Hs, 

and  thus  caustic  soda  is  formed,  and  hydrogen  set  free,  which  bubbles  up,  and  as  will 
be  remarked,  appears  in  equivalent  quantity.  Similarly,  in  the  other  case,  the  group 
of  atoms  S04  coming  in  contact  with  a  molecule  of  water,  breaks  up,  and  at  the  same 
time  forms  sulphuric  acid,  and  gives  off  oxygen.    Thus — 

so4  +  n2o  =  h2so4  +  o. 

In  almost  all  cases  of  electrolytic  action,  except  where  the  electrolyte  is  a  binary 
compound  in  the  fused,  not  dissolved,  state,  secoudary  action  is  an  accompaniment; 
and  it  is  frequently  difficult  to  separate  the  effects  due  to  one  from  those  aue  to  the 
other  cause.  The  decomposition  of  water  in  the  voltameter  is  by  many  authorities, 
and  with  very  good  reason,  ascribed  to  secondary  action.  It  is  held  that  water  alone 
is  not  an  electrolyte ;  if  pure  water  bo  submitted  to  the  action  of  the  battery,  little 
or  no  decomposition  occurs,  even  though  a  large  number  of  cells  be  used,  but  on 
acidulating  it  with  a  little  sulphuric  acid,  electrolysis  at  once  sets  in.     The  reason 

Sven  is  this:  the  sulphuric  acid  H2S04  breaks  up  into  two  portions,  of  which  one 
3  goes  to  the  kathode,  and  rises  there  in  bubbles.  The  other  S04  is  set  free  at  the 
anode,  and  there  acting  on  the  contiguous  molecules  of  water  combines  to  reform 
sulphuric  acid  and  liberate  the  oxygen.  Oxygen  and  hydrogen  are  thus  set  free  in 
the  proportion  in  which  they  form  water,  the  action  depending  on  the  decomposition 
of  the  sulphuric  acid  by  the  pile;  and  sulphuric  acid,  being  constantly  reformed, 
there  is  no  loss  of  it  in  the  voltameter.  Distilled  water  is,  it  is  true,  decomposed  to 
some  extent  by  a  powerful  battery ;  but  Davy,  during  a  series  of  experiments  with 
a  somewhat  different  object,  found  it  almost  impossible  to  obtain  pure  water  even 
with  the  most  extraordinary  precaution^.  He  operated  in  vessels  of  marble  and 
of  glass,  and  found  the  marble  and  glass  slightly  dissolved  by  the  water;  in  vessels 
of  gold  and  of  wax,  but  even  there  the  water  was  contaminated  by  absorbing  im- 
purities from  the  air  ;  and  as  he  approached  complete  purity  the  amount  of  electro- 
lytic decomposition  became  excessively  small. 

When  several  electrolytes  arc  mixed,  the  results  of  electrolysis  depend  upon  the 
strength  of  the  current,  and  on  the  qualities  of  each  in  the  mixture.  A  strong  cur- 
rent generally  acts  somewhat  on  all  of  them,  and  gives  at  one  pole  a  mixture  of  the 
anions,  at  the  other  a  mixture  of  the  kathions ;  and  the  quantity  in  which  the  several 
elementary  bodies  appear  depends  upon  the  quantities  of  the  compounds  in  the  mix- 
ture, and  on  the  relative  ease  or  difficulty  with  which  they  yield  to  decomposition. 
When  the  current  is  weak  only  that  which  yields  easiest  is*  in  general,  electrolyzed. 
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The  Beequerels  and  Mattencci  applied  themselves  to  the  investigation  of  this  ques- 
tion, as  did  also  Daniell  and  Miller,  bnt  the  quantitative  lavs  cannot  yet  be  said  to 
be  at  all  thoroughly  understood. 

There  are  many  points  concerned  with  electrolytic  action  which  oar  limits  force 
ns  to  leave  almost  untouched.  We  refer  the  reader  for  fuller  information  to  Do  la 
Rive's  Treatise  (voL  ii-  io  particular).  Faraday  displayed  the  electrolytic  decom- 
position due  to  frictional  electricity,  and  likewise  investigated  the  laws  of  electro- 
lysis by  the  galvanic  current.  (See  Exp.  Researches,  vol.  i.,  or  Phil.  Trans.  See 
also  the  Papers  of  Grove  and  Graham  ;  and  a  paper  by  Andrews,  An.  de  Chen,  et 
de  Phyt.  (N.8.)  t  L.,  on  the  Electrolytic  Decomposition  of  Water  by  the  Electric 


Electrolyte,  Any  compound  substance  which  undergoes  decomposition  or  sepa- 
ration into  its  constitttentparts,  under  the  influence  of  the  electric  current,  is  called 
by  Faraday  electrolyte.  Electrolytes  are  all  chemical  compounds ;  and  all,  so  far 
as  we  know  at  present,  contain  a  metal  and  a  non-metal,  or  something  chemically 
equivalent  to  each  of  them.  No  success  has  yet  attended  endeavors  to  decompose 
such  bodies  as  definite  alloys  or  amalgams.  Electrolytes  must  always  be  in  the 
liquid  condition;  whether  brought  to  it  by  fnsion,  or  by  solution  in  some  liquid. 
In  this  condition  they  must  be  capable  of  transmitting  the  electric  current.  (Bee 
Electrolysis.) 

Electro-magnet.    An  electro-magnet  is  formed  by  wrapping  round  a  core  of  soft 
iron  a  good  many  turns  of  moderately  thick  and  well-insulated  copper  wire.     The 
core  is  generally  bent  into  the  form  of  a  horse-shoe.   (Fig.  58.)  It  is  frequently  made 
by  screwing  the  ends  of  two  soft  iron  cylinders  to  a  stout 
flat  iron  bar.    It  must  be  formed  of  very  pure  iron,  and  Fig-  58. 

bc  made  perfectly  soft  by  the  most  careful  annealing  after 
the  bending,  if  it  is  bent,  has  taken  place.  It  is  polished 
with  a  file,  the  greatest  care  being  taken  to  avoid  twisting 
it  If  this  be  not  done,  the  bar  retains  a  portion  of  its 
magnetism  after  the  corrent  ceases.  The  wire  is  moder- 
ately thick  and  insulated  with  Bilk  or  cotton,  and  is  coiled 
chiefly  about  the  two  extremities,  and  iu  such  a  way  that, 
to  an  observer  looking  upon  the  poles,  it  appears  to  be 
wound  in  opposite  directions  upon  them.  On  sending  a 
current  through  the  coil,  the  core  becomes  instantaneously 
a  magnet ;  and  on  breaking  contact  with  the  battery,  it 
h«es  its  magnetism  at  once.  The  power  of  the  electro- 
magnet is  enormously  greater  than  tnat  of  any  permanent  magnet  A  permanent 
magnet,  weighing  1  pound,  has  been  made  to  carry  '11 ;  but  Dr.  Joule  was  able  to 
construct  a  small  electro-magnet,  by  arranging  the  coils  to  advantage,  and  propor- 
tioning the  wire  of  the  core,  and  the  thickness  and  length  of  the  wire,  which  would 
carry  3500  times  its  own  weight  The  following  arc  the  laws  connected  with  elec- 
tro-magnets; II  tiller  has  investigated  them.  The  temporary  magnetic  moment 
depends  upon  the  strength  of  the  current,  and  on  the  number  of  turns  of  the  wire, 
•nd  also  on  the  length  and  diameter  of  the  soft  iron  core.  There  is  a  limit,  how- 
ever, in  the  case  of  a  thin  iron  core,  to  the  advantage  gained  by  putting  on  a  large 
number  of  turns  in  the  spiral ;  and  even  with  a  thick  bar,  more  may  be  lost  by  in- 
creasing the  number  of  turns,  from  the  resistance  offered  to  the  current  and  conse- 
quent diminution  of  it  than  there  is  gained  by  multiplying  the  number  of  coils. 
The  magnetic  moment  is  proportioned  to  the  strength  of  the  current,  if  it  be  not 
very  great,  to  the  number  of  turns  in  the  spiral  within  the  limit*  jit*'  iiirntiimctl, 
ana  to  the  square  root  of  the  diameter  of  the  core.  It  is  found  also  thut  the  mag- 
netism is  the  same  whether  the  core  be  an  iron  bar,  or  a  hollow  iron  cylinder  of  the 
same  diameter. 

Electro-magnetic   Machine.      See  Magneto-Electric  Machine,  and  Electro- 


O-magnetifln.    A  name  sometimes  applied  to  that  part  of  the  science  of 
/  and  magnetism  which  treats  of  the  production  and  properties  of  tempo- 
rary magnetism  by  the  passage  of  a  current  of  electricity  round  u  bar  of  soft  ii 


The  division  is  useless.    For  information  ou  the  subject  see  Magnetism;  Electro 
Magnet. 
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Electrometer.  An  instrument  for  measuring  differences*  of  electric  potential 
between  two  conductors  through  effects  of  electrostatic  force. 

The  word  electrometer  is  frequently  applied  to  that  which  we  have  called  in  toil 
work  an  electroscope,  which  is  merely  an  instrument  for  indicating  a  difference  of 
potentials  without  attempt  at  measurement.  (See  Electroscope;  Bohnenberger't 
Electrometer,  etc.) 

Besides  the  torsion  balance  of  Coulomb  which  we  have  described  (see  Balance, 
Torsion),  the  principal  electrometers  are  that  of  Peltier,  and  those  invented  by 
Sir  William  Thomson,  who  has  devoted  much  time  and  labor  to  the  construction  of 
them.  A  description  of  these  instruments  would  require  many  pages  ;  all  that  we 
can  do  here  is  to  give  a  very  brief  indication  of  the  nature  of  them,  and  to  refer 
the  reader  to  detailed  works  on  electricity,  and  to  the  report  referred  to  in  the  note 
below,  in  which  the  fullest  information,  with  diagrams  and  descriptions,  will  be 
found. 

Peltier's  Electrometer  is  constructed  in  the  following  way :  A  horizontal  bar  of 
brass  tipped  with  a  knob  at  each  end,  is  carried  on  a  carefully  insulating  support. 
This  bar  is  connected  with  a  brass  rod,  which  rises  vertically,  and  is  furnished  with 
a  large  ball  at  the  top.  A  charge  being  communicated  to  the  ball  at  the  top  spreads 
itself  over  the  whole  brass  rod,  and  over  the  horizontal  bar  below.     Upon  a  vertical 

{livot,  at  the  centre  of  the  horizontal  bar,  a  very  light  wire  of  aluminium  swings 
lorizontally.  The  wire  is  bent  into  such  a  form  that,  though  the  centre  of  it  is 
raised  upon  the  pivot,  nearly  all  the  rest  of  it  lies  in  the  same  horizontal  plane  with 
the  bar  of  brass ;  and  when  the  instrument  is  uncharged,  the  aluminium  wire  is  in 
contact  with  the  brass  bar  through  the  greater  part  of  its  length.  It  is  kept  in 
this  position  by  a  small  magnet  attached  to  the  swinging  wire ;  and  the  instrument, 
when  in  use,  is  placed  so  that  the  brass  bar  may  be  in  the  magnetic  meridian* 
When  a  charge  is  given  to  the  instrument,  the  brass  bar  is,  as  we  have  said,  elec- 
trified; so  also  is  the  aluminium  wire  by  contact.  Repulsion  takes  place  between 
the  two,  and  the  wire,  compelled  towards  the  magnetic  meridian  by  the  magnetic 
couple  acting  upon  it,  takes  a  position  depending  upon  the  strength  of  the  charge. 
The  angle  which  it  has  turned  through  is  read  off  on  a  divided  circle  placed  below  it. 
There  are  three  principal  forms  of  electrometer  invented  by  Sir  W.  Thomson. 
He  has  called  them  the  Absolute  Electrometer,  the  Quadrant  Electrometer,  and  the 
Portable  Electrometer. 

The  Absolute  Electrometer  consists  essentially  of  two  parallel  circular  plates 
attracting  one  another.  One  of  them,  the  upper  one,  is  suspended  from  one  arm 
of  a  balance  ;  the  other  is  capable  of  being  moved  to  a  greater  or  less  distance  from 
the-  first  by  means  of  a  micrometer  screw.  The  upper  disk  is  always  brought  to  a 
fixed  position  (which  can  be  very  accurately  determined)  by  means  of  the  attraction 
of  the  lower,  the  amount  of  attraction  being  regulated  by  the  distance  between  the 
two  plates.  It  is  thus  seen  that  the  electric  force  is  actually  weighed;  and  Sir  W. 
Thomson  has  given  formulas  by  means  of  which  the  difference  of  potentials  is  do- 
ducible  in  absolute  measure,  the  areas  of  the  plates  and  the  distance  between  them 
being  known. 

In  the  Quadrant  Electrometer  a  thin  aluminium  "needle"  (or  rather  elongated 
plate)  is  supported  by  a  bifilar  suspension  in  a  horizontal  position.  It  is  electrically 
connected  with  the  interior  coating  of  a  Leydcn  jar,  which  forms  part  of  the  instru- 
ment, and  arrangements  are  made,  by  means  of  a  replenisher,f  for  keeping  the 
charge  of  the  jar  constant.  The  "  needle  "  swings  inside  a  cylindrical  box  which 
has  been  divided  into  four  quadrants,  and  has  circular  apertures  at  the  top  and  bot- 
tom, through  which  the  suspension  of  the  needle  and  a  weight  attached  to  its  centre 
pass.     The  opposite  pairs  of  quadrants  are  connected  together  by  means  of  wires, 

*  Difference  of  electrio  potential  is  that  which  produces  electromotive  force,  and  electro* 
motive  force  tends  to  produce  a  flow  of  electricity  between  two  points  which  have  a  difference 
of  electric  potential.  The  words  "through  effects  of  elostrostatio  foroe,"  distinguish  between 
electrometers  and  galvanometers,  which  latter  measure  differences  of  electrio  potential  by 
means  of  electrodynamics  effects.  (See  Electromotive  Force;  Electrostatics  ;  Electrodynamics.) 
The  definition  in  the  text  is  quoted  from  the  report  of  Sir  William  Thomson  on  Electrometers 
and  Eleotrostatio  Measurement.  Report  to  the  British  Association  for  the  Advancement  of 
Science,  on  Standards  of  Electrio  Resistance,  1867. 

t  A  very  8m all  electrostatio  induction  eleotrio  machine  which  is  attached  to  each  instru- 
ment. 
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but  each  quadrant  is  insulated  from  those  adjacent  to  it.  By  means  of  "  electrodes," 
or  wires  which  proceed  one  from  each  of  the  pairs  of  quadrants,  a  charge  can  be 
communicated  to  one  or  other  of  the  pairs.  In  this  case  the  needle,  which,  we  have 
already  mentioned,  is  kept  electrified,  swings  round  the  axis  of  suspension  to  one 
side  or  the  other,  the  bifilar  suspension  acting  against  this  tendency  to  turn,  and 
causing  it  to  take  up  a  position  depending  upon  the  amount  of  charge  that  has  been 
given  to  the  quadrants.  To  measure  the  angle  through  which  the  needle  has  turned, 
the  same  arrangement  is  made  use  of  as  that  which  is  adopted  in  the  ease  of  the 
mirror  galvanometer.  A  small  mirror  is  attached  to  the  needle  and  turns  with  it. 
In  front  of  the  instrument  is  placed  a  horizontal  scale  with  a  slit  or  hole  in  the  mid- 
dle of  it.  A  lamp  which  is  set  behind  this  slit  sends  a  beam  of  light  to  the  mirror, 
and  the  light  reflected  falls  upon  the  scale.  By  reading  off  the  division  of  the  scale 
on  which  the  reflected  beam  falls,  the  angle  through  which  the  mirror  and  needle 
have  turned  is  determined. 

The  Portable  Electronometer.  In  this  instrument  there  are  two  parallel  disks  of 
brass,  the  lower  of  which  is  permanently  connected  with  the  inside  coating  of  a 
Leyden  jar,  and  the  other,  which  is  insulated  from  everything  except  a  wire  which 
proceeds  to  the  outside  of  the  instrument,  and  by  means  of  which  a  charge  can  be 
given  to  the  disk.  In  the  middle  of  the  lower  disk  there  is  a  square  hole  cut.  in 
which  a  scjuare  aluminium  plate,  much  on  the  priuciple  of  a  cart-weighing  machine, 
is  suspended,  except  that,  instead  of  levers  and  weights,  the  torsion  of  a  tightly 
stretched  platinum  wire  keeps  the  plate  in  position.  An  index  arm  proceeds  out  to 
the  circumference  of  the  disk,  and  with  the  aid  of  a  lens  it  is  possible  to  determine 
with  great  accuracy  when  the  index  is  in  its  proper  place.  On  giving  a  charge  to 
the  upper  plate,  attraction  or  repulsion  takes  place  between  it  and  the  lower,  the 
aluminium  plate  is  drawn  up  or  forced  down,  and  the  index  arm  exhibits  the  motion. 
The  upper  plate  is  then  moved  by  means  of  a  screw  to  a  greater  or  less  distance 
from  the  other  till  the  index  has  returned  to  position.  The  distance  between  the 
plates  is  read  off  on  a  scale  attached. 

Electro-Metallurgy  is  divided  into  two  branches — Elect  retyping,  which  is  em- 
ployed in  producing  copies  of  medals,  coins,  seals,  etc.,  and  Electroplating,  which  is 
the  art  of  covering  baser  metals  with  a  thin  coating  of  silver  or  gold  by  means  of 
electricity. 

Electromotive  Force  is  the  force  by  which  electricity  is  put  in  motion  ;  or,  in 
other  words,  the  force  which  causes  a  transfer  of  electricity  between  two  points  is 
called  the  electromotive  force  between  those  points.  According  to  Ohm's  law  the 
strength  of  an  electric  current,  which  is  measured  by  the  quantity  of  electricity 
that  flows  through  any  section  of  the  circuit  in  a  unit  of  time,  is  directly  propor- 
tional to  the  electromotive  force,  and  inversely  proportional  to  the  resistance.  Thus, 
if  the  resistance  be  kept  constant,  double  the  electromotive  force  will  produce  twice 
the  current,  will  effect  twice  as  much  electrolytic  decomposition  in  a  given  time  (see 
Electrolysis),  produce  twice  as  much  heat  (see  Current,  Heating  Effects  of),  or 
give  twice  as  great  electro-dynamic  effect  (see  Electro-dynamics,  Electro-magnet), 
will,  in  fact,  do  twice  as  much  work. 

A  current  cannot  exist  without  doing  work,  and  the  doing  of  work  presupposes 
force  ;  hence  the  origin  of  the  term. 

The  reader  may  cousult  Ohm's  Law,  and  for  full  information  as  to  the  connec- 
tion between  electricity  and  work :  a  **  Treatise."  by  Professor  J.  Clerk  Maxwell 
and  Professor  F.  Jenkin,  "  On  the  Elementary  Relations  between  Electrical  Mea- 
surements," British  Association  Report,  1HC3,  and  the  papers  of  Sir  "W.  Thomson  in 
the  Philosophical  Magazine,  particularly  December,  1851. 

Electromotor.  (Mnveo,  to  move.)  Any  arrangement  which  gives  rise  to  an  electric 
current,  snch  as  a  single  cell,  a  galvanic  battery,  or  a  thermo-electric  pile,  is  called 
an  Electromotor,  and  sometimes  a  rheomotor. 

Electro-Negative,  opposite  of  Elecfro-pnsifive,  which  see. 

Electrophorns.  («j>fp«,  to  bear.)  (Fig.  50.)  An  instrument  for  obtaining  elec- 
tricitv  bv  means  of  induction.  A  shallow  brass  or  tin  trav.  called  the  form,  of  con- 
venient  dimensions,  is  filled  with  a  compound  of  equal  parts  of  shell-lac.  resin,  and 
Venetian  turpentine.  The  ingredients  are  melted  together  and  poured  into  the 
form,  making  a  cake  three-quarters  of  an  inch  thick.  A  brass  plate  with  well- 
rounded  edges  is  made  to  cover  the  resinous  plate  very  nearlv,  but  without  approach- 
ing too  closely  the  edges  of  the  form.    It  is  furnished  witn  a  glass  handle,  which 
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stands  vertically  from  the  middle  of  the  plate,  and  by  means  of  which  it  can  be  lifted 
from  place  to  place.     To  obtain  electricity  by  means  of  the  electrophone  the 

resinous  plate  is  warmed,  and  briskly  struck  and  robbed 
Fig.  59.  with  a  warm,  dry  cat-skin  or  flannel.    It  thus  becomes 

negatively  electrified.  The  brass  plate  is  then  laid  upon 
the  resinous  plate.  Owing  to  its  rigidity,  it  only  touches 
the  resinous  plate  in  a  few  points.  These  become  nega- 
tively electrified  by  contact,  and  if  we  raised  the  plate  we 
should  obtain  a  slight  negative  charge.  By  far  the  greater 
part  of  the  plate,  however,  is  acted  upon  inductively  across 
the  thin  layer  of  air  lying  between  it  and  the  resinous  plate. 
Positive  electricity  is  attracted  towards  the  resinous  olate 
and  negative  electricity  set  free.  On  bringing  the  finger 
up  to  touch  the  plate,  therefore,  a  spark  will  be  perceived, 
and  the  negative  electricity  escapes,  according  to  the  common  language  on  the 
subject,  to  the  ground.  The  finger  is  now  removed,  and  the  plate  raised  by  means 
of  the  insulating  handle,  when  it  is  found  to  contain  a  charge  of  positive  electricity. 
For  many  purposes  the  electrophorus  is  a  very  convenient  instrument.  In  dry 
weather  the  charge  upon  the  resinous  plate  may,  and  often  does,  last  for  weeks. 

Electro-Photometer,  Masson's.  This  photometer  is  described  in  Watt's  Dic- 
tionary of  Chemistry,  vol.  iii.,  page  597.  It  consists  of  a  circular  disk  divided  into 
white  and  black  sectors  of  equal  size,  and  set  in  motion  by  clockwork  at  a  uniform 
rate  of  250  to  300  revolutions  in  a  second.  If  it  be  then  illuminated  by  a  constant 
source  of  light,  such  as  a  lamp,  it  appears  of  a  uniform  gray  tint,  in  consequence  of 
the  duration  of  the  visual  impression  on  the  eye ;  but  if  it  be  illuminated  by  a 
practically  instantaneous  light,  such  as  the  electric  spark,  the  black  and  white 
sectors  become  distinctly  visible,  and  appear  as  if  they  were  fixed,  because  they 
nave  not  time  to  move  through  a  sensible  angle  in  the  extremely  short  interval  dur- 
ing which  the  spark  continues.  If.  now,  the  intensity  of  the  light  afforded  by  the 
spark  he  gradually  diminished,  by  removing  it  to  a  greater  distance,  the  source  of 
constant  light  remaining  as  before,  the  increase  of  illumination  which  the  spark 
affords  to  the  disk  ultimately  becomes  too  feeble  to  render  the  sectors  visible,  so 
that  the -disk  still  continues  to  exhibit  a  uniform  gray  tint.  The  relative  intensities 
of  the  constant  and  instantaneous  lights  at  which  this  limit  is  attained  evidently 
depend  upon  the  number  of  the  sectors  and  the  velocity  of  revolution.  The  rela- 
tive intensities  of  two  electric  sparks  are  as  the  squares  of  the  distances  to  which 
thev  must  be  removed  from  the  disk  to  cause  the  sectors  to  disappear,  while  the  disk 
is  illuminated  by  a  constant  light.  On  the  other  hand,  to  use  the  instrument  for 
comparing  the  intensities  of  two  continuous  lights,  a  succession  of  electric  sparks  is 
made  1o  pass  in  front  of  the  disk,  and  one  of  the  constant  lights  is  made  to  approach 
it  till  the  sectors  cease  to  be  distinguishable.  The  same  experiment  being  then 
repeated  with  the  other  light,  the  intensities  of  the  two  are  as  the  squares  of  the 
distances  thus  determined.     (See  Photometer.) 

Electroplate.  In  electroplating,  articles  formed  of  the  baser  metals  are  covered 
with  a  coating  of  gold  or  silver  clcctro-chemically  deposited.  The  process  is  diffi- 
cult in  practice,  and  requires,  in  order  to  be  successfully  carried  on,  minute  atten- 
tion to  details.  We  give  here  a  general  account  of  it,  and  of  the  principle  on 
which  it  depends,  which  is  very  simple,  referring  the  reader  for  particulars  to  com- 
plete works  on  the  subject.  First,  with  regard  to  the  principle.  When  a  plate  of 
copper,  or  silver,  or  gold,  etc.,  is  attached  to  the  positive  pole  of  a  battery  and  im- 
mersed in  a  chemical  solution  of  the  same  metal,  such  as  sulphate  of  copper, 
cyanide  of  silver,  etc.,  any  conducting  material  attached  to  the  other  pole  and  placed 
opposite  the  first  in  the  same  solution  very  soon  becomes  coated  with  the  metal  used. 
1  he  metal  plate  is  gradually  eaten  away,  and  an  equal  quantity  of  the  metal  is 
deposited  upon  the  body  at  the  negative  pole.  This  is  the  foundation  of  the  process. 
We  shall  describe  electro-silvering.  The  articles  to  be  silvered  must  first  be  most 
carefully  cleaned  ;  they  are  generally  made  of  brass,  copper,  or  German  silver,  the 
last  being  preferable  to  either  of  the  others.  When  they  are  made  of  iron,  zinc,  or 
lead,  it  is  necessary  to  electroplate  them  with  copper,  since  the  silver  coating  does 
not  adhere  to  these  metals  properly.  They  are  nret  boiled  in  solution  of  caustic 
potash,  by  means  of  which  all  grease  is  dissolved,  and  -the  surface  made  uniformly 
conducting ;  to  remove  all  traces  of  oxide  they  are  next  washed  with  dilute  nitric 


ELECTRO-POSITIVE. 


269 


acid,  and  they  are  finally  scoured  with  fine  sand.  After  this  they  are  coated  with 
mercury  by  immersion  in  solution  of  nitrate  of  mercury ;  the  film  of  mercury  thus 
obtained  produces  perfect  adherence  of  the  silver  to  the  surface.  The  silvering  solu- 
tion consists  of  one  part  of  cyanide  of  silver  dissolved  in  a  solution  of  ten  parts  of 
cyanide  of  potassium  to  one  hundred  of  water,  and  is  placed  in  a  suitable  trough  in 
which  the  articles  to  be  silvered  hang  by  means  of  wires  from  bars  of  copper  ' 
stretching  across  the  trough.  These  bars  are  connected  with  the  negative  or  zinc 
pole  of  the  battery,  and  a  plate  of  silver  attached  to  the  other  pole  is  placed  in  the 
bath.  The  current  is  immediately  set  up,  and  silver  from  the  cyanide  is  deposited 
at  the  negative  electrode  ;  the  cyanogen,  which  is  set  free  at  the  positive  electrode, 
attacks  the  silver  plate  and  dissolves  it,  thus  keeping  the  strength  of  the  solution 
constant.  The  thickness  of  the  coat  depends  upon  the  length  of  time  during  which 
the  action  is  allowed  to  proceed.  The  articles  on  bein?  taken  out  of  the  solution 
and  dried  present  a  dull  whitish  appearance  ;  they  are  first  polished  by  means  of  a 
revolving  brush,  and  afterwards  burnished.  Electro-gilding  is  performed  in  pre- 
cisely the  same  way.  The  solution  used  consists  of  100  water,  10  cyanide  of  potas- 
sium, and  1  cyanide  of  gold,  and  it  is  kept  hot  during  the  process.  "When  differ- 
ent shades  of  gold  are  required,  plates  of  gold  alloyed  with  silver  or  copper  are 
employed.     For  platinizing,  too,  the  same  method  is  employed. 

Electro-Positive  and  Electro-Negative.  Elements  are  called  electro-positive, 
or  electro-negative,  with  regard  to  each  other,  in  any  combination,  according  as 
they  tend  to  go  during  electrolysis,  respectively,  to  the  negative  or  positive  elec- 
trode in  the  decomposing  cell.  (See  Electrolysis.)  Thus  a  list  may  be  formed 
in  which  any  body,  at  the  beginning,  is  electro-positive  with  regard  to  any  body 
which  precedes  it,  and  electro-negative  with  regard  to  any  body  which  succeeds  it ; 
that  is  to  say,  if  any  two  of  the  elements  be  combined  together,  and  then  submitted 
to  electrolytic  decomposition,  the  element  nearest  the  top  of  the  list  will  go  to  the 
positive  electrode,  or  that  connected  with  the  platinum  plate  of  the  battery.  The 
other  will  go  to  the  negative  electrode,  or  that  connected  with  the  zinc  of  the  bat- 
tery. The  following  list  by  Berzelius  is  extracted  from  Miller's  Elements  of  Chem- 
istry, vol.  i. ;  but  he  remarks  with  respect  to  it,  that  probably  it  is  not  strictly  cor- 
rect, at  least  in  the  case  of  hydrogen  and  aluminium ;  and  also  that  the  order  may 
to  a  certain  extent  alter  with  circumstances : — 

Electro-negative — 
Oxygen. 
Sulphur. 
Selenium. 
Nitrogen. 
Fluorine. 
Chlorine. 
Bromine. 
Iodine. 
Phosphorus. 
Arsenicum. 
Chromium. 
Vanadium. 

See  also  Grotthiis's  Hypothesis. 

Under  Affinity  and  Chemistry  was  noticed  that  force,  in  virtue  of  which  ele- 
mentary bodies  unite  to  form  compounds.  Long  before  the  discovery  of  the  pile  of 
Volta,  an  intimate  relation  was  all  but  proved  to  exist  between  electrical  forces  and 
affinity.  After  that  great  discovery,  Davy  established  the  relationship  by  many 
striking  proofs.  Grotthlis,  also,  in  1805,  referred  to  Yolta's  pile  as  "  an  electrical 
magnet  of  which  each  element,  that  is,  each  pair  of  plates,  has  a  positive  and  a  nega- 
tive poJp.  May  not  a  similar  polarity  come  into  play  between  trie  elementary  parti- 
cles of  water  when  acted  upon  by  the  same  electrical  agent  ?"  As  the  idea  became 
developed,  a  connection  of  polarities  was  established  in  crystalline  and  optical  phe- 
nomena. Thus,  in  reference  to  the  formation  of  crystals,  Berzelius,  in  1820,  wrote  : 
"  It  is  demonstrated,  that  the  regular  forms  of  bodies  presuppose  an  effort  of  their 
atoms  to  touch  each  other  by  preference  in  certain  points ;  tnat  is,  they  are  founded 
upon  a  polarity  which  can  be  no  other  than  an  electric  or  magnetic  polarity."  In 
the  application  of  this  idea  to  affinity,  the  chemical  elements  were  supposed  to  con- 


Molybdenum. 

Tunprten. 

Boron. 

Carbon. 

Antimony. 

Tellurium. 

Titanium. 

Silicon. 

Hydrogen. 

Gold. 

Platinum. 


Palladium. 

Zinc. 

Mercury. 

Manganese. 

Silver. 

Uranium. 

Copper. 

Aluminium. 

Bismuth. 

Magnesium. 

Tin. 

Calcium. 

Lead. 

Strontium. 

Cadmium. 

Barium. 

Cobalt. 

Lithium. 

Nickel. 

Sodium. 

Iron. 

Potassium. 

Electro-positive, 
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sist  of  particles  having  poles;  like  poles  repelling,  unlike  attracting  each  other. 
(See  Magnet.)  Two  bodies  with  opposite  properties,  such  as  an  acid  and  an  alkali, 
unite  with  energy  and  produce  a  neutral  compound,  just  as  positive  electricity  unites 
with  negative  and  produces  equilibrium. 

But  the  idea  of  polarity,  as  applied  to  chemical  affinity,  implies  something  more 
than  the  repulsion  of  like  poles,  and  the  attraction  of  unlike.  Faraday,  punning 
with  his  usual  originality  and  perseverance  the  track  opened  up  by  Davy,  was  satis- 
fied as  to  the  polar  nature  of  affinity,  but  saw  many  difficulties  in  carrying  out  the 
idea  of  particles  endowed  with  poles.  According  to  him,  chemical  synthesis  and 
analysis  must  take  place  by  virtue  of  equal  and  opposite  forces,  by  which  the  parti- 
cles are  united  or  separated.  "  These  forces,  by  the  very  circumstance  of  their 
being  polar,  may  be  transferred  from  point  to  point.  For,  if  we  conceive  a  string 
of  particles,  and  if  the  positive  force  of  the  first  particle  be  liberated  and  brought 
into  action,  its  negative  force  must  also  be  set  free.  This  negative  force  neutralises 
the  positive  force  of  the  next  particle,  and  therefore  the  negative  force  of  this  par- 
ticle (before  employed  in  neutralizing  its  positive  force)  is  set  free.  This  is,  in  the 
same  way,  transferred  to  the  next  particle,  and  so  on.  And  thus  we  have  a  posi- 
tive active  force  at  one  extremity  of  a  line  of  particles,  corresponding  to  a  negative 
force  at  the  other  extremity ;  all  the  intermediate  particles  reciprocally  neutralizing 
each  other's  action."  This  view  of  chemical  action  reduced  to  its  simplest  terms  is 
'*  an  axis  of  power,  having  contrary  forces  exactly  equal  in  opposite  directions."  (See 
Electrolysis;  Polarity.) 

Electroscope,  (<xxorti«,  to  look.)  An  instrument  for  observing  or  detecting  the 
existence  of  free  electricity,  and  in  general  for  determining  its  kind.  All  electro- 
scopes depend  for  their  action  on  the  elementary  law  of  electric  forces,  that  bodies 
similarly  charged  repel  each  other ;  bodies  dissimilarly  charged  attract.  The  com- 
mon electric  pendulum  may  be  used  as  an  electroscope,  but  for  most  purposes  it  is 
not  sufficiently  delicate. 

The  earliest  electroscope,  properly  so-called,  consists  of  a  pair  of  short  pieces  of 
straw  suspended  by  means  of  silk  threads.  When  not  in  use,  the  pieces  of  straw 
hang  down  touching  each  other.  On  touching  them  with  an  electrified  body,  they 
become  excited  and  stand  apart,  and  this  gives  us  a  test  for  electricity.  The  use  of 
the  diverging  straws  is,  however,  quite  superseded  by  the  gold-leaf  electroscope  which 
was  introduced  by  Bennct  in  1789. 

Bmnef's  Golit-Ijeaf  Electroscope.  (Fig.  60.)  A  glass  shade,  with  a  wide  mou*h 
at  the  top,  is  placed  on  a  convenient  wooden  stand.    The  mouth  is  closed  by  a  wooden 

stopper,  which  can.  if  necessary,  be  taken  out  and  put  iu  again 
Fig.  GO.  without  trouble.     Through  the  centre  of  the  wooden  stopper  passes 

vertically  a  tube  of  glass,  generally  varnished  with  sealing-wax  or 

£-      ^  shell-lac  to  improve  its  insulating  properties,  and  a  vertical  metallic 

H  rod  is  fixed  in  the  centre  of  the  glass  tube  by  means  of  silk  thread 

(^~0^  which  is  rolled  round  the  rod  and  acts  as  a  packing  to  keep  it  in  its 

Jr^i\       place.     The  lower  end  of  the  rod  terminates  in  a  small  flat  plate, 

\        k    ^m       *°  ^,e  81^08  °f  wn'cn  tw0  narrow  strips  of  gold-leaf  are  attached. 

|i      A\i  jl       an<l  aro  *uus  suspended  opposite  each  other.    The  upper  end  of  the 

III     sj^>  i       metallic  rod  is  furnished  either  with  a  circular  horizontal  plate  or 

U,'  !I       with  a  brass  knob.     A  small  dish  of  chloride  of  calcium  or  of  quick- 

JL^^^}|I       lime  ought  to  be  placed  inside  the  glass  shade;  the  air  will  thns 

K^^T^     be  kept  dry,  and  the  insulation  of  the  instrument  very  much  im- 

^L^     wf^P     proved. 

if  an  electrified  body  be  .brought  near  to  the  top  of  the  instru- 
ment, induction  takes  place ;  the  top  becomes  electrified  oppositely 
to  the  body  presented,  and  the  gold-leaves  similarly.  They,  both  possessing  the 
same  kind  of  electricity,  repel  each  other,  and  diverge  more  or  less  in  proportion  to 
the  strength  of  the  charge,  and  to  the  nearness  of  the  electrified  body.  We  are 
thus  enabled  to  detect  the  presence  of  free  electricity.  To  examine  the  nature  of  the 
electricity,  with  which  a  body  is  charged,  we  touch  with  the  finger  the  top  plate  of  the 
electroscope  while  it  is  under  the  influence  of  the  electrified  body ;  then  removing 
the  finger  and  carrying  the  electrified  body  away,  we  find  the  gold-leaves  remain 
divergent,  being  permanently  charged ;  and  we  know,  from  the  laws  of  induction, 
that  they  possess  the  opposite  kind  of  electricity  to  that  presented.  An  electrified 
glass  rod,  which  is  positive,  and  stick  of  sealing-wax,  which  is  negative,  are  now 
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■accessively  brought  near  the  top  plate,  one  of  them  will  make  the  leaves  diverge 
more,  and  the  other  will  diminish  the  divergence.  For  that  which  contains  electri- 
city similar  to  theirs,  by  induction,  increases  their  charge ;  and  that  which  contains 
the  opposite  kind,  by  induction,  diminishes  their  charge.  Knowing,  in  this  way,  the 
kind  oi  electrification  of  the  gold-leaves,  we  know  also  the  kind  of  electrification  of 
the  body  which  we  were  required  to  test.  Sometimes  the  gold-leaf  electroscope  is 
furnished  with  a  scale  placed  behind  the  gold-leaves,  in  order  to  measure  the  angle 
of  divergence  of  the  leaves,  and  hence  infer  the  amount  of  charge.  Such  an 
Arrangement  is,  however,  of  little  use.  The  electroscope  cannot  be  used  as  an  elec- 
trometer. 

The  Single  Gold-Leaf  Electroscope  is  employed,  in  some  cases,  to  indicate  plight 
charges.  A  metal  rod,  arranged  exactly  as  in  the  last,  carries  a  single  fine  gold  leaf, 
which  hangs  between  two  vertical  plates,  either  of  metal  or  of  gilded  wood.  Two 
horizontal  wires  which  support  these  plates,  pass  through  the  glass  shade  of  the 
electroscope,  and  are  thus  insulated.  They  are  terminated  by  binding  screws  to 
which  the  terminals  of  a  galvanic  battery  of  two  or  three  cells,  may  be  attached. 
One  of  the  plates  is  thus  kept  electrified  positively,  and  the  other  negatively.  If 
then  a  charge  of  any  kind  be  communicated  to  the  gold-leaf,  by  means  of  the  top 
plate,  the  gold-leaf  will  tend  to  move  to  one  or  other  side,  being  attracted  by  one  of 
the  plates,  and  repelled  by  the  other. 

Volta's  Condensing  Electroscope  consists  of  a  Bennet's  gold-leaf  electroscope, 
which  has  the  top  plate  covered  with  a  thin  layer  of  shell-lac  varnish.  On  the  top 
of  this  is  placed  a  second  metallic  plate  furnished  with  an  insulating  handle.  For 
fuller  description  and  use,  see  Condenser. 

Bohnenberger's  Electroscope  is  excessively  delicate.  It  is  a  condensing  electro- 
scope having  a  single  gold  leaf  suspended  from  the  metallic  rod.  At  equal  distances 
from  the  gold  leaf,  and  on  opposite  sides  of  it,  are  placed  the  opposite  poles  of  two 
dry  piles  which  stand  vertically  within  the  glass  shade  of  the  apparatus.  A  charge 
oeing  given  to  the  gold  leaf,  it  is  attracted  by  one  of  the  poles  and  repelled  by  the 
other;  and  the  greatest  sensitiveness  is  obtained  by  the  arrangement.  Sec,  for 
farther  information,  Bohnenberger's  Electrometer. 

Electrostatics  treats  of  the  phenomena  occasioned  by  electricity  at  rest ;  and  in 
connection  with  them  of  the  production  and  discharge  of  stationary  charges  of  elec- 
tricity. A  large  portion  of  that  which  is  generally  included  under  the  head  electro- 
statics in  consecutive  treatises  on  electricity  will,  according  to  the  plan  of  this  work, 
be  found  under  the  following  heads:  Electricity ;  Electric  Machine;  Induction, 
Electrostatic;  Discharge ;  Dissipation;  and  others  to  be  indicated  throughout 
this  article.  Here  we  propose  to  consider  the  laws  of  force  depending  on  electricity 
at  rest,  and  the  laws  of  electric  distribution. 

Electric  Force.  The  general  and  primary  law  of  electric  attraction  and  repulsion 
is  that  similarlyclectrified  bodies  repel  one  another,  dissimilarly  electrified  bodies 
attract  (See  Electricity.)  Thus  a  positively  electrified  body  repels  another  posi- 
tively electrified  body,  but  attracts  one  negatively  charged.  From  this  law  also, 
and  from  the  laws  of  electrostatic  induction  (q.  v.),  follows  the  attraction  of  a  neutral 
body  by  a  body  charged  either  positively  or  negatively.  For  we  know  that  if  an 
electrified  body  be  brought  near  to  one  not  electrified,  induction  takes  place ;  on  the 
side  of  the  latter  nearest  to  the  electrified  body,  the  opposite  kind  of  electricity  to 
that  possessed  by  it  is  developed ;  and  on  the  remote  side  an  equal  amount  of  the 
like  kind.  But,  as  we  shall  see  directly,  the  nearer  the  bodies  the  greater  the  electric 
force ;  hence  the  attraction  due  to  the  unlike  kinds  of  electricity  near  to  each  other 
is  greater  than  the  repulsion  due  to  the  like  kind  at  the  greater  distance,  and  on  the 
whole  predominates.  A  similar  consideration  explains  attraction  taking  place  be- 
tween two  similarly  electrified  bodies  when  brought  very  near  to  each  other. 

To  the  genius  and  experimental  skill  of  Coulomb,  we  owe  the  complete  investiga- 
tion, the  discovery,  and  the  statement  of  the  quantitative  laws  of  electric  attraction 
and  repulsion.  The  chief  apparatus  which  he  employed  for  his  experiments  on  the 
subject  was  his  celebrated  Torsion  Balance,  a  full  description  of  which,  as  modified 
bv  Faraday,  who  also  used  it  for  the  same  purpose,  will  be  found  in  a  separate  article 
("Balance.  Torsion).  It  is  sufficient  for  our  present  purpose  to  state  that  it  consists 
of  a  horizontal  arm  of  non-conducting  material,  carrying  a  small  gilt  ball  at  one  end 
and  a  counterpoise  at  the  other,  and  suspended  by  a  very  delicate  wire,  the  torsion 
of  which  is  the  force  against  which  the  electric  forces  arc  tried.     Another  exactly 
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similar  gilt  ball,  which  wo  shall  call  the  carrier,  is  capable  of  being  put  into  a  definite 
position,  and  the  attraction  and  repulsion  between  these  two  balls  is  compared  with 
the  angle  of  torsion  of  the  vertical  wire.  The  carrier  ball  is  charged  with  electricity 
and  put  into  its  proper  position,  and  the  other  ball  allowed  to  touch  it  The  eleo- 
tricity  from  the  exact  similarity  of  the  two  balls  divides  itself  equally  between  them, 
repulsion  takes  place,  and  the  movable  ball  swings  round,  till  it  assumes  a  position 
such  that  the  torsion  of  the  wire  which  tends  to  return  it  to  its  former  place,  is 
exactly  equal  to  the  repulsion  at  that  distance  between  the  two  balls.  The  distance 
being  then  altered,  so  also  is  the  angle  of  torsion,  and  by  comparing  together  the 
distances  and  the  forces  of  torsion,  or  what  is  the  same  thing  the  forces  of  repulsion, 
the  law  of  the  latter  at  different  distances  is  obtained.  To  investigate  the  laws  of 
attraction  the  movable  ball  is  charged  with  a  certain  kind  of  .electricity,  and  placed 
at  a  known  distance  from  the  position  of  the  carrier.  The  carrier  is  now  introduced 
charged  with  the  opposite  kind  of  electricity,  and,  attraction  taking  place,  the  torsion 
necessary  to  return  the  movable  ball  to  its  initial  position  is  determined.  The  same 
experiment  being  tried  for  different  positions  of  the  movable  ball  the  law  is  known. 
To  determine  in  what  manner  the  attraction  and  repulsion  depend  upon  the  amount 
of  the  charge  it  is  necessary  to  be  able  to  communicate  to  the  balls  charges  of  a 
given  magnitude,  or  at  least  charges  obeying  some  law.  Coulomb's  method  of  doing 
this  was  to  have  a  third  ball  equal  and  similar  to  the  other  two,  and  by  means  of 
repeated  contacts  with  one  or  both  of  them,  discharging  the  third  ball  each  time,  to 
subdivide  the  charges  upon  them  to  any  required  extent. 

By  means  of  the  apparatus  and  methods  just  described,  Coulomb  arrived  at  the 
following  beautifully  simple  laws : — 

(1)  The  force  of  attraction  or  repulsion  varies  with  the  amounts  of  electricity 
upon  the  balls  conjointly. 

(2)  The  force  of  attraction  or  repulsion  varies  inversely  with  the  square  of  the 
distance  between  the  balls. 

If  then  we  take  as  unit  quantity  of  electricity,  that  quantity  which  attracts  or 
repels  an  equal  quantity  placed  at  unit  distance  with  unit  force,*  we  obtain  a  num- 
ber which  expresses  the  magnitude  of  the  force  of  attraction  or  repulsion  by  multi- 
plying together  the  numbers  which  express  the  quantities  of  electricity  upon  the 
balls  and  dividing  tho  product  by  the  square  of  the  distance.  The  two  laws  are 
therefore  expressed  by  the  following  simple  formula.  Let  F  denote  the  force  of 
attraction  or  repulsion ;  let  Q,  Q'  be  the  quantities  of  electricity  upon  the  two  balls, 
and  let  D  be  the  distance  between  them ;  then 

F-QxQ'. 

and  if  to  the  numbers  Q,  Q',  the  signs  (+)  and  ( — )  be  prefixed  according  as  the 
electricity  upon  the  respective  balls  is  positive  or  negative,  then  the  force  will  be 
attractive  or  repulsive,  according  as  the  sign  of  F  is  negative  or  positive. 

The  mathematical  theory  of  attraction  commenced  by  Coulomb  was  attacked  and 
largely  extended  by  Poisson;  but  the  most  complete  and  general  investigations 
were  those  of  Green  of  Nottingham,  1828.  These  lay  unread  and  unknown  till 
after  the  principal  theorems  had  been  re-discovered  by  M.  Chasles  and  by  Sir  Wil- 
liam Thomson,  both  independently ;  and  till  they  were  fortunately  after  long  inquiry 
brought  to  light  bv  the  latter.  For  information  on  this  subject  we  refer  the  reader 
to  the  papers  of  Thomson  in  the  Cambridge  and  Dublin  Mathematical  Journal,  re- 

?ublishcd  in  the  Philosophical  Magazine ;  those  of  Chasles  in  the  Journal  de  l'Ecole 
'olytcchniquc ;  and  to  a  Treatise  on  Natural  Philosophy,  by  Thomson  and  Tait 

*  In  electrical  measurements  the  kinetic  or  absolute  unit  of  force  is  always  made  use  of, 
and  it  is  defined  as  the  force  which,  acting  on  unit  of  mass  for  unit  of  time,  generates  unit 
of  velocity.  Unit  of  velocity  being  "  that  of  a  point  which  describes  unit  of  space  in  unit 
of  time, "  it  will  be  seen  that  the  unit  of  force  depends  only  upon  the  nnits  of  space,  mo*?, 
and  time,  which  are  chosen  arbitrarily.  The  unit  of  space  adopted  by  electricians  is  the 
centimetre  (0.3937  of  an  inch) ;  the  unit  of  mass  is  the  gramme  (15.43  grains)  ;  and  the  unit 
of  time,  the  second.  Thus  definitely,  unit  of  force  is  that  force  whioh,  acting  for  one  second 
on  a  mass  of  one  gramme,  generates  in  it  a  velocity  of  one  oentimetre  per  second;  and  unit 
quantity  of  electricity  is  that  quantity  which  placed  at  a  distance  of  one  oentimetre  from  an 
equal  quantity  attracts  or  repels  it  with  unit  of  foroe.  The  number  981.4  expresses  the  force 
of  gravity  in  terms  of  the  unit  we  have  just  explained. 


ELECTROSTATICS.  273 

2.  The  Distribution  of  Electricity  on  the  surface  of  a  conductor  we  shall  now 
briefly  consider.  In  the  case  of  a  non-conductor,  the  distribution  is  necessarily 
arbitrary,  for,  the  property  of  a  non-conductor  being  that  it  prevents  the  motion  of 
electricity  over  its  surface,  and  throughout  its  mass  (see  Conduction;  Conductor; 
Electricity),  wherever  electricity  is  placed  by  any  means,  in  the  firet  instance,  there 
it  most  remain  till  it  is  removed  by  some  external  influence.  On  a  conductor,  how- 
ever, the  electricity  is  free  to  move  from  place  to  place ;  and  since,  as  we  have  seen, 
any  two  like  portions  of  electricity  repel  each  other,  it  will  readily  be  understood, 
that  just  as  water,  whose  surface  is  free  to  move,  arranges  itself  according  to  a 
definite  law,  being  influenced  by  gravitation,  so  does  a  quantity  of  electricity  under 
the  influence  of  the  forces  of  its  different  parts. 

A  fundamental  law  of  electric  distribution  on  a  conductor  is,  that  the  whole  of 
the  electricity  resides  in  an  excessively  thin  layer  at  the  external  surface;  none 
whatever  being  found  throughout  the  mass  or  on  interior  surfaces  of  the  body. 
Various  experiments  show  this.  Let  a  metal  globe  be  suspended  by  an  insulating 
string,  and  electrified,  and  let  two  metal  hemispherical  covers,  made  to  fit  it  and 
provided  with  insulating  handles,  be  put  over  it,  inclosing  it  completely,  and  touch- 
ing it.  On  removing  the  covers  it  will  be  found  that  they  are  electrified,  the  elec- 
tricity having  passed  from  the  metal  ball  to  their  surfaces ;  and,  farther,  not  the 
slightest  trace  of  electricity  can  be  discovered  on  the  ball  itself.  Again,  if  two  ex- 
actly equal  spheres  be  taken,  one  of  them  made  of  solid  metal,  and  the  other  of  glass, 
or  other  non-conducting  material,  and  covered  with  the  finest  gold-leaf,  and  if  one  be 
electrified  and  touched  with  the  other,  the  electricity  divides  itself  between  them, 
and  no  electrostatic  test  will  distinguish  between  the  amount  of  electricity  possessed 
by  the  one  and  the  amount  possessed  by  the  other ;  which  shows  that  the  capacity 
of  a  spherical  surface  of  the  finest  gold-leaf  is  as  great  as  that  of  a  globe  of  equal 
diameter,  composed  of  Bolid  metal.  If  an  ice-pail  be  insulated  and  charged,  and 
then  tested  by  means  of  Coulomb's  proof  plane  (a.  vX  which  consists  of  a  small 
disk  of  metal  or  gilt  paper  attached  to  an  insulating  handle,  it  will  be  found  that 
the  electricity  is  on  the  external  surface  of  the  ice-pail,  and  that  no  indication  can 
be  obtained  of  the  existence  of  electricity  on  any  internal  point.  Metallic  shells  of 
various  forms,  perforated  so  as  to  admit  the  proof-plane  or  other  testing  body,  are 
also  used  instead  of  the  ice-pail,  and  with  the  same  result. 

From  these  experiments,  and  many  others,  which  might  be  mentioned  did  limits 
permit,  we  conclude  that,  in  the  case  of  a  charged  conductor,  the  whole  of  the  elec- 
tricity is  distributed  in  an  extremely  thin  layer  at  the  surface. 

The  slightest  examination  will  show  that  the  distribution  of  electricity  at  the  sur- 
face of  a  conductor  depends  upon  the  form  of  the  surface.  Thus  a  cylinder,  whose 
length  is  considerable  compared  to  its  diameter,  will  be  found  to  have  the  greater 

Sart  of  its  electricity  at  the  two  ends  and  but  little  in  the  middle.  The  quantitative 
^termination  of  the  distribution  of  electricity,  from  point  to  point,  was  undertaken 
by  Coulomb  in  several  cases,  and  the  complete  agreement  of  his  experiments  with 
the  theoretical  results  obtained  by  Poisson  forms  the  most  beautiful  confirmation  of 
the  accuracy  of  the  experiments,  on  the  one  hand,  and  of  the  truth  of  the  laws  on 
which  the  mathematical  theory  of  electricity  is  founded,  on  the  other.  The  follow- 
ing was  the  method  which  Coulomb  made  use  of.  The  theory  of  the  proof  plane 
shows  that  when  the  thin  conducting  disk  is  placed  upon  a  conductor,  and  then  re- 
moved, it  carries  away  an  amount  of  electricity,  which  corresponds  to  what  Coulomb 
cilia  the  electric  density,  at  the  point  at  which  it  is  applied ;  that  is.  the  quantity 
of  electricity,  per  unit  area,  at  tnat  point.  In  fact,  the  process  of  applying  the 
proof  plane  and  carrying  it  away,  is  exactly  the  same  as  if  we  could  cut  out  the 
small  portion  of  the  conductor  which  covers  it,  and  carry  it  away.  (See  Proof  Plane.) 
Coulomb  applied  the  proof  plane  to  point  after  point  of  the  body  he  was  examining, 
and  carrying  it  each  time  to  the  torsion  balance  determined,  by  this  means,  the  elec- 
tric density  at  each.  A  few  of  the  simpler  results  obtained  by  him  are  here  stated. 
Upon  an  insulated  sphere,  uninfluenced  by  want  of  symmetry  of  bodies  external  to 
it  (see  Induction),  equal  areas  contain  equal  amounts  of  electricity  at  every  point. 
Upon  an  oblate  spheroid,  or  egg-shaped  body,  the  electricity  is  found  concentrated 
towards  the  poles,  and  removed  from  the  equator.  The  amount  of  this  concentra- 
tion depends  upon  the  relative  lengths  of  the  axes ;  and.  in  the  case  of  a  very  elong- 
ated body,  almost  all  the  electricity  will  be  found  at  the  two  ends,  while  it  will  be 
scarcely  discoverable  in  the  middle.  Again,  in  a  prolate  spheroid,  or  body  flattened 
18 
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at  the  poles,  like  an  orange,  the  electric  density  will  be  greatest  at  the  equator,  and 
least  at  the  poles.  In  a  general  way  it  may  be  stated,  that  on  the  parts  most  remote 
from  the  mass  of  the  body,  the  electricity  is  most  concentrated. 

The  subject  of  the  distribution  of  electricity  is  beset  with  difficulties,  both  to  ex- 
perimenters and  the  mathematicians.  Among  the  former  are,  besides  Coulomb, 
Cavendish  and  Faraday ;  and  among  the  latter,  Poisson,  Green,  Chasles,  Liouville, 
and  Thomson.  The  papers  of  Coulomb  are  published  in  the  Histoire  de  l'Academie, 
1788 ;  those  of  Faraday,  in  his  Experimental  Researches  (Transactions  of  the  Royal 
Society  from  1837,  and  afterwards  republished).  For  the  mathematical  theory,  the 
reader  may  consult  the  papers  of  Thomson  in  the  Philosophical  Magazine,  and  the 
Cambridge  and  Dublin  Mathematical  Journal. 

Electrotype.  By  the  process  of  electrotyping,  a  coating  of  metal  is  deposited 
elect ro-chemically  upon  a  prepared  surface,  and  a  copy  is  thus  obtained  of  such 
articles  as  medals,  coins,  seals,  etc.  It  is  usual  to  make  these  copies  in  copper ; 
other  metals  can,  however,  be  deposited  in  this  manner.  If  a  plate  of  metal  or  other 
conducting  substance  be  attached  to  the  negative  or  zinc  pole  of  a  battery,  and  a 
plate  of  copper  to  the  other,  and  if  both  be  immersed  without  touching  each  other  in 
a  saturated  solution  of  sulphate  of  copper,  the  copper  plate  is  gradually  eaten  away, 
and  an  equivalent  quantity  of  copper  is  deposited  at  the  other  pole  on  the  plate  at- 
tached to  it.  The  current  passing  through  the  liquid  decomposes  the  sulphate  of 
copper  (see  Electrolysis)  into  copper,  which  is  deposited  at  the  negative  pole,  and 
sulphion  (S04)  which  is  set  free  at  the  other  pole.  The  sulphion  then  attacks  the 
copper  plate  which  forms  the  electrode.  The  latter  is  eaten  away,  and  new  sulphate 
of  copper  is  formed.    This  is  the  principle  on  which  electrotyping  depends. 

When  a  medal  or  other  article  is  to  be  copied,  a  cast  of  it  is  generally  taken  in 
gutta-percha,  wax,  fusible  metal,  or  some  material  which  gives  a  sharp  impression 
of  the  original,  and  a  copper  wire  is  fastened  into  this  form  while  it  is  still  soft  If 
it  be  made  of  wax  or  gutta-percha  the  face  of  it  is  then  carefully  brushed  over  with 
the  finest  plumbago  till  a  complete  conducting  surface  is  obtained,  care  being  taken 
to  make  communication  between  the  surface  thus  produced  and  the  copper  wire. 
The  form  is  then  attached  to  the  negative  pole  or  a  very  weak  battery,  and  the 
other  pole  to  a  plate  or  a  lump  of  copper,  ana  both  are  immersed  in  saturated  solu- 
tion of  sulphate  of  copper.  A  current  of  electricity  passes,  and  the  form  is  soon  per- 
ceived to  be  covered  with  a  thin  coating  of  bright  copper ;  which  becomes  thicker 
and  thicker  as  the  action  goes  on.  When  the  requirea  thickness  has  been  attained 
the  action  is  stopped,  and  it  is  easy  with  the  point  of  a  knife  to  separate  the  copper 
plate  from  the  mould.  A  perfect  reverse  copy  even  of  the  minutest  details  is  found 
ou  the  side  of  the  copper  which  was  next  the  form. 

It  is  not  necessary  even  to  use  a  separate  battery  in  this  process ;  the  plates  them- 
selves are  now  very  frequently  made  to  form  their  own  battery.  The  following  is 
the  way  in  which  this  is  done.  To  the  mould,  prepared  as  before,  is  attached  by  a 
sufficiently  long  wire  a  plate  of  zinc.  The  mould  is  put  in  a  vessel  containing  sat- 
urated solution  of  sulphate  of  copper,  and  an  extra  supply  of  crystals  besides ;  the 
zinc  plate  is  placed  in  a  porous  vessel  within  the  first  vessel,  and  surrounded  with 
dilute  sulphuric  acid.  The  sulphuric  acids  attacks  the  zinc,  and  causes,  as  will 
readily  be  understood,  a  deposition  of  copper  on  the  mould.  The  principle  of  the 
action  is  precisely  that  of  the  Daniell's  battery  (q.  v.). 

Elements.  In  astronomy,  the  quantities  whose  determination  defines  the  path  of 
a  planet  or  other  celestial  body,  and  enables  us  to  compute  the  place  of  such  body  at 
any  past  or  future  epoch.  The  following  table  contains  the  elements  of  the  larger 
planets,  and  of  the  satellites.  The  elements  of  the  asteroids  would  occupy  more 
space  than  can  be  spared  in  such  a  work  as  the  present,  but  the  general  character- 
istics of  the  asteroidal  orbits  are  dealt  with  under  the  head  Asteroids. 
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Ear* 
Man 


Jupiter 

SfctBTH 

Uranus 


■ 

5 


Dtstaaoo  from  the  8un  In  miles.* 


88,892,000 

66,134,000 

91,430,000 

139,311,000 

47^691000 


Greatest. 


42,669,000 

66,586,000 

92,963,000 

152,304,000 


Least. 


Longitude  of 
Perihelion. 


28,116,000   75° 
65,682,000  129 
89,897,000,100 
126,318,000  333 


498,639,000 
872,137,0001  920,973,000 
1,733,669,000  1,835,661,000 
2,745,996,000  2,771,190,000  2,720,806,000 


452,746,000 
823,301,000 
1,672,177,000 


11 

90 

168 

47 


V    0.0* 
23    66.0 
21    40.0 
17    50.6 
•  •  •  • 
64    63.1 

6  12.0 
16  45.0 
14    37.3 


Annual 
Variation. 


+  5.81" 
—  8.24 
+11.24 
+15.46 


■ 

t 


6.65 

19.31 

2.28 


Longitude  of 

ascending 

node. 


46°  Stf  8.8" 

76  19  4.2 

0  0  0.0 

48  22  44.8 

98  64**20.5 

112  21  44.0 

73  14  14.4 

130  6  61.6 


Annual 
Varia- 
tion. 


—10.07" 
—20.60 

•  •  •  • 

—25.22 

•  •  •  • 

—15.90 
—19.64 
—36.06 


« 

I 

Mean 

Distance. 

Earth's 

ael. 

Eccentri- 

81dereal 
Revolution 

Synodieal 
Revolution 

Inclination 

Annual 

Mean  daily 

city. 

— in  days. 

—in  days. 

of  orbit. 

Variation. 

motion. 

Mercury 

0.387099 

0.206618 

87.9693 

115.877 

7°    0*     8.2* 

+0.18 
+0.07 

14732.419" 

Venae 

0 

0.723332 

0.006833 

224.7008 

683.920 

3    23    30.8 

6767.668 

Berth 

£ 

1.000000 

0.016771 

366.2564 

•  •  •  • 

0      0      0.0 

•  •  •  • 

3548.193 

Mare 

<t 

L623691 

0.093262 

686.9797 

779.936 

1    61      6.1 

—0.01 

1886.618 

Asteroids 

•  • 

•  •  •  • 

e  •  •  • 

•  •   •    •    • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

m  m  •  • 

Jupiter 

% 

6.202798 

0.048239 

4332.5848 

398.867 

1    18    40.3 

—0.23 

299.129 

Saturn 

9.638852 

0.056996 

10759.2198 

378.090 

2    29    28.1 

—0.15 

120.455 

Uranne 

m 

19.182639 

0.046578 

30686.8208 

369.656 

0    46    29.9 

+0.03 

42.233 

Beptune 

* 

30.036970 

0.008720 

60126.7200 

367.488 

1    46    59.0 

•  •  •  • 

21.406 

All  the  above  dements  are  for  the  commencement  of  the  year  1850. 


Diameter. 

Light  received  from 

Apparent 
at  mean 
distance 

Volume. 
Earth's 

Mass. 

Earth's 

Density. 
Earth's 

sun  at 

In  miles. 

asl. 

asl. 

asl. 

Perihelion. 

Aphelion. 

from  earth. 

Sun  . 

1934.20" 

852,908 

1262691.000 

315,000.000 

a  25 

•  •  e  • 

. . .  • 

Mercury  . 

6.90 

8,058 

0.058 

0.065 

1.12 

10.58 

4.60 

Venue 

16.94 

7,610 

0.855 

0.885 

1.03 

1.94 

1.91 

Berth 

•  •  •  • 

7,912 

LOOO 

1.000 

1.00 

1.034 

0.967 

Mars 

6.46 

4,363 

0.168 

0.118 

0.70 

0.524 

0.360 

▲steroids. 

••  •  • 

.  •  *  • 

.... 

•  e  •  • 

. .  ■  • 

•  •  •  • 

•  •  •  • 

Jupiter    . 

87.91 

84,846 

1233.206 

800.860 

0.24 

0.0408 

0.0336 

Saturn 

17.62 

70,136 

696.686 

89.692 

0.13 

0.0123 

0.0099 

Uranus    . 

8.91 

33,217 

74.199 

12.650 

0.17 

0.0027 

0.0026 

Heptane  . 

2.80 

87,276 

106.575 

16.773 

0.16 

0.0011 

0.0011 

^Compression. 

O  rarity. 
Earth's  as  1. 

Bodies  fall  in 
one  second. 

Time  of  rotation 
upon  axis. 

Inclination  of 

equator  to 

orbit. 

Sun 

Mercury 

Venns 

•  •  •  • 

•  9   •  • 

•  •    •  • 

27.107 
0.432 
0.982 

436.287 

6.953 

15.805 

607h.  48m.   0s. 
24       6      28 
23      21      15 

7°  20'  00" 

Earth      . 

1 

asiss 

1.000 

16.095 

23      56       4 

23    27    24 

Mare 

l 
at 

0.387 

6.229 

24      37      23 

28    27      0 

Asteroids 

.... 

e  •  •  • 

•  •  •  • 

*  •  •  • 

Jupiter  . 

l 

lS.it 

2.611 

42.024 

9      55      26 

3      6    30 

Saturn    . 

1 
t.44 

1.141 

18.364 

10      29      17 

26    48    40 

Uranus   . 
Beptune . 

•  •  • 
•  •  •  • 

0.716 
0.756 

11.624 
12.168 

9      30 

*  These  distances  and  all  other  elements  depending  on  the  distance  of  the  sun  are  such  aa 
result  on  the  assumption  thai  the  sun's  equatorial  horizontal  parallax  is  8.94",  and  are  taken 
from  Dr.  Dnnkin'a  excellent  Appendix  to  Lardncr's  Handbook  of  Astronomy. 
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The  vernal  equinox  of  four  planets,  whose  inclination  is  known,  when  they  aw 
severally  in  the  following  heliocentric  longitude : — 


The  earth  in  longitude,  .  108°    0'  0" 
Mars  "  .    79°  15'  0" 


Jupiter  in  longitude, 
Saturn 


H 


314P  <r  fj" 
16T>  4'  5" 


Elements  of  the  Moon. 

Mean  distance  from  the  earth  in  miles      ....  238,800 

Mean  sidereal  revolution  in  days 27.321661 

Mean  synodical  revolution  in  days 29.530589 

Mean  longitude,  January  1st,  1801           ....  118P  17'    8.3" 

Mean  longitude  of  perigee,  at  same  date                 .        .  266°  W    7.5" 

Mean  longitude  of  ascending  node,  at  same  date      .        .  13°  53/  17.7* 

Mean  inclination  of  orbit 5°    8'  47.9" 

Mean  revolution  of  nodes  in  days 6793.391080 

Mean  revolution  of  apogee  in  days 3232.575343 

Mean  eccentricity  of  orbit 0.054900708 

Mass  (earth's  as  1) 0.011364 

Diameter  in  miles     ....                ...  2164.6 

Density  (earth's  as  1) 0.556 

Density  (that  of  water  as  1) 3.37 

Gravity,  or  weight  of  one  terrestrial  pound     .        .        .  0.16 

Bodies  fall  in  one  second,  in  feet 2.6 

Diameter  (earth's  as  1) 0.264 

Inclination  of  axis 1<>  30*  10.8" 

Maximum  evection 1°  20'  29.9" 

Maximum  variation 35'  42.0" 

Maximum  annual  equation 11'  12.0" 

Maximum  horizontal  parallax 1°    1'  24.0" 

Mean  horizontal  parallax 53'  48.0" 

Greatest  apparent  diameter 33'  31.1" 

Mean  apparent  diameter 31'     7.0" 

Least  apparent  diameter 29'  21.9" 

Elements  of  Jupiter's  Satellites. 


No. 


l. 

2. 
3. 
4. 


Slderal 
Revolution. 


Id.  18b.  20m. 
3     13       4 
7        3      43 
19      16      32 


Distance  in 

Radii 
of  Jupiter. 


6.05 

9.62 

15.35 

26.99 


Inclination  of 

orbit  to  T" 

equator. 


C  7" 

1  6 

6  3 

0  24 


Diameter 


Apparent. 


1.02* 
0.91 
1.49 
1.27 


In  miles. 


2352 
2009 
3436 
2929 


Mass,  that  of 
Jupiter  being  1. 


0.000017328 
0.000023235 
0.000038497 
0.000042659 


Elements  of  Saturn's  Satellites. 


No. 

Sideral 
Revolution. 

Distance  in 
Radii  of  h- 

Diameter  in 
mile*. 

Eccentricity. 

DlsooYerer. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Od.  22b.  S7m. 
1        8      53 

1  21      18 

2  17      41 
4      12      25 

15      22      41 
21        7       7 
79        7      53 

3.360 
4.312 
6.339 
6.839 
9.552 

22.145 

28. 

64.359 

1000 

600 

500 

1200 

3300 

1800 

0.06889 

0.0051 

0.02 

0.02269 

0.029223 

0.115 

Sir  Wmu  HerscbeL 
J.  D.  CaaainL 

M                 « 
M                 U 

C.  Huvghens. 

W.  Bond  and  W.  LaaselL 

J.  D.  CaaainL 
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Elements  of  Saturn's  Rings,  January  1, 1865. 


Longitude  of  ascending  node  on  ecliptic 

Inclination 

Exterior  diameter  of  outer  ring  in  miles 
Interior  diameter  of  outer  ring  in  miles 
Exterior  diameter  of  inner  ring  in  miles 
Interior  diameter  of  inner  ring  in  miles 
Interior  diameter  of  dark  ring 
Breadth  of  outer  bright  ring     . 
Breadth  of  division  between  rings 
Breadth  of  inner  bright  ring 
Breadth  of  dark  ring 
Breadth  of  system  of  bright  rings 
Breadth  of  entire  system  of  rings 
Space  between  planet  and  dark  ring 


167Q  43'  29" 

280  lO*  22" 

166,920 

147,670 

144,310 

109,100 

91,780 

9,625 

1,680 

17,605 

8,660 

28,910 

37,570 

9,760 


These  values  have  been  deduced  by  the  present  writer  from  a  comparison  of  the 
best  observations  and  measurements  available  for  the  purpose,  and  he  has  made  them 
the  basis  of  calculations  respecting  the  phenomena  of  the  ring  as  seen  by  the  Satur- 
nians.  The  results  of  these  calculations  are  embodied  in  Table  XI.  of  "  Saturn  and 
its  System."  Although  the  above  values  are  not  to  be  regarded  as  rigidly  exact, 
it  is  probable  that  they  afford  a  very  close  approximation  to  the  true  dimensions  of 
the  ring  system. 

Elements  of  Uranus'  Satellites. 


No. 

Sidereal 
Revolution. 

Distance  in 
Radii  of  IjL 

Maximum 
Elongation. 

Discoverer. 

1. 

% 
3. 

4. 

2d.  12n.  28m. 
4       S      27 
8      16      63 
13      11        8 

7.44 
10.37 
17.01 
22.76 

12* 
lfl 
33 
49 

W.  Lassell. 

0.  Strove. 

Sir  W.  Heraehel. 
«<            «< 

We  have  no  satisfactory  elements  of  other  four  satellites  discovered  by  Sir  W. 
Heraehel,  but  not  seen  since  his  time. 

Elements  of  Neptune's  Satellite. 
Discovered  by  W.  LasseU. 


Sidereal 
Revolution. 

Distance  In 
Radii  of  Neptune. 

Maximum 
Elongation. 

fid.   21a.    8m. 

12.00 

18" 

yirnnonf^  Ijffc  q^  with  principal  chemical  and  physical  constants. 
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Hements,  Magnetic.    See  Magnetic  Elements. 

Spectra  of  the.    When  rendered  incandescent  by  the  induction  spark 


in  a  Qetslers  Tube,  each  element  gives  a  spectrum  of  the  second  order  (Hug- 
ging), consisting  of  colored  lines  of  light  separated  from  each  other  by  dark  inter- 
vals. These  spectra  are  perfectly  definite  and  invariable  when  produced  under  similar 
circumstances ;  they  may  therefore  be  used  as  a  test  for  the  presence  of  any  clement. 
The  most  complete  research  on  this  subject  is  that  of  Mr.  Huggins  (sec  Phil.  Trans., 
1864,  p.  139).  His  memoir  is  accompanied  by  a  very  elaborate  map.  (See  Spectra  ; 
Fraunhofer's  Lines,) 

Elevation.  In  astronomy,  the  angular  height  of  a  celestial  body  above  the  hori- 
zon. The  term  altitude  is  more  commonly  employed,  except  when  the  elevation  of 
the  pole  of  the  heavens  is  referred  to. 

Elliptical  Polarization.    See  Circular  Polarization. 

Elongation,  (e.  from ;  and  longus,  long.)  The  angular  distance  of  a  planet  from 
the  sun,  or  of  a  satellite  from  its  primary,  viewed  from  the  earth. 

Emersion,  (emergo,  to  emerge.)  The  re-appearance  of  any  celestial  body  which 
has  been  eclipsed  or  occulted.  The  term  is  commonly  limited  to  the  re-appearance 
of  a  star  after  occultation  by  the  moon,  and  to  the  re-appearance  of  Jupiter's  satel- 
lites. 

Emissive  Theory  of  Light*    See  Corpuscular  Theory  of  Light. 

Emery.    See  Aluminium. 

Emnlsin.  A  white  friable  opaque  substance  obtained  both  from  sweet  and  bitter 
almonds,  and  possessing  the  property  of  a  ferment  Under  its  influence  amygdalin 
is  split  up  into  hydride  of  benzoyl,  hydrocyanic  acid,  and  glucose.  Its  composition 
is  not  known.  Lmulsin  is  called  synaptase  by  some  chemists.  (See  Almonds,  Oil 
of  Bitter  ;  Amygdalin.) 

Encke's  Comet.  A  well-known  comet  of  short  period,  the  first  of  the  class  ever 
recognized.  Encke,  who  established  the  periodic  character  of  this  body's  motion, 
also  detected  the.fact  that  its  successive  returns  to  perihelion  are  accelerated  by  a 
short  interval  of  time,  from  which  circumstance  he  was  led  to  conclude  that  the 
comet's  motions  are  retarded  (and  so  its  period  shortened)  by  the  resistance  of  an 
ethereal  medium. 

Endless  Screw.  A  screw  fixed  so  as  to  be  only  capable  of  rotating  about  its 
own  axis,  and  associated  with  a  toothed-wheel,  the  axis  of  which  is  usually  perpen- 
dicular to  that  of  the  screw.  The  teeth  of  the  wheel  are  set  so  as  just  to  agree  with 
the  obliquity  of  the  threads  of  the  screw  which,  as  it  rotates,  takes  up  the  teeth  one 
after  another,  and  so  makes  the  wheel  revolve  about  its  axis.  As  tte  teeth  never 
iret  to  the  end  of  the  screw,  but  keep  up  a  constant  succession,  the  term  4i  endless" 
has  been  applied  to  the  contrivance.  Where  the  endless  screw  is  turned  by  a  winch 
handle,  and  acts  on  a  wheel  and  axle  employed  to  raise  weights  like  a  windlass,  the 
advantage  gained  is  eaual  to  the  product  of  the  separate  advantages,  (1)  of  the  lever 
(arm  of  the  wheel)  ana  the  screw;  (2)  of  the  wheel  and  axle.  (See  Compound  Ma- 
chines; Wheel  and  Axle  ;  Screw.)  The  adjustment  screws  of  optical  instruments 
are  usually  endless  screws. 

Energy.  («*,  within ;  and  ipyw,  work.)  Inherent  power  to  perform  work.  The 
term  received  its  scientific  meaning,  namely,  the  power  of  a  machine  or  moving  body 
to  do  work  against  some  force  such  as  gravity,  from  Dr.  Young.  Energy  is  of  two 
kinds,  kinetic  (from  xw^ro*,  moving)  and  potential.  Kinetic  energy  is  the  actual 
amount  of  work  a  moving  body  is  capable  of  doing  at  any  instant  during  its  motion. 
It  may  be  estimated  as  soon  as  the  mass  and  velocity  are  known.  A  body  of  given 
mass,  moving  with  given  velocity,  must  be  capable  of  performing  the  same  amount 
of  work,  whatever  the  direction  of  motion,  and  whatever  the  opposing  force.  Let  us 
snppoee  the  direction  to  be  vertical,  and  consequently  the  force  against  which  the 
work  is  done  to  be  gravity.  The  body  will  rise  with  gradually  decreasing  speed 
until  its  velocity  is  spent.  Now  the  height  to  which  a  body  started  with  an  initial 
velocity  will  rise  is  found  by  dividing  the  square  of  the  velocity  by  twice  the  accel- 
eration due  to  gravity ;  and  the  height  in  feet  multiplied  by  the  weight  of  the  body 
in  pounds  will  give  the  number  of  units  of  work  accumulated  in  the  body  at  start- 
ing. Hence  the  kinetic  energy  of  a  moving  body  is  measured  by  the  product  of  the 
weight  in  pounds  by  the  square  of  the  velocity  divided  by  twice  the  acceleration  due 
to  gravity. 

When  the  moving  body  reaches  the  highest  point  of  its  course,  its  kinetic  energy 
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is  spent.  The  body  is  not,  however,  in  the  same  condition  as  at  starting.  If  free  to 
fall  to  its  first  position,  it  will  acquire  a  kinetic  energy  exactly  equal  to  that  which 
has  been  expended  in  raising  it.  Thus  the  energy  of  motion  has  not  been  lost,  but 
has  been  converted  into  an  advantage  of  position.  This  advantage  has  been  aptly 
termed  by  Professor  Sir  W.  Thomson  Potential  Eneray.  As  the  kinetic  energy 
of  a  body  diminishes,  its  potential  energy  increases,  and  the  sum  of  the  two  is  there- 
fore constant.    (See  Conservation  of  Energy.) 

Not  only  is  a  body  capable  of  performing  work  in  consequence  of  its  motion,  but 
also  by  means  of  its  condition  with  regard  to  heat  and  light,  its  electrical  state,  and 
its  molecular  arrangement,  and  in  the  widest  sense  of  the  term  all  these  sources  of 
work  are  included  under  the  term  energy ;  hence  there  will  be  as  many  different 
kinds  of  energy  as  there  are  kinds  of  force  capable  of  performing  work.  Forces 
may  be  divided  into  two  classes,  those  capable  of  producing  perceptible  motion,  and 
those  which  act  only  between  the  molecules  of  the  body ;  hence  there  are  two  great 
divisions  of  energy,  Visible  Energy  and  Molecular  Energy,  To  the  first  class 
belong  the  kinetic  energy  of  a  body  in  visible  motion,  and  the  potential  energy  of  a 
body  suspended  in  a  position  from  which  it  may  be  let  fall.  There  is  visible  poten- 
tial energy  in  a  watch  newly  wound  up,  in  a  bent  cross-bow,  and  in  a  head  of  water. 
To  the  second  division  belong  the  forms  of  energy  arising  from  electricity,  light, 
heat,  and  chemical  action.  Each  of  these  kinds  resolves  itself  into  two  divisions,  one 
analogous  to  the  kinetic  energy  of  a  moving  body,  and  the  other  to  its  energy  of 

Sosition.  For  instance,  when  a  current  of  electricity  is  passing  along  a  wire  it  will 
eflect  a  magnetic  needle,  so  that  the  needle  will  no  longer  point  N.  and  S.,  but  will 
set  itself  across  the  current,  and  by  passing  round  a  bar  of  soft  iron,  it  will  cause  the 
bar  to  become  a  magnet,  and  powerfully  to  attract  pieces  of  steel  or  iron  near  it  The 
energy  of  electricity  in  motion  may  be  termed  actual  or  kinetic.  When  two  electri- 
fied bodies  are  suspended  near  one  another  they  will  repel  or  attract  one  another 
according  as  they  are  charged  with  like  or  unlike  electricities ;  hence  two  such  bodies 
possess  an  advantage  with  regard  to  electrical  separation  which  may  be  termed  poten- 
tial energy.  Again,  radiant  heat  and  light  is  a  species  of  actual  energy  which  passes 
through  space  with  an  enormous  velocity,  and  produces  motion  in  the  molecules  of 
the  bodies  which  intercept  it.  The  energy  resulting  from  the  expansion  of  a  body  in 
consequence  of  heat  is  potential.  The  energy  stored  up  in  the  sulphur,  saltpetre, 
and  charcoal  which  form  gunpowder  is  an  example  of  the  potential  energy  due  to 
chemical  separation.    The  following  is  therefore  a  table  of  tne  kinds  of  energy : — 


Visible  energy, 
Molecular  energy, 


Electricity. 
Heat 
„  Chemical  action. 


Kunrnc. 


Dae  to  risible  motion. 
Dae  to  electricity  in  motion. 

Badiant  heat  and  light,  ab- 
sorbed heat. 
Doe  to  actual  chemical  action. 


POTBVTIAL. 


Dae  to  a  position  of  advantage. 
Dae  to  electrical  separation   or 

opposite  electrical  states. 
Potential  energy  of  absorbed    ' 

heat. 
Due  to  chemical  arrangement 


(See  Transmutation  of  Energy.) 

Engine.  (Fr.  engin;  from  L.  ingenium.)  Any  compound  machine  composed 
of  different  parts  intended  to  apply  the  principles  of  the  mechanical  powers.  (See 
Steam-Engine,  Heat-Engine,  Gras-Engine.) 

Enif.     (Arabic.)     The  star  t  of  the  constellation  Pegasus. 

Endosmose.  (*vbw,  within,  and  *>o>io$,  impulsion.)  The  passage  of  a  liquid  or 
gas  through  a  porous  diaphragm  inwards,     (bee  Osmose.) 

Epact.  (trfax'fof,  added.)  In  chronology  this  term  indicates  the  date  of  the  first 
new  moon  of  the  year.  Thus,  if  the  first  new  moon  occur  on  January  10,  the  epact 
for  the  year  is  10.  As  12  lunar  months  contain  354  days,  or  11  short  of  365,  the 
epact  for  the  following  year  will  be  10  +  11  or  21,  unless  the  year  be  bissextile,  in 
wnich  case  the  epact  will  be  22.  The  epact  is  now  chiefly  used  for  ecclesiastical 
purposes. 

Ephemeris.  (fywuptf,  a  diary.)  An  astronomical  table  predicting  the  place  of 
a  celestial  object  day  after  day.  In  the  Nautical  Almanac,  the  French  Connois- 
sance  des  Temps,  the  Berlin  Jahrbuch,  and  the  American  Nautical  Almanac,  care- 
fully computed  ephemerides  of  the  sun,  moon,  and  planets  are  published  three  or 
four  years  in  advance. 
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EpipoHo  Bifpendoiu    See  Fluorescence. 

SpnnitO.    Bee  Sulphates,  Magnesium. 

SjMOm  Saltt.    See  Sulphates,  Magnesium. 

Bpoeh.  flWjtw,  to  stop.)  In  astronomy,  the  moment  of  time  to  which  the  ele- 
ments of  a  planet's  orbit  arc  referred. 

Equation.  In  astronomy,  any  number  or  quantity  that  has  to  be  applied  to  the 
mean  value  of  another  number  or  quantity  to  obtain  the  true  value.  (See  Equation, 
Personal;  Equation  of  the  Centre;  Equation  of  Time.) 

Equation  OX  Centre.  The  apparent  motion  of  the  sun  along  the  ecliptic  is  not 
uniform,  because  the  earth  moves  with  variable  angular  velocity  round  him.  When 
the  earth  is  in  aphelion,  the  sun  seems  to  move  most  slowly,  because  the  earth  is 
really  moving  with  her  least  angular  velocity ;  and  on  the  contrary,  when  the  earth 
ie  in  perihelion,  the  son  appears  to  move  most  swiftly.  The  actual  daily  motion  of 
the  sun  in  the  ecliptic  varies  thus  between  the  values  0°  57'  11.50",  and  1°  I'  9.90"; 
hie  mean  motion  being  0°  59*  58.64".  Now  supposing  that  an  imaginary  sun  were 
to  travel  uniformly  round  the  ecliptic  in  the  same  time  as  the  real  sun,  both  starting 
together  from  the  point  where  the  sun  is  in  perihelion,  it  is  obvious  that  the  real  sun 
would  at  first  pass  in  advance  of  the  imaginary  one,  but  that  as  they  approached 
the  point  where  the  sun  is  in  aphelion,  the  imaginary  sun  would  gain  on  the  real 
one,  and  they  would  reach  that  point  together ;  after  passing  that  point  the  imagi- 
nary snn  would  be  in  advance,  but  as  they  approached  their  starting-point,  the  real 
sun  would  gain  on  the  imaginary  one,  and  they  would  reach  that  point  together. 
The  apparent  distance  separating  the  centres  of  the  two  suns  is  called  the  Equation 
of  the  ventre;  and  has  to  be  considered  in  comparing  real  and  mean  solar  time. 
(See  Equation  of- Time.)    The  equation  of  the  centre  never  exceeds  1°  55'  33.3". 

Equation  of  Equinoxes.  The  position  of  the  equator  on  the  ecliptic  is  continu- 
ally shifting  backwards  (see  Precession),  but  not  at  a  uniform  rate.  A  mean  rate 
of  motion  is  therefore  assumed,  and  the  correction  due  for  the  variation  from  uni- 
formity is  given  in  the  Nautical  Almanac,  and  other  such  works,  for  every  ten  days. 
This  correction  is  called  the  Equation  of  the  Equinoxes. 

Equation  of  Tune.  A  correction  which  has  to  be  applied  to  apparent  solar  time, 
to  determine  mean  solar  or  civil  time,  and  to  mean  time  to  determine  apparent  time. 
If  the  sun  travelled  uniformly  along  the  equator,  mean  and  apparent  time  would 
coincide ;  as  he  travels  with  variable  velocity  on  the  ecliptic,  they  differ.  Now  as 
respects  his  variable  velocity,  the  reader  will  see  by  a  reference  to  Equation  of 
Centre  what  its  effects  are ;  but  so  far  as  they  influence  the  correction  for  time,  a 
few  words  must  be  added.  Supposing  there  were  no  other  correction  than  this,  and 
we  selected  the  epoch  of  the  earth's  perihelion  passage  as  that  on  which  true  and 
mean  time  coincided.  Then  we  have  seen  that  the  snn  passes  in  advance  of  the 
place  due  to  his  mean  motion ;  and  since  it  is  the  sun's  motion  in  the  ecjiptic  which 
causes  the  solar  day  to  exceed  the  sidereal  day  (for  this  motion  takes  place  in  a 
direction  contrary  to  that  of  the  diurnal  rotation),  we  see  that  the  faster  the  sun 
moves,  the  longer  the  true  solar  day  becomes,  and  that  so  long  as  the  sun  is  in  ad- 
vance of  his  mean  place  he  comes  later  to  the  meridian,  so  that  when  the  true  sun 
shows  noon  it  is  really  past  noon.  Hence  until  the  earth  is  in  aphelion  the  correction 
on  apparent  time  is  additive.  It  is  equally  clear  that  while  the  earth  is  moving 
from  aphelion  to  perihelion,  the  correction  on  apparent  time  is  subtractive.  Thus 
so  far  as  the  sun's  variable  motion  in  the  ecliptic  is  concerned,  we  have,  from  the 
beginning  of  January  to  the  beginning  of  July,  an  additive  correction,  and  through 
the  rest  of  the  year  a  subtractive  correction.  Next,  as  to  the  sun's  oblique  motion. 
Supposing  that  in  this  case,  for  convenience,  we  regard  the  apparent  and  mean  time 
as  coincident  when  the  sun  is  at  the  solstices  and  equinoxes.  Then  starting  from 
the  winter  solstice,  we  see  that  the  true  sun  passes  in  advance  of  the  mean  sun  in 
right  ascension,  because  he  is  travelling  athwart  the  circles  of  declination  where 
they  are  nearer  together  than  on  the  equator ;  but  as  he  nears  the  equator  he  travels 
more  slowly  than  the  mean  sun  in  right  ascension,  because  he  travels  athwart  the 
circles  of  declination  obliquely  and  where  they  are  nearly  as  far  apart  as  on  the 
equator."  On  the  equator  the  true  and  mean  sun  come  together.  Thence  to  the 
summer  solstice  the  true  sun  is  behind  the  mean  sun  ;  thence  to  the  autumnal  equi- 
nox in  advance ;  and  thence  to  his  starting-place,  at  the  winter  solstice,  behind. 
Thus  we  get:  From  the  winter  solstice  to  the  vernal  equinox,  an  additive  equation; 
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thence  to  the  summer  solstice  a  snbtractive  one ;  thence  to  the  autumnal  equinox  an 
additive  one ;  and  finally,  thence  to  the  winter  solstice,  a  snbtractive  one. 

Combining  this  result  with  the  former,  calling  the  correction  due  to  the  sun's 
variable  velocity  A,  and  that  due  to  his  oblique  course  B,  and  supposing  for  the 
moment  that  the  earth  is  in  perihelion  at  the  winter  solstice  (which  is  not  far  from 
the  truth),  we  get  from  the  winter  solstice  to  the  vernal  equinox  A  and  B,  both 
additive,  A  passing  from  0  to  its  maximum,  B  from  0  through  its  maximum  to  0 
again ;  thence  to  the  summer  solstice  A  is  additive,  B  snbtractive,  A  passing  from 
its  maximum  to  0,  B  from  0  through  its  maximum  snbtractive  value  to  0  again ; 
thence  to  the  autumnal  equinox  A  is  snbtractive  and  B  additive,  A  passing  from 
0  to  its  maximum,  B  from  0  through  its  maximum  additive  value  to  0  again ;  and 
lastly,  thence  to  the  vernal  equinox,  A  and  B  are  both  snbtractive,  A  passing  from 
its  maximum  to  0,  and  B  from  0  through  its  maximum  to  0  again.  According  to 
this  arrangement,  we  should  have  the  winter  solstice  and  the  summer  solstice  at  two 
epochs  when  the  equation  of  time  was  nil,  and  the  equation  would  also  vanish  in  the 
course  of  spring  and  summer,  through  the  equality  and  contrary  character  of  A  and 
B.  As  a  matter  of  fact,  owing  to  the  non-coincidence  of  the  earth's  perihelion  with 
the  winter  solstice,  there  is  not  this  simple  relation.  Somewhere  between  the  winter 
solstice  and  the  date  of  the  earth's  perihelion  passage,  the  equation  of  time  is  nil; 
this  happens  on  or  about  Christmas-day ;  and  the  equation  again  vanishes  on  or 
about  June  16  ;  the  equation  vanishes  also  on  or  about  April  16  and  September  1. 
The  four  maxima  are  unequal ;  their  character  and  amount  are  as  follows :  On  Feb- 
ruary 11  an  additive  maximum  equation  of  14m  31s;  on  May  14,  a  subtractive  maxi- 
mum equation  of  3m  53* ;  on  July  16,  an  additive  maximum  equation  of  6"  13" ;  and 
lastly,  on  November  3,  a  subtractive  maximum  equation  of  about  16m  19*,  the  abso- 
lute maximum  for  the  year. 

Equation,  Personal.  In  astronomy,  a  correction  applied  to  time-intervals  de- 
pending on  observations  made  by  different  persons.  In  noting  the  occurrence  of  a 
given  astronomical  event,  different  observers  will  make  errors  which  differ  in  char- 
acter or  extent.  One  observer  will  record  the  event  too  soon,  another  too  late,  or 
the  average  error  made  by  two  observers,  both  of  whom  anticipate  the  event,  or  fail 
to  record  it  in  time,  will  be  found  to  be  different.  Now,  when  it  is  possible,  by  com. 
paring  a  long  series  of  observations  made  by  two  astronomers,  to  determine  the 
average  difference  between  the  errors  likely  to  be  made  by  each,  it  becomes  possible 
to  make  an  important  correction  of  time-intervals  depending  on  their  combined  ob- 
servations. Thus  suppose  A  records  an  event  as  having  happened  at  a  certain  time, 
while  B  records  another  event  as  having  happened  10  minutes  later.  Now  if  we 
know  that  in  recording  the  same  event,  A  would  anticipate  B  by  1  second,  we  con- 
clude that  if  either  A  or  B  had  observed  both  events,  the  time-interval  would  have 
been  9m  59\  instead  of  10m,  whether  A  or  B  be  the  more  exact  observer.  This  then 
is  the  estimated  interval  between  the  occurrences  of  the  two  events,  and  1"  is  the 
relative  personal  equation  between  the  two  observers.  When  we  have  the  means 
of  learning  what  actual  error  an  observer  is  likely  to  make,  we  can  also  apply  to  his 
observations  a  correction  equivalent  to  this  error.  This  correction  would  be  his 
absolute  personal  equation. 

Equator,  Celestial.  (AZquus,  equal.)  In  astronomy  the  great  circle  on  the 
heavens  which  has  for  poles  the  intersection  of  the  earth's  axis  of  rotation  with  the 
celestial  sphere.  When  the  sun  is  on  the  equator  the  day  is  equal  to  the  night  for 
all  places  on  the  earth's  surface.  Hence  the  name  of  this  great  circle.  Right  ascen- 
sion is  measured  along  the  equator  from  the  first  point  of  Aries.  Declination  is 
measured  from  the  equator  along  declination  circles,  either  towards  the  north  or 
south  pole.    The  equator  is  sometimes  called  the  equinoctial. 

Equatorial.  In  astronomy,  a  term  applied  to  a  telescope  which  has  its  fixed  axis 
directed  to  the  pole  of  the  heavens,  so  that  the  telescope  may  be  made  to  follow  a 
star  by  a  single  motion. 

Equatorial  Horizontal  Solar  Parallax.    See  Parallax. 

Equator,  Magnetic  A  line  which  pretty  nearly  coincides  with  the  geographical 
equator,  and  at  every  point  of  which  the  vertical  component  of  the  earth's  magnetic 
attraction  is  zero — that  is  to  say,  a  dipping  needle  carried  along  it  remains  horizon- 
tal.   It  is  hence  called  the  Aclinic  Line.    (See  Aclinic.) 

Equator,  Terrestrial  The  great  circle  on  the  earth  which  is  at  right  angles  to 
the  polar  axis,  and  so  divides  the  earth  into  two  hemispheres — the  northern  and  the 
soutnern. 


EQUILATERAL. EQUINOCTIAL.  285 

Srailfttanl.FriflllL  (jEquua,  equal,  and  lotus,  a  side.)  A  prism,  the  section 
of  which,  perpendicularly  to  its  axis,  is  an  equilateral  triangle.  This  form  and  the 
iioscelea  prism  are  those  usually  employed  to  effect  the  prismatic  decomposition  of 
light 

Equilibrium.  (From  cequus,  equal,  and  libra,  a  balance.)  The  state  of  rest  of 
a  point  or  body  acted  on  by  a  system  of  mutually  counteracting  forces.  Any  rela- 
tion between  the  forces  which  can  only  exist  when  there  is  equilibrium,  and  which 
moat  exist  in  order  that  there  may  be  equilibrium,  is  termed  the  condition  of  equi- 
librium. The  condition  that  two  forces  acting  on  a  particle  shall  keep  it  at  rest,  is 
that  the  forces  be  equal  and  opposite.  The  condition  of  equilibrium  for  three  forces 
may  be  expressed  in  various  ways :  The  resultant  of  any  two  of  the  forces  must  be 
equal  and  opposite  to  the  third;  if  a  triangle  be  formed  by  lines  parallel  to  the  di- 
rections of  toe  forces,  the  sides  will  be  proportional  to  the  forces.  When  any  system 
of  forces  in  one  plane  acts  on  a  point  at  rest,  if  the  forces  be  resolved  into  two  sets 
in  directions  at  right  angles  to  one  another,  the  forces  acting  in  either  direction  must 
be  an  equilibrium  amongst  themselves.  When  the  forces  are  not  in  the  same  plane, 
the  same  condition  holds,  with  regard  to  three  directions,  at  right  angles  to  one 
another.  When  the  forces  are  parallel,  and  in  one  plane,  in  order  that  there  may  be 
equilibrium,  the  sum  of  the  moments  of  the  forces  about  any  point  in  their  plane 
must  be  zero.  When  the  forces  act  on  a  rigid  body,  there  are  usually  two  condi- 
tions of  equilibrium,  the  one  being  the  conditiou  that  the  body  shall  not  have  a 
motion  of  translation,  and  the  other  that  it  shall  not  have  a  motion  of  rotation.  For 
example,  the  conditions  of  equilibrium  of  a  lever  arc — first,  that  the  fulcrum  shall 
be  strong  enough  to  bear  the  pressure  upon  it ;  and.  secondly,  that  there  shall  be  no 
tendency  in  the  lever  to  turn  about  the  fulcrum ;  hence  the  resistance  of  the  fulcrum 
most  be  equal  to  the  sum  of  the  power  and  weight,  and  the  moment  of  the  power 
about  the  fulcrum  must  be  equal  to  the  moment  of  the  weight  When  a  body  is 
suspended  from  a  point,  the  resistance  of  the  point  must  be  equal  to  the  weight  of 
the  body,  aud  the  vertical  through  the  point  must  contain  the  centre  of  gravity  of* 
the  body.  The  same  two  conditions  hold  when  a  body  rests  on  a  point.  If  a  body 
rest  on  more  than  one  point  in  the  same  plane,  the  resistances  at  these  points  will  be 
parallel  forces,  and  will  therefore  have  a  single  resultant  parallel  to  them.  The  di- 
rection of 'this  resultant  will  lie  within  the  base  formed  by  the  points,  hence  a  condi- 
tion of  equilibrium  is  that  the  vertical  through  the  centre  of  gravity  of  the  body 
must  fall  within  the  base. 

The  force  required  to  move  a  body  may  vary  with  the  position  of  the  body.  Let 
a  prism  rest  on  a  horizontal  plane,  and  let  it  be  turned  about  one  edge.  The  centre 
of  gravity  will  describe  a  circle,  and  the  force  required  to  move  the  prism  will  de- 
crease as  the  centre  of  gravity  ascends ;  in  other  words,  the  stability  of  the  body 
decreases  as  the  centre  of  gravity  rises.  When  the  centre  of  gravity  arrives  at  a 
position  vertically  over  the  edge,  the  body  reaches  the  limit  of  stability.  The  equi- ' 
fibrinm  is  mathematically  possible  in  this  position,  but  the  slightest  force  would 
destroy  it,  and  when  slightly  disturbed  the  body  would  fall  away  from  the  position. 

When  a  body  in  equilibrium  would  return  to  its  original  position,  if  slightly  dis- 
placed the  equilibrium  is  said  to  be  stable  ;  when  the  body  would  fall  away  from  its 
first  position,  if  slightly  displaced  the  equilibrium  is  said  to  be  unstable  ;  when  there 
is  neither  a  tendency  to  return  to,  nor  to  fall  away  from  the  first  postion.  the  equi- 
librium is  neutral.  There  is  equilibrium  only  when  the  centre  of  gravity  occupies 
the  highest  or  lowest  possible  position,  and  the  equilibrium  is  stable  in  the  first,  and 
unstable  in  the  second.  In  the  case  of  neutral  equilibrium,  as,  for  instance,  when  a 
sphere  rests  on  a  horizontal  plane,  the  centre  of  gravity  is  neither  raised  nor  lowered 
by  moving  the  body. 

SqninootiaL    Bee  Equator,  Celestial,  and  Equinox. 

Equinoctial  Points.  The  points  in  which  the  ecliptic  intersects  the  celestial 
equator.  The  point  in  which  the  ecliptic  passes  to  the  north  of  the  equator  corres- 
ponds to  the  vernal  equinox  (see  Equinox),  and  is  called  the  first  point  of  Aries. 
The  point  in  which  the  ecliptic  passes  to  the  south  of  the  equator  corresponds  to  the 
autumnal  equinox,  and  is  called  the  first  point  of  Libra.  Owing  to  precession,  the 
equinoctial  points  shift  retrogressivelv  along  the  ecliptic ;  so  that,  for  example,  the 
first  point  or  Aries  now  falls  within  the  constellation  Pisces,  the  first  point  of  Libra 
within  the  constellation  Virgo.    A  complete  revolution  is  affected  in  25,808  years. 

Equinoctial  lima.    Time  may  sometimes  be  conveniently  referred  to  the  passage 
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of  the  first  point  of  Aries  across  the  equinox.    This  is  called  equinoctial  time,  to 
distinguish  it  from  local  time. 

Equinox.    (jEquus,  equal ;  and  nox,  nipht.)    The  period  when  the  sun^  crosses 
the  celestial  equator.    His  passage  from  south  to  north  of  the  equator,  which  occurs  on 


period  of  the  autumnal  equinox.  Owing  to  the  ellipticity  of  the  earth's  orbit, 
the  interval  between  the  vernal  and  the  next  autumnal  equinox  is  nearly  eight  days 
greater  than  the  interval  between  the  autumnal  and  the  next  vernal  equinox ;  for 
the  earth  passes  her  perihelion  in  mid-winter,  and  then  moves  most  swiftly  in  her 
orbit,  whereas  in  mid-summer  she  passes  her  aphelion,  and  moves  most  slowly.  It  is 
necessary  to  remark  that  for  the  southern  hemisphere  the  vernal  and  autumnal  equi- 
noxes are  interchanged  -r  and  the  southern  summer  is,  of  course,  shorter  than  the 
southern  winter. 

Equulens.  (The  Little  Horse.)  One  of  Ptolemy's  northern  constellations.  It 
lies  close  by  Delphinus,  and  is  equally  insignificant. 

Erbium.  A  very  rare  metallic  element  accompanying  Yttrium  and  Terbium ; 
no  method  of  separating  them  accurately  is  known.  Its  salts  appear  to  be  colorless, 
and  to  crystallize  well,  Dut  their  properties  are  almost  unknown.  Symbol  Er.  The 
atomic  weight  has  not  been  determined.  According  to  Bunsen,  the  oxide  Erbia 
when  ignited  in  a  6pirit-lamp  gives  a  spectrum  consisting  of  luminous  bands.  Mr. 
Huggins  has  recently  shown  that  some  other  earths  possess  this  property.  Chem. 
News,  Oct.  7th,  1870. 

Erecting  Eye-piece.  This  form  of  eye-piece  is  generally  used  for  terrestrial  tele- 
scopes, ana  is  seldom  employed  for  microscopes  or  astronomical  telescopes.  It  con- 
sists of  an  ordinary  negative  eye-piece,  in  front  of  which  two  lenses  are  placed  which 
erect  the  inverted  image  formed  by  the  object  glass,  the  negative  eye-piece  then 
enables  the  observer  to  view  this  erect  image.     (See  Eyepiece,  and  Telescope.) 

Eriometer.  («p«w,  fibre ;  /wrpw,  a  measure.)  An  instrument  proposed  by  Dr. 
Young  for  measuring  the  diameters  of  minute  particles  and  fibres ;  it  depends  upon 
the  diffraction  fringes  formed  by  the  object  to  be  measured.  As  these  fringes  increase 
with  the  size  of  the  object  it  is  not  difficult  to  form  a  scale  of  measurement  based  on 
this  principle.     (See  Fringes.) 

Eridannj.  One  of  Ptolemy's  southern  constellations.  It  ranges  over  a  great 
extent  of  sky,  following  a  winding  course  from  the  preceding  foot  of  Orion,  past  the 
paws  of  Cetus,  towards  the  keel  of  Argo.  The  principal  star  of  this  constellation, 
the  brilliant  Achernar,  is  not  visible  in  our  latitudes. 

Errai.    (Arabic.)    The  star  y  of  the  constellation  Cepheus. 

Escapement.  In  horology,  the  name  given  to  that  part  of  the  mechanism  by 
which  the  circular  motion  of  the  wheels  is  converted  into  a  vibratory  motion.  (See 
Horology.)    There  are  several  common  forms  of  escapement.. 

The  clutch  or  anchor  escapement  (Fig.  61)  was  invented  in  1680  by  Clement,  a  Lon- 
don watchmaker,  and  was  greatly  improved!  by  Graham  about  the  year  1700.  The 
pendulum  is  attached  to  a  double  hook  termed  a  clutch  or  anchor,  which  falls  between 
the  teeth  of  the  escapement  wheel,  and  then  escapes  from  it  once  in  each  oscillation. 
The  escapement  wheel  has  teeth  bent  in  the  direction  opposite  to  that  in  which  it  is 
to  move ;  it  forms  part  of  the  clock-work,  and  is  moved  by  the  weight  or  spring.  It 
revolves,  however,  with  a  motion  which  is  not  continuous,  as  would  be  the  case  if 
the  anchor  did  not  intervene,  but  is  stopped  alternately  by  one  spur  or  pallet  of  the 
anchor,  and  then  by  the  other.  As  the  time  of  oscillation  of  the  anchor  depends  on 
the  length  of  the  pendulum,  the  latter  regulates  the  motion  of  the  escapement 
wheel,  and  by  its  means  the  motion  of  the  other  parts.  The  motion  of  the  escape- 
ment wheel  continues  only  for  the  short  interval  during  which  the  tooth  of  the  wheel 
slides  over  the  pallet  of  the  anchor,  and  the  wheel  is  still  or  dead  during  the  remain- 
der of  the  oscillation.  On  this  account  the  anchor  escapement  is  sometimes  termed 
the  dead-beat  escapement  The  recoil  escapement  consists  of  two  spurs  or  pallets, 
which  project  from  the  balance  wheel  of  a  watch,  at  right  angles  to  each  other,  one 
acting  at  the  top  and  the  other  at  the  bottom  of  the  escapement  wheel.  These 
pallets  engage  alternately  in  the  teeth  of  the  escapement  wheel  exactly  in  the  same 
manner  as  the  pallets  of  the  anchor. 

The  cylindrical  escapement  is  used  in  very  flat  watches.  The  pallets  are  replaced 
by  notches  in  the  axes  of  the  balance-wheel,  which  is  formed  into  a  semi-cylinder.    As 


tVt  balance-wheel  oscillates  the  semi-cylinder 
tarns  upon  its  axis  and  interposes  itself  alter- 
nately on  the  tight  and  on  the  left  between 
the  teeth  of  the  escapement  wheel,  letting 


them  escape  in  a  manner  exactly  similar  to 
that  of  the  anchor. 

The  duplex  escapement  consists  of  an  es- 
capement wheel  with  two  sets  of  teeth  par- 
taking of  the  characters  of  ft  spur  and  a 
crown  wheel  and  an  impulse  claw  or  pallet. 
The  spur  teeth  are  like  those  of  the  ordinary 
escapement  wheel,  and  the  crown  teeth  pro- 
ject bom  the  face.  The  pallet  falls  succes- 
sively between  the  crown  teeth,  and  receives 
from  them  as  they  escape  an  impulse  which 
keeps  up  the  motion  of  the  balance-wheel. 

The  detached  or  lever  escapement  is  now 
much  used  in  English  pocket  watches.  It 
consists  of  an  anchor  attached  to  a  lever 
forked  or  notched  at  one  end.  A  pin  at- 
tached to  the  verge  or  axle  of  the  balance 
enters  the  notch  at  each  vibration,  first  mov- 
ing off  the  anchor  and  then  receiving  an  im- 
pulse which  restores  the  force  lost.  The 
fever  is  detached  from  the  balance  except  for 
an  instant  at  the  middle  of  each  oscillation. 
(See  Horology.) 
BMMBld  Oils.  See  Oil. 
Etanin.  (Arabic.)  The  star  y  of  the  con- 
stellation Draco.  It  is  interesting  ss  being 
the  star  by  the  observation  of  which  Brad- 
ley was  led  to  the .  discovery  of  the  aberra- 
tion of  the  fixed  stars. 

BtsjsJM  Winds.  The  heat  of  Sahara  in 
summer  causes  cool  air  from  the  Mediterra- 
nean to  flow  southwards.  The  winds  thus 
arising  are  called  Etesian  winds. 

Ether.  A  very  mobile  colorless  liqnid, 
having  ft  peculiar  fresh  odor  and  training 
taste.  Speciflcgravity,  0.723.  Boiling  point, 
35.5°  C.  (96°  F.)  Formula,  C,Hl0O.  It  is  verv  inflammable,  and  the  vapor  forms 
an  explosive  mixture  with  air.  It  dissolves  slightly  in  water.  In  its  chemical  rela- 
tions ether  is  considered  to  be  the  oxido  of  tie  radical  ethyl  (C,!!,),  common  alcohol 
being  the  hydrated  oxide  of  ethyl.  Ether  is  the  second  term  of  ft  series  of  homolo- 
gous bodies  of  which  methylic ether  (0,11,0),  is  the  first  (Soe  Alcohols;  Home-lo- 
gout Subttances.) 

Ether,  Limumftmnut.  (AiSu,  to  light  up;  mAjp,  ether.)  The  medium  whose 
vibrations  are  supposed  to  cause  light.  It  is  believed  to  pervade  all  space,  and  to 
be  imponderable  and  infinitely  elastic    (See  Undulatory  Theory  of  Light.) 

EthyL    A  colorless  gas.    Specific  gravity,  2.046.    At  38°  F.  (3^°  C).  it  as- 
sumes the  liqnid  form,  under  a  pressure  of  2J  atmospheres.    Boiling  point  about 
—9.4°  F.  (—23°  C.)    The  gas  burns  with  a  highly  luminous  flame. 
EaobJorine.    See  Chlorine. 

Endionutsr  ('"Stot,  fine,  clear,  of  air;  and  pitpor,  a  measure)  is  an  instrument 
for  examining  the  composition  of  gases ;  originullyfor  testing  the  purity  of  air  by 
ascertaining  the  quantity  of  oxygen  it  contains.  There  are  several  forms  of  eudio- 
meter; the  most  convenient  is  perhaps  a  straight  graduated  glass  tube  closed  at 
the  top,  and  having  two  platinum  wires  hermetically  sealed  into  its  sides,  and  pro- 
jecting into  the  interior,  so  as  nearly  to  touch  each  other ;  or  a  (J  tube,  one  of 
whose  legs  is  closed,  graduated  and  furnished  with  platinum  wires  in  the  way  we 
hare  just  described. 

The  method  of  examining  a  mixture  of  gases  with  this  instrument  will  readily  be 
understood  from  the  following  description :     Suppose  a  specimen  of  common  air  is 
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to  be  analyzed,  a  certain  volume  is  introduced  into  the  eudiometer,  standing  over 
mercury  in  the  usual  way,  for  collecting  gases,  and  the  amount  carefully  noted  by 
means  of  the  graduations  of  the  tube.  To  determine  the  carbonic  acid  gas  present 
a  small  quantity  of  very  strong  solution  of  caustic  potash  is  then  thrown  up  into 
the  tube,  and  by  moving  it  up  and  down,  while  the  mouth  of  it  is  always  carefully 
kept  beneath  the  surface  of  the  mercury,  the  carbonic  acid  gas  is  caused  to  combine 
with  the  caustic  potash,  and  to  be  absorbed  into  the  liquid,  thus  giving  rise  to  a 
diminution  of  the  volume  of  the  gas,  which  is  noted.  If  there  be  other  impurities 
they  are  determined  by  means  of  suitable  absorbents.  The  oxygen  may  tnen  be 
absorbed  by  means  of  alkaline  solution  of  pyrogallic  acid  (q.  v.),  and  the  nitrogen 
found  by  difference  ;  but  we  prefer  to  describe  the  following  method  of  ascertaining 
its  quantity  in  order  to  illustrate  one  of  the  uses  of  the  eudiometer.  Supposing  that 
there  is  nothing  left  but  a  volume  of  oxygen  and  nitrogen,  and  that  it  is  required 
to  find  the  amount  of  oxygen  in  the  mixture,  a  quantity  of  pure  hydrogen  is  added, 
whose  volume  is  at  least  twice  that  of  the  oxygen  contained  in  the  mixture,  and  the 
amount  is  carefully  noted.  An  electric  spark  is  then  caused  to  pass  between  the  plati- 
num wires,  which  we  have  described  as  sealed  into  the  tube,  and  on  its  passage  the  oxy- 
gen and  hydrogen  combine  (see  Electro-  Chemistry)  to  form  water.  In  order  to  prevent 
a  loss  of  gas  when  the  explosion  takes  place,  the  lower  end  of  the  eudiometer  is  de- 
pressed while  the  spark  passes  a  few  inches  below  the  level  of  the  mercury  if  the 
straight  tube  be  used,  and  care  is  always  taken  in  filling  the  tube  to  leave  a  space  of  at 
least  an  inch  at  the  bottom  occupied  by  a  column  of  mercury.  If  the  bent  eudiometer 
is  employed,  the  open  end  is  closed  with  the  thumb,  the  bend  of  the  tube  being 
filled  with  mercury.  As  soon  as  the  tube  is  cool,  the  water,  which  is  formed  as 
steam,  condenses,  and  the  volume  of  the  gas  that  has  disappeared  in  the  form  of 
the  water  is  carefully  noted,  the  proper  corrections  for  temperature  and  pressure 
being  made.  But  we  know  that  oxygen  and  hydrogen  combine  together  to  form 
water  in  the  proportions  of  two  volumes  of  hydrogen  to  one  of  oxygen,  and  hence 
one-third  of  the  gas  that  has  disappercd  is  oxygen.  Substracting  this  volume  from 
the  volume  of  the  mixture  of  oxygeu  determined  before  the  addition  of  the  hydro- 
gen, the  original  volume  of  nitrogen  is  known.  In  an  analysis  the  results  obtained 
are  then  reduced  to  percentage  volumes. 

Evaporation.  {Evaporo,  to  disperse  in  vapor.)  Evaporation  signifies  the 
formation  of  vapor  at  the  surface  of  a  liquid,  in  contradistinction  to  ebullition, 
which  signifies  the  formation  of  vapor  within  the  mass  of  a  liquid.  Evaporation  takes 
place  from  every  exposed  liquid  surface  and  at  all  temperatures ;  it  varies  with  the 
area  of  the  surface  exposed,  and  with  the  temperature  of  the  surrounding  space.  It 
was  once  imagined  that  the  air  itself  induced  evaporation  in  virtue  of  its  attraction 
for  the  vapor,  but  this  is  well  known  to  be  false,  because  evaporation  takes  place  in 
a  vacuum  far  more  freely  than  in  air.  It  also  takes  place  more  readily  in  the  pres- 
ence of  dry  air,  and  of  air  in  motion,  than  in  that  of  moist  air  and  of  air  at  rest. 
Moist  air  is  already  more  or  less  saturated  with  vapor,  and  when  quite  saturated, 
evaporation  ceases ;  now  the  air  immediately  above  a  liquid,  so  long  as  it  is  at  rest, 
is  saturated  with  vapor,  but  if  the  air  be  in  motion,  unsaturated  portions  are  con- 
stantly brought  in  contact  with  the  surface,  and  the  evaporation  is  thus  promoted. 
The  influence  of  temperature  on  evaporation  scarcely  needs  any  illustration.  As  heat 
is  the  cause  of  evaporation,  it  is  obvious  that  the  higher  the  temperature,  other  things 
being  equal,  the  greater  will  be  the  evaporation ;  and  we  have  numberless  examples  uf 
this  around  us.  We  know  how  soon  the  earth  becomes  parched  in  summer,  and  how 
rapidly  streamlets  and  small  lakes  dry  up  in  warm  weather.  The  influence  of  extent 
of  surface  is  also  obvious,  for,  since  evaporation  takes  place  only  from  the  surface  of 
a  liquid,  the  greater  the  surface  the  greater  must  be  the  evaporation.  If  we  take  a 
tumbler  of  water  and  place  it  in  the  sun,  side  by  side  with  the  same  amount  of  water 
in  a  flat  dish,  the  difference  in  the  evaporation  will  soon  be  apparent  Salt  was 
formerly  procured  by  the  evaporation  of  sea  water  in  shallow  "  salt  pans  "  of  very 
large  area.  Evaporation  takes  place  more  readily  in  a  vacuum  than  in  air  on  ac- 
count of  the  reduced  pressure,  because  pressure  of  necessity  tends  to  keep  the  mole- 
cules of  the  liquid  together,  and  when  that  pressure  is  removed,  the  molecules  can 
more  readily  assume  the  gaseous  condition.  If  a  drop  of  a  volatile  liquid  be  passed 
up  into  the  Torricellian  vacuum,  it  instantly  assumes  the  vaporous  condition.  The 
influence  of  pressure  on  the  boiling  point  is  discussed  in  detail  in  the  article  Ebulli- 
tion.   When  a  liquid  is  evaporated  simultaneously  in  a  vacuum,  and  in  the  presence 
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of  a  substance  like  solphnrie  acid  or  chloride  of  calcium,  which  has  a  great  attrac- 
tion for  moisture,  the  evaporation  is  very  rapid.  The  influence  of  air  in  motion  as  a 
promoter  of  evaporation  can  be  shown  by  many  means.  Thus,  the  action  of  a  fan 
is  to  increase  the  evaporation  from  the  skin  ana  so  to  produce  cold ;  so,  also,  if  we 
moisten  the  face  and  then  fan  ourselves,  we  perceive  a  considerable  chilling,  and  if 
ether  is  poured  upon  the  hand  and  air  blown  upon  it  the  cold  is  intense. 

The  production  of  gas  or  vapor  (and 'we  may  here  remark  that  the  term  gas  is 
usually  applied  to  substances  in  the  gaseous  condition  which  are  far  removed  from 
their  points  of  condensation,  while  the  term  vapor  is  applied  to  gases  which  normally 
exist  in  the  liquid  condition),  is  always  and  of  necessity  accompanied  by  the  produc- 
tion of  cold — that  is,  by  the  withdrawal  of  heat,  for  cold  is  not  an  entity.  A  gas 
or  vapor  is  a  liquid  plus  heat,  and  in  the  passage  from  the  liquid  to  the  gaseous  con- 
dition a  Quantity  of  heat  is  rendered  latent  (see  Latent  Heat),  which  reappears  on 
the  liquefaction  of  the  gas  or  vapor.  Water  and  other  liquids  may  be  frozen  by 
their  own  evaporation,  as  was  first  shown  by  Leslie.  In  order  to  effect  this,  he  placed 
a  small  vessel  containing  water  immediately  over  a  dish  full  of  concentrated  sul- 
phuric acid ;  this  was  put  under  the  receiver  of  an  air-pump,  which  was  exhausted ; 
the  consequence  was  that  the  water  evaporated  rapidly,  and  the  vapor  was  absorbed 
by  the  sulphuric  acid  until  the  water  had  been  so  cooled  by  the  withdrawal  of  the 
heat  necessary  for  its  vapor  that  it  froze.  We  have  another  example  of  the  freezing 
of  water  by  its  own  evaporation  in  Dr.  Wollaston's  Cryophorus  (which  see).  Ex- 
treme degrees  of  cold  may  be  produced  by  the  evaporation  of  very  volatile  liquids, 
such  as  we  have  in  the  liquefied  gases.  Thus  mercury  may  be  frozen  by  evapora- 
tion of  liquid  sulphurous  acid,  and  the  most  intense  degree  of  cold  with  which  we 
are  acquainted  is  produced  by  the  evaporation  of  a  mixture  of  liquid  nitrous  oxide 
with  bisulphide  of  carbon  in  a  vacuum. 

The  elastic  force  of  a  vapor  depends  on  the  temperature,  and  is  greater  as  the 
temperature  is  higher.  The  following  law  relating  to  this  result  was  discovered  by 
Dalton :  In  a  vacuum  the  evaporation  of  a  liquid  continues  until  the  vapor  has  at- 
tained a  definite  elastic  force,  which  is  dependent  on  the  temperature ;  hence,  in  a 
space  devoid  of  air  and  saturated  with  vapor,  a  definite  pressure  corresponds  to  a 
definite  temperature.  In  the  following  tables,  somewhat  condensed  from  Lardner's 
"  Natural  Philosophy,"  the  relation  between  the  temperature,  pressure,  volume,  and 
mechanical  effect  of  aqueous  vapor  are  shown  at  various  temperatures : — 

Table  showing  the  Pressure,  Volume,  and  Density  of  Aqueous  Vapor  at 

various  Temperatures. 


Pressure. 

Volume  of 

Density  of 

Temperature. 

«■   ■  VSVwfl  VI 

rtpor  contain- 
ing unit  of 
volume  of 

Tapor. 

(Density  of 

water 

Mechanical 

Fahrenheit. 

Inches 

Pounds  per 

effect  in  lbs. 
raiMd  1  foot. 

of  mercury. 

square  inch. 

water. 

-1.) 

■  tUDVU    A    &WW« 

—  4 

0.062 

0.08 

650588 

0.00000154 

1395 

+H 

0.104 

0.06 

*     842984 

0  00000292 

1451 

23 

0.144 

0.07 

251S58 

0.00000398 

1480 

81 

0.198 

0.10 

182323 

000000540 

1483 

41 

0.274 

0.13 

137488 

0.00000727 

1536 

60 

0.878 

0.18 

102670 

0.00000974 

1565 

60.8 

0.537 

0.26 

72913 

0.00001372 

1598 

71.6 

0.764 

0.37 

62260 

0  00001914 

1632 

80.6 

1.019 

0.50 

89895 

0.00002507 

1661 

91.4 

1.429 

0.70 

29112 

0.00003435 

1694 

100.4 

1.873 

0.92 

22513 

000004442 

1722 

111.8 

1584 

1.27 

16805 

0.00006023 

1774 

120.1 

8.822 

1.68 

13161 

0.00007602 

1785 

181 

4.477 

2.19 

9946 

0.00010054 

1819 

140 

6.696 

2.79 

7937 

0.00012599 

1847 

160.8 

7.630 

8.68 

6114 

0.00016356 

1881 

161.6 

9.852 

4.83 

4759 

000021013 

1916 

170.6 

12.224 

6.99 

3891 

0  00025699 

1943 

181.4 

15.680 

7.68 

8087 

0  00032399 

1977 

180.4 

19.188 

9.38 

2565 

0.00038984 

2005 

201.2 

24.062 

11.80 

2076 

0.00048201 

2040 

204.8 

25.808 

12.70 

1938 

0.00051613 

2051 

206.6 

26.874 

13.17 

1873 

0  00053888 

2056 

208.4 

27.860 

13.66 

1812 

000056191 

2062 

210.2 

28  877 

14.16 

1751 

0.00057055 

2066 

212 

28.821 

14.67 

1696 

0.00058956 

2073 

19 

290 
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When  the  pressures  are  considerable  they  are  given  in  atmospheres,  the  pressure  of 
one  atmosphere  being  equal  to  that  of  thirty  inches  of  mercury. 

Table  showing  the  Temperature,  Volume,  and  Density  of  Aqueous  Vapor, 
*    at  Pressures  varying  from  One  to  Fifty  Atmospheres. 


Pressure  in 

Temperature. 

Volume  of  rapor 
produced  by  unit 

of  TnlntnA  of 

Density  of  rapor. 
(Density  of  water 

Atmospheres. 

Fahrenheit. 

water. 

-1.) 

1 

212.00 

1696.00 

0.0006*06 

2 

250.62 

897.09 

0.0011147 

S 

276.  IS 

619.19 

0.0016161 

4 

293.72 

476.26 

0.0020997 

6 

307.58 

388.16 

0.0025763 

.    6 

820.36 

828.98 

00030401 

7 

831.70 

286.12 

0.0034911 

8 

341.78 

253.69 

0*0039434 

9 

850.78 

227.08 

0.0043866 

10 

358.88 

207.36 

0.0048226 

11 

866.80 

190.27 

0.0062667 

12 

874.00 

176.96 

0.0066834 

13 

880.66 

163.74 

0.006107 

14 

886  96 

163.10 

0.006627 

15 

892.90 

144.00 

0.006944 

16 

898.48 

135.90 

0.007369 

17 

403.88 

128.71 

0.007769 

18 

408.92 

122.28 

0.008178 

19 

413.78 

116.51 

0.008583 

80 

418.46 

111.28 

0.008986 

21 

422.96 

106.53 

0.009387 

22 

427.28 

102.19 

0.009786 

23 

431.42 

98.21 

0.010182 

24 

435.56 

94.56 

0.010676 

2* 

439.34 

91.17 

0.010968 

SO 

457.16 

77.50 

0.012903 

35 

472.64 

68.20 

0.014668 

40 

486.60 

60.08 

0.016644 

45 

499.10 

64.06 

0.018497 

60 

610.62 

49.31 

0.020306 

A  certain  amount  of  vapor  is  produced  from  water  at  very  low  temperatures ;  thus, 
at  the  freezing  point,  the  tension  of  aqueous  vapor  is  sufficient  to  depress  the  baro- 
metric column  one-fifth  of  an  inch  ;  and  ice  at  a  temperature  of —4°  F.  ( — 20°  C.) 
emits  aqueous  vapor  of  sufficient  tension  to  depress  the  column  of  mercury  one- 
twentieth  of  an  inch. 

A  vapor,  if  it  be  produced  from  colorless  liquid,  is  colorless  and  transparent,  like 
air ;  if,  on  the  other  hand,  it  is  produced  from  a  colored  liquid,  such  as  bromine,  it 
possesses  the  same  color,  but  is  perfectly  transparent.  Vapors  are  elastic,  and  va- 
rious means  have  been  devised  for  showing  their  elasticity.  When  a  volatile  liquid 
is  passed  up  into  the  Torricellian  vapor,  it  immediately  becomes  vapor,  and  the 
column  of  mercury  is  depressed.  The  extent  of  the  depression  measures  the  vola- 
tility of  the  liquid.  When  a  certain  amount  of  liquid  has  been  introduced,  we 
notice  that  it  is  no  longer  converted  into  vapor,  but  it  floats  on  the  surface  of  the 
mercury.  Evaporation  has  now  ceased,  because  the  vacuous  space  is  saturated  with 
vapor,  and  the  elastic  force  of  the  vapor  is  at  a  maximum. 

A  second  law  of  considerable  importance  as  regards  evaporation  was  discovered 
by  Dal  ton.  He  found  that  a  liquid  evaporates  to  the  same  extent  in  a  space  filled 
with  air  as  in  a  vacuum,  and  that  the  same  relationship  exists  between  the  tempera- 
ture and  the  elastic  force  of  the  vapor,  whether,  the  space  contains  air  or  not.  A 
liquid  evaporates  far  more  slowly  in  a  space  containing  air  (or  gas  of  any  kind 
which  does  not  act  upon  it)  than  in  a  vacuum,  but  the  ultimate  result  is  the  same. 

See  also  Leidenfrostfs  Experiment, 

Evection.    A  lunar  inequality.     (See  Lunar  Theory.) 

Evening  Star.  The  name  given  to  the  planet  Venus  when  she  sets  after  the  sun. 
She  is  then  approaching  inferior  conjunction  and  increasing  in  apparent  diameter. 

Exchanges,  Law  0L  The  law  that  the  relation  between  the  amount  of  heat 
emitted  and  that  which  is  absorbed  at  any  given  temperature  remains  constant  for 
all  bodies  ;  and  that  the  greater  the  amount  of  heat  emitted  the  mater  must  be 
the  amount  of  heat  absorbed.    This  was  partially  enunciated  by  Prevost  and  by 
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Prevostaye  and  Dessains,  and  extended  by  Dr.  Balfour  Stewart  ("  Report  on  the 
Theory  of  Exchanges,"  by  B.  Stewart,  Brit.  Assoc.  1861).  Kircnhoff  has  proved 
that  the  same  law  holds  good  for  light  as  well  as  for  heat  (Koscoe).'  (See  also  Spec- 
trum Analysts;    Theory  of  Exchanges,) 

Tbrtuunaa*  («f ,  out  of ;  carp**,  impulsion.)  The  passage  of  a  liquid  or  gas  through 
a  porous  diaphragm  outwards.     (See  also  Osmose?) 

Expansion,  (eas,  out ;  pando,  to  spread  or  open.)  Heat  has  been  elsewhere 
defined  as  a  very  rapid  reciprocal  motion  of  the  small  particles  or  molecules  of 
matter.  (See  Heat.)  Now  it  is  reasonable  to  infer  that  the  addition  to  a  number 
of  molecules  possessing  a  certain  amount  of  this  motion,  of  more  of  the  motion, 
would,  by  producing  a  greater  commotion,  cause  the  molecules  to  occupy  a  larger 
space ;  ana  this  we  find  to  be  the  case.  Heat  expands  all  bodies,  and  moreover  the 
amount  of  heat  associated  with  a  body  determines  its  form;  that  is,  whether  it  be 
existing-  as  a  solid,  a  liquid,  or  a  gas.  The  molecules  of  matter  possess  an  attraction 
for  each  other,  called  cohesion,  and  in  antagonism  to  this  there  is  the  force  of  heat 
which  may  be  regarded  as  repulsive,  because  an  addition  of  motion  to  a  congeries 
of  particles  must  tend  to  separate  them,  that  is,  to  act  against  cohesion.  In  a  solid, 
say  ice  for  example,  the  cohesion  of  the  particles  is  sufficient  to  keep  them  compara- 
tively close  together,  for  although  they  are  by  no  means  in  contact,  and  arc  endued 
with  the  vibratory  motion  called  heat,  the  cohesive  force  is  the  stronger  of  the  two, 
and  keeps  the  particles  within  the  range  of  its  attractive  influence.  If  now  we  add 
heat  to  the  ice,  it  assumes  the  liquid  form,  and  we  must  imagine  that  the  force  of 
cohesion  tending  to  keep  the  particles  together  is  now  equal  to  the  force  of  heat 
tending  to  separate  them ;  the  actions  are  in  fact  balanced,  and  we  have  a  freeness 
and  mobility  in  the  particles  which  in  the  solid  form  they  did  not  possess.  If  the 
water  is  again  heated  it  assumes  the  gaseous  form — it  becomes  steam  or  water-gas. 
The  cohesion  of  its  particles  is  now  entirely  overcome,  they  have  received  so  much 
motion  that  they  have  been  carried  beyond  the  range  of  cohesion,  and  are  now  alone 
actuated  by  the  motion  of  heat.  Thus,  in  a  solid  the  molecules  arc  nearest  to  each 
other,  in  a  liquid  they  are  less  near,  and  in  a  gas  they  are  least  near,  and  are  unre- 
strained in  their  motion.  In  the  passage  from  solidity  to  gaseity,  there  is  a  progres- 
sive decrease  of  cohesive  force  arising  from  a  progressive  augmentation  of  the  space 
between  the  attracting  molecules,  and  a  progressive  increase  of  molecular  motion 
arising  from  the  direct  addition  of  heat ;  while  in  the  passage  from  gaseity  to  so- 
lidity there  is  a  progressive  increase  of  cohesive  force,  arising  from  the  diminution 
of  the  space  between  the  attracting  molecules,  and  a  progressive  decrease  of  molecu- 
lar motion  arising  from  the  direct  transference  of  heat.  Solids  continue  to  expand 
until  they  pass  into  the  liquid  form,  and  liquids  continue  to  expand  until  they  pass 
into  the  gaseous  form. 

L  Expansion  of  Solids.  The  expansion  of  solids  may  be  shown  by  various 
means ;  if  we  take  a  bar  of  metal  which  when  cold  will  just  pass  between  two  rigid 
metal  surfaces  by  which  its  length  can  be  gauged,  it  is  found  after  heating  to  no 
longer  pass ;  or,  if  a  metallic  ball  is  passed  when  cold  through  a  ring  of  metal  of 
Terr  slightly  greater  circumference  than  its  own,  it  is  found  after  heating  that  the 
ball  now  rests  on  the  ring  without  passing  through  it.  This  apparatus  which  is 
known  as  S'Oravesande's  Ball,  was  devised  about  250  years  ago,  and  is  figured  in 
S'Oravesande's  Phy sices  Elementa  Mathematica.  This  illustrates  cubical  expansion. 

Linear  expansion  may  be  shown  by  fixing  a  bar  of  metal  at  one  end  and  causing 
the  other  end  to  press  against  a  lever  or  system  of  levers  by  means  of  which  any 
lengthening  of  the  bar  may  be 

multiplied,  and  at  the  same  time  Eig.  62, 

indicated  by  a  pointer  ( Fig.  62 ) ;  ^<3^3  3/ 

on  heating  the  bar  the  movement 
of  the  index  at  once  shows  that 
it  has  lengthened.  Uncrystal- 
lized  solids,  when  heated  uni- 
formly, expand    uniformly  in  ^^ 

length,  breadth,  and  thickness,       /J I    ^^'•^^l  f 

and  we  can  speak  either  of  the      '■  ^*^E^i  t 

linear  expansion,  the  superft-  g/lf  — — f- 


cial  or  surface  expansion,  or 
the  cubical  expansion  of  a  sub- 


r 
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=  1.000000  at  0°  G.  will  equal  a  volume  of  1.018153  at  100°  C. ;  at  200°  C,  it  wffl 
be  1.036811,  and  so  on.  The  third  column  gives  the  mean  coefficient  of  expansion 
for  1°  C.  between  0°  and  each  number  of  degrees  mentioned,  thus  for  100°  G.  it  will 
be  .018153  -4-  100  =  .00018153 ;  for  200°  (J.  .036811  -j-  200  =*  .000184055,  and  to 
on.  The  fourth  column  gives  the  true  coefficient  of  expansion  for  1°  O.,  and  in  the 
cose  of  liquids  which  change  their  rate  of  expansion  as  the  temperature  increases, 
it  is  necessary  to  distinguish  carefully  between  the  mean  and  true  coefficient  of  ex- 
pansion. Dr.  Balfour  Stewart  has  given  the  following  definition  in  his  excellent 
Treatise  on  Heat :  "  In  general  language,  if  we  take  a  quantity  of  liquid  whose 
volume  at  0°  G.  is  equal  to  the  unity,  then  the  true  coefficient  of  dilatation  of  this 
liquid  at  any  point  is  the  rate  of  increase  in  volume  of  the  liquid  at  that  point,  as 
the  temperature  goes  on  regularly  increasing.  On  the  other  hand,  the  mean  coeffi- 
cient of  dilatation  for  1°  G.  of  the  liquid  between  0°  and  any  point  is  the  mean  rate 
of  increase  in  volume  of  the  liquid  between  these  two  points,  that  is  to  Bay,  it  it 
the  whole  expansion  divided  by  the  number  of  degrees  included  between  the  two 
points." 

The  figures  in  the  fourth  column  of  the  Table  show  us  that  the  true  coefficient  of 
expansion  of  mercury  increases  with  the  temperature. 

Table  of  Absolute  Expansion  of  Mercury. 


Volume  of  mercury 

Mean  coefficient  of 

True  coefficient  of 

Temperature. 

equal  to  unity  at 
0°C. 

expansion  for 
1°C. 

expansion  for 
1°C. 

0 

1.000000 

•••••• 

.00017906 

10 

1.001792 

.00017925 

.00017950 

20 

1.003590 

.00*17951 

.00018001 

80 

1.005393 

.00017976 

.00018051 

40 

1. 00720 1 

.00018002 

.00918102 

60 

1.009013 

.00018027 

.00018152 

60 

1.010S31 

.00018052 

.00018203 

70 

1.012655 

.00018078 

.00018253 

80 

1.014482 

.00018102 

.00018304 

90 

1.016315 

.00018128 

.00018354 

100 

1.018153 

.00018153 

.00018405 

110 

1.019996 

.00018178 

.00018456 

120 

1.021844 

.00018203 

.00018505 

130 

1.023697 

.00018228 

.00018556 

140 

1025555 

.00018254 

.00018606 

150 

1.027419 

.00018279 

.00018657 

160 

1.029287 

.00018304 

.00018707 

170 

1.031160 

.00018329 

.00018758 

180 

1.033039 

.00018355 

.00018808 

190 

1.034922 

.0001 83S0 

.00018859 

200 

1.030811 

.00018405 

.00018909 

210 

1.038704 

.00018430 

.00018959 

220 

1.0(0603 

.00i>18456 

.00019010 

230 

1.042506 

.00018481 

.00019061 

240 

1.044415 

.00018506 

.00019111 

2^0 

1.046329 

.00018531 

.00019161 

260 

1.048247 

.00018557 

.00019212 

270 

1.050171 

.00018582 

.09019262 

280 

1.052100 

.00018607 

.00019313 

290 

1054034 

.00018632 

.00019363 

300 

1.055973 

.00018658 

.00019413 

S10 

1  057917 

.00018683 

.00019464 

320 

1.059866 

.00018708 

.00019515 

830 

1.061820 

.00018733 

.00019565 

840 

1.063778 

.00018758 

.00019616 

850 

1.065743 

.00018784* 

.00019666 

Water  presents  a  curious  exception  to  the  general  laws  of  expansion  by  heat  and 
contraction  by  cold,  for  after  cooling  to  39.2°  F.  (4°  C),  and  suffering  diminution 
of  volume,  it  commences  to  expand  on  further  cooling.  For  a  detailed  account  of 
this  phenomenon  andfes  results  see  Maximum  Density  of  Water.  The  metal  bis- 
muth also  expands  <m  cooling.  According  to  Erman  an  alloy  of  2  parts  bismuth 
with  1  part  of  lead  and  1  part  of  tin,  expands  when  heated  from  OP  to  44°  C.  and 
then  contracts,  so  that  its  density  at  56°  C.  is  the  same  as  at  0°,  while  at  its  fusing 
point  (94°  C.)  it  possesses  the  same  density  as  at  44°. 

3.  Expansion  of  Gases.  In  gases  we  have  a  physical  condition  entirely  different 
from  that  which  solids  and  liquids  possess,  for  while  the  molecules  of  the  two  latter 
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a  greater  or  leas  amount  of  cohesive  force,  the  molecules  of  gases  are 
eatirely  devoid  of  this  force ;  they  are  absolutely  unrestrained,  and  are  separated 
from  each  other  to  such  an  extent  that  they  are  beyond  the  range  of  the  force  of 
cohesion  of  contiguous  molecules.  We  should  hence  imagine  that  heat  would  act 
More  equably  upon  gaseous  bodies  than  upon  solids  and  liquids,  and  further  that  for 
a  given  amount  of  heat  the  coefficient  of  expansion  of  gases  would  be  greater  than 
that  of  liquids  and  solids.  This  is  indeed  the  case  ;  gases  not  only  expand  far  more 
lor  an  equal  increment  of  heat  than  liquids  and  solids,  but  the  expansion  is  nearly 
aaiform  for  all  gases.  By  the  employment  of  an  air  thermometer  of  known  capa- 
city, and  noting  the  changes  of  volume  undergone  by  the  air  within  it,  under  varied 
conditions  of  temperature,  Guy-Lussac  arrived  at  the  conclusion  that  the  coefficient 
of  expansion  of  all  gases  was  0.00375  between  0°  and  100°  C.  for  1°  C,  and  that 
the  coefficient  is  independent  of  the  pressure  to  which  the  gas  is  submitted.  Reg- 
nault  has,  however,  found  that  there  is  a  slight  difference  between  the  coefficients  of 
expansion  of  permanent  gases,  and  a  very  perceptible  difference  in  the  case  of  gases 
which  are  more  or  less  readily  condensable ;  he  nas  further  ascertained  the  fact  that 
the  coefficient  of  expansion  increases  with  the  pressure  to  which  the  gas  is  submitted. 
The  following  are  some  of  his  results : — 

CoKFFicnim  or  Expansion  for  1°  C.  or  Various  Gasrs. 

Name  of  Under  a  Constant  Under  a  Constant 

Gas.  Volume.  Pressure. 

Air 003665  .003670 

Nitrogen 003668  .... 

Hydrogen 003667  .003661 

Carbonic  Oxide 003667  .003669 

Carbonic  Acid 003688  .003710 

Protoxide  of  Nitrogen         .        .        .    .003676  .003720 

Cyanogen 003829  .003877 

Sulphurous  Acid 003843  .003903 

Now  -iJH_  -,  -JL.    Hence  a  gas  expands  -J_  of  its  volume  for  1°  C.    The  frac- 

tion  ij  Jfl  is  sometimes  used,  but  more  generally  ? J»,  and  in  the  case  of  Fahrenheit 
degrees  a  gas  expands  xJjth  of  its  volume  for  1°  F.  In  other  words,  if  we  have  a 
volume  of  gas  at  0°  C,  and  heat  it  to  273°  C,  it  will  double  its  volume,  and  if  it 
be  at  32°  F.,  and  we  heat  it  to  490  +  32P  F.  =  522°  F.,  it  will  also  double  its 
volume,  and  if  it  be  raised  to  (490  X  2)  +  32°  F.  =  1012°  F.,  it  will  treble  it* 
volume,  and  so  on.  The  following  table  shows  the  change  of  volume  which  a  gas 
undergoes  when  submited  to  various  changes  of  temperature  under  a  constant  pres- 
sure.    The  volume  at  32°  F.  being  =  1000.0 :— 


Temp. 

VoL 

Temp. 

Vol. 

Temp. 

Vol. 

Temp. 

VoL 

— 50°F. 

832.7 

1        34°  P. 

1004.1 

i 

;        110°  F. 

1159.2 

210°  P. 

1363.3 

—45 

842.8 

35 

1006.1 

|        115 

11694 

215 

1373.5 

—40 

843.1 

36 

1008.2 

120 

1179.6 

220 

1383  7 

—35 

863.3 

37 

1010.2 

125 

1189.8 

230 

1404.1 

—30 

873.5 

33 

1012.2 

130 

1200  0 

240 

1424.5 

—S3 

883.7 

39 

1014.3      1 

135 

1210.2 

j        250 

1444.9 

—90 

893.0 

40 

1016.3      , 

140 

1220.4 

,        260 

1465.3 

—15 

004.1 

45 

1026.5 

145 

1230.6 

!        270 

14S5  7 

—10 

914.3 

60 

1036.7      | 

150 

1240.8 

280 

1506.1 

—  5 

921.5 

55 

1046  9      | 

155 

1251.0 

|        290 

1526  3 

0 

934.7 

60 

law  1     ' 

160 

1261  2 

300 

15(6.9 

5 

944.9 

6.^ 

1067.3      ' 

165 

1271.4 

,        400 

1751.0 

10 

955.1 

70 

1077.6      | 

170 

1381.6 

1        500 

1955.1 

15 

985.3 

75 

1037.8     ; 

■        175 

1291.8 

600 

21.19.2 

* 

975.5       1 

80 

1098.0     ; 

1        ISO 

1202.0 

700 

2363.3 

95 

985.7 

85 

1109.2      ' 

1        185 

1312.2 

800 

2567  3 

ao 

9959 

90 

1118.4 

190 

1322.4« 
1332. 6P 

900 

2771.4 

si 

9OS.0 

95 

1128  9      ; 

195 

1000 

2975.5 

» 

1000  0       < 

HO 

U3S  8 

200 

1312.9 

1100 

8179.6 

ss 

10010       | 

i 

105 

1149.0      | 

205 

t 
i 

1353.1 

1200 

i 

3383.7 

Expansive  Fore*  of  Ioe.    See  Maximum  Density  of  Water. 

External  Work  of  Expanding  Matter.    See  internal  Work  of  a  Mass  of 
Matter. 
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EXTRA. EYE. 


Extra  Current,    See  Current,  Extra. 

Extraordinary  Kay  of  Light.  See  Ordinary  and  Extraordinary  Kay  of 
Light. 

Exterior  Planet.  A  planet  whose  orbit  around  the  sun  lies  outride  that  of  the 
earth.  * 

Eye.  (A^8.,eage;  Goth.,  augo;  Ger„  ange;  Slav.,  oko  ;  Gr.,ams;  L.,  ocviut; 
Fr..  oeil;  Sans.,  akshi.)  The  human  eye  may  be  likened  to  a  camera  obscura.  The 
body  of  it  is  a  nearly  perfect  sphere  about  nine-tenths  of  an  inch  in  diameter  [Fig. 
63),  there  being  at  the  front  part  a  Blight  projection  of  a  tough  transparent  mcra- 
Fig.  63. 


brane,  called  the  cornea.  The  globe  of  the  eye  consists  of  the  following  membranes 
— the  iderotic  coat,  the  conjunctiva,  the  choroid  coat,  the  ciliary  body,  the  cornea, 
Jacob's  membrane,  the  hyaloid  membrane,  and  the  retina.  At  the  back  of  the 
ball  about  a  tenth  of  an  inch  on  the  inner  side  of  the  axis,  the  optic  nerve  enters. 
The  sclerotic  coat  is  the  outer  covering  of  all,  constituting  the  white  of  the  eye ; 
to  it  are  attached  the  muscles,  which  move  the  eyeball  in  different  directions;  it 
extends  in  front  to  the  cornea,  which  fits  into  it  as  a  watch  glass  fits  into  its  frame. 
The  choroid  coat  forms  the  inner  lining  of  the  sclerotic  (Fig.  64),  and  is  covered 
with  an  opaque  black  pigment  (Pi-jmentum  Nigrum).  On  this  lies  the  innermost 
coating  or  all,  the  retina,  which  is  a  delicate  reticulated  surface  formed  of  an  ex- 
pansion of  the  optic  nerve.  The  conjunctiva  is  a  mucous  membrane  covering  the 
cornea,  the  front  part  of  the  sclerotic,  and  turning  back  over  the  inner  surface  of 
the  eyelid*.  The  ciliary  body  or  process  suspends  the  crystalline  lent  in  its  place, 
forming  a  bond  of  union  between  the  choroid,  sclerotic,  and  iris,  Jacob's  mem- 
brane separates  the  choroid  coat  and  the  retina.  That  which  may  be  termed  the 
optical  part  of  the  eye  lies  in  front  of  it,  and  immediately  behind  tnc  cornea ;  this 
forms  the  first  refracting  surface  through  which  the  rays  of  light  pass;  behind  this, 
if  we  look  into  the  eye  from  the  front,  we  see  a  flat  circular  membrane  of  irregular 
structure  called  the  iris.  This  is  usually  gray,  blue,  black,  or  brown,  and  has  a 
circular  hole  in  the  centre  called  the  pupil,  which  is  intensely  black.  The  iris  ex- 
pands or  contracts  round  this  central  aperture,  so  as  to  regulate  the  quantity  of  light 
which  enters  the  eye.  Behind  the  iris  is  situated  the  crystalline  lens,  which  refracts 
the  light  to  a  focus  on  the  retina.  The  space  between  the  cornea  and  the  iWi  is 
filled  with  the  aqueous  humor,  the  crystalline  lens  contains  the  crystalline  humor, 


and  tho  portion  between  the  lent  and  retina  contains  the  vitreous  humor,  which 
fills  up  the  greater  portion  of  the  eyeball ;  it  is  contained  in  convoluted  folds  of  the 
hyaloid  membrane.  The  cornea  and  crystalline  lens  act  as  an  ordinary  convex  lens, 
and  form  on  the  retina  an  inverted  image  of  any  object  which  ma;  be  in  front.    Tho 


spherical  aberration  is  corrected  by  having  the  refractive  power  of  the  crystalline 
lens  greatest  near  the  centre,  and  diminishing  towards  the  circumference.  There  is, 
however,  no  complete  correction  for  color,  bat  the  want  of  achromatism  does  not  in- 
troduce sufficient  indistinctness  to  be  noticeable ;  probably  a  partial  correction  is 
effected  by  the  different  dispersive  powers  of  tho  different  media.  The  whole  of  the 
retina  appears  to  be  sensitive  to  light ;  but  of  the  way  in  which  sensation  of  distinct 
vision  is  produced,  nothing  is  known,  oar  knowledge  ending  with  the  picture  thrown 
upon  the  retina.  That  portion  of  the  retina  where  the  optic  nerve  enters  is  insensi- 
tive to  light;  this  spot  of  no  vision  may  be  discovered  in  the  following  manner: 
Place  two  dark  wafers  about  four  inches  apart  on  a  sheet  of  white  paper.  Look 
vertically  down  upon  the  right  one  with  the  left  eye  (or  vice  versa)  held  exactly 
over  it  about  fifteen  inches  above  the  paper  j  the  left  wafer  will  be  visible  when  the 
eye  is  directed  to  any  portion  of  the  paper  near  the  right  wafer,  but  will  disappear 
if  the  right  wafer  be  steadily  looked  at  Adjustment  for  distinct  vision  is  effected 
hy  alteration  of  the  curvature  of  the  anterior  portion  of  the  crystalline  lens  by  the 
contraction  of  the  ciliary  process:  in  perfect  Bight  tho  image  formed  by  the  lens 
comes  to  an  exact  focus  on  the  retina,  the  adjustment  just  named  being  sufficient 
for  all  variations  of  distance  of  the  object  from  a  few  inches  up  to  infinity.  Imper- 
fections in  this  respect  give  rise  to  lonq-sightedness  or  short-sightedness,  which  see. 

Eye,  Accommodation  of,  to  Different  Distances.  Th:s  is  effected  by  an 
alteration  of  the  shape  of  the  crystalline  lens  by  the  ciliary  process.    (See  Eye.) 

Eye,  Duration  of  Impression  of  Light  on  the  Retina.  See  Persistence  of 
Visual  Tmpreseion*. 

Eye,  Refractive  Powers  of  Parts  of.  Sir  David  Brewster  gives  the  following 
as  the  refractive  powers  of  the  different  humors  of  the  eye,  the  ray  of  light  being 
incident  upon  them  from  air.  Aqueous  humor.  1.336.  Crystalline  lens;  surface, 
1.3767  ;  centre,  1.3990  ;  mean,  1.3839 ;  vitreous  humor,  1.3394.    (See  also  Eye.) 


298  EYE-PIECK FATTY. 

Eye-Piece.  An  eve-piece  is  in  principle  a  simple  magnifier  adapted  to  microscopes, 
telescopes,  and  similar  instruments,  which  is  applied  close  to  the  eye,  and  enable* 
the  observer  to  obtain  a  distinct  view  of  the  image  formed  in  the  focus  of  the  object 
glass.  The  image  is  magnified  a  few  diameters  at  the  same  time.  There  are  vanou 
forms  of  cye-pieccs.  (Sec  Terrestrial  or  Erecting  Eye-Piece,  Micrometer  Eye- 
Pieee,  Negative  or  Huyghens's  Eye-Piece,  Positive  or  Ramsden's  Eye-piece,  Pan- 
erotic  Eye-Piece,  Kellner's  Eye-Piece,  Transit  Eye-Piece.  See  also  Telescope 
and  Microscope.) 


FaculfB.    {Facvia,  a  small  torch.)    See  Sun. 

Fahi  Ore.    See  Copper. 

Fahrenheit  Scale.    See  Thermometer. 

Falling  Bodies.  The  fall  of  bodies  to  the  earth  in  various  circumstances  offers 
remarkable  illustrations  of  motion  caused  by  a  force  producing  a  uniform  accelera- 
tion. When  bodies  of  different  material  fall  through  the  air,  they  do  not  usually 
pass  through  the  same  spaces  in  the  same  time.  A  ball  of  lead  and  a  scrap  of  paper 
fall  with  very  different  velocities.  The  difference  arises  from  the  resistance  of  the 
air,  which  varies  with  the  form  and  dimensions  of  the  body,  and  with  the  velocity. 
If,  however,  the  bodies  are  mode  to  fall  in  a  tube  from  which  the  air  has  been  ex- 
hausted, then  the  time  of  descent  and  the  velocity  acquired  will  be  the  same.  The 
motion  of  all  bodies  »n  vacuo  is  uniformly  accelerated.  The  force  producing  the 
motion  is  usually  called  "  gravity,"  and  the  acceleration  is  indicated  by  g.  This 
acceleration  is  not  absolutely  the  same  at  all  points  on  the  earth's  surface ;  it  in- 
creases with  the  latitude  of  the  place,  and  decreases  with  the  height  above  the  sea. 
In  London  a  velocity  of  nearly  32.2  feet  is  added  in  every  second  of  time,  or  o/.= 
32.2  ft.  or  32  feet  nearly. 

The  chief  taws  of  falling  bodies  are  as  follows :  When  the  body  starts  from  rest. 
the  space  passed  through  in  the  Erst  second  is  $g.  or  16  ft.  nearly.  The  spaces  in 
successive  seconds  are  as  the  odd  numbers,  1.  3,  5,  7,  etc. ;  the  spaces  from  the  com- 
mencement are  as  the  squares  of  the  consecutive  numbers,  1, 4,  9, 16.  etc  Hence,  to 
find  the  space  passed  through  in  a  particular  second,  we  multiply  16  ft.  by  the  cor- 
responding odd  number ;  and,  to  find  the  space  from  the  commencement,  we  multiply 
16  ft.  by  the  square  of  the  number  of  seconds.  The  velocity  at  any  point  is  found 
by  multiplying  g.  by  the  number  of  seconds  from  rest.  When  a  body  is  projected 
vertically  upwards  with  a  certain  velocity,  it  rises  for  a  number  of  seconds  found  by 
dividing  this  velocity  by  g.,  and  to  height  found  by  dividing  the  square  of  the  velocity 
by  2g„  it  falls  to  the  ground  in  the  same  time  as  it  took  to  ascend,  and  strikes  the 
ground  with  the  velocity  at  starting. 

Falling  Stan.    See  Meteors. 

Fata  Morgana.  A  phenomenon  of  nnusual  refraction  seen  in  the  Straits  of  Mes- 
sina. Under  certain  condition  of  light  a  spectator  sees,  upon  the  Sea  of  Beggio,  a 
series  of  pilasters,  arches,  castles,  lofty  towers,  palaces  with  balconies  and  windows, 
villages,  and  trees,  plains  with  herds  and  flocks,  armies  on  foot  and  on  horseback,  all 
passing  rapidly  in  succession  over  the  surface.  (See  Mirage ;  Refraction,  Un- 
usual') 

Fatty  Acids,  Series  of.  The  homologous  series  of  fatty  acids  are  formed  from 
the  homologous  series  of  alcohols  by  removol  of  hydrogen  and  addition  of  oxygen. 
The  following  members  of  this  series  are  known : — 


Formic  acid 

C  H,0, 

Butte 

C..H„0, 

Acetic  acid 

C,H,  0, 

C,3„0, 

Propionic  acid  . 

a,Ha  o, 

Myristic 

CH^O, 

Butyric  acid 

C,HH  0, 

Palmitic 

.     .     cXA 

Valeric  acid 

CsH1(,0, 

Stearic 

.     .     cSgo, 

Caproic  acid 

c.n.A 

A  radii  die 

C-H^O, 

(Enanthylic  acid 

C.H.,0. 

Oerotic 

C„HM0, 

Caprolic  acid 
Pclargonic  acid  . 

C.HlrO, 

Melissio 

C„H„0, 

O.H^O, 

FATTY. 
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TOm  acids  of  this  group  exhibit  well-defined  properties ;  as  their  complexity  of 
sosaposition  increases  their  boiling  point  rises,  ana  their  acid  properties  decrease. 
n*ey  are  all  volatile,  and  exhibit  a  regular  increase  of  boiling  point  Another 
Mmologons  series  of  fatty  acids  is  that  of  the  Oleic  series,  of  which  the  following  are 
to  principle  members : — 


Acrylic  acid 
Crotonic  acid    . 
Angelic  acid 
Pyroterebic  acid 
Moringic  acid    . 


CsH40, 
C5H802 
C^HjgO, 


Hypogaeic  acid . 
Oleic  acid 
Dceglic  acid 
Erucic  acid 


O..H..O, 


There  are  other  series  of  fatty  acids  which  are,  however,  not  well' defined. 

Patty  Groups,  Homologous.    According  to  Dr.  Odling :— 


Primarj  Terms. 

Seconaarj  Terms. 
k       % 

• 

1 

o 

g 

o 

to 

CH4 
CH4O 

£5«°» 

CH.O, 

Methene. 
Ifethjlie  aloohoL 

Formic  aldehjd.  (?) 
Formio  acid. 
Carbonic  acid. 

•  • 

> 

• 

1 

s 

C.H, 

C.FLO 

C.H.O, 

C.H4O 

C.H404 
C,Ht04 

Ethene. 

Alcohol. 

Glycol. 

Aldehjd. 
Acetic  acid. 
Oljcolie  acid. 
Gljoxjlio  acid 

Oxalie  acid. 

C,H4 
C^O 

Ethylene. 
Blaylio  aloohol. 

• 

►v 

1 

"3 

© 

1 

CH, 

C.H.0 

Cag.0. 

C.H.0 
CaH.O. 

CH.O, 
CAO4 

C,H404 

Propane. 
Prop  jlie  aloohol. 
Propjllo  glycol. 
Glycerin. 

Propionic  aldehjd. 
Propionic  acid. 
Lactic  acid. 
Glyceric  acid. 

Malonlo  acid. 
Tartronlo  acid. 

C,IItO 

C^O 

C,H4Ot 

C.H40, 

c^.o. 

Propjlene. 
All  ylio  alcohol. 

Acrolio  aldehjd. 
Acrolio  acid. 
t  jrario  add. 

Meeoxalle  add. 

• 

9 

0 

C4HM 

C4HwO 

C4HMOt 

C4HtO 
C4H,  0, 
C4Ht  0, 

C4H.O4 
CAO. 
C4H,0. 

Bntene. 

Bntylio  alcohol. 
Batjlie  glycol. 

Bntjrlo  aldehjd. 
Butyric  acid. 
Batllactio  acid. 

8aeeinio  acid. 
Sialic  acid. 
Tartaric  acid. 

C4H, 

C4H.0, 
C4H4O4 

Botylene. 

Crotonic  add. 

Pumarlo  add. 
Ifetatartrlo  acid. 

• 

K 

»* 

1 

e 

■c 

• 
"2 
> 

C,H„0 

C.H.OO, 
C.Hw04 

CAO4 

Eapione. 
Amylie  alcohol. 
Amylio  gl  jcoL 

Valeric  aldehjd. 
Valeric  acid. 
Phocio  acid. 

Pjrotartric  acid. 

CaH10 

C.H.O 
C.H,  0, 

C§H,04 

Amylene. 

Angelic  aldehjd. 
Angelic  acid. 

Itaconio  add. 
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FAYE'S  COMET. FIELD. 


Primary  Terms. 

Secondary  Terms. 

•—• 

Csprene. 
Hexylic  alcohol. 

CaHtl 

Caproylene. 

a 

Caprolo  acid. 
Leacic  acid. 

<*H10Oa 

Pyrotrebic  add. 

o 
u 

C(HM04 

Adipio  acid. 



c.h;0o. 

Mnclc  acid. 

C.H.O, 

Citrioadd. 

Faye  8  Comet.  A  comet  of  short  period,  discovered  by  M.  Faye  on  November 
22,  1843.  Lcverrier  has  shown  that  it  came  into  oar  system  as  far  back  as  the  year 
1747,  when  the  attraction  of  Jupiter  caused  it  to  follow  its  present  track.    (See 

Comet.) 

Ferric  Oxide.    See  Iron. 

Ferrocyanide  of  Potassium.  A  compound  of  potassium  with  the  hypothetical 
radical  ferrocyanogen.  (See  Cyanogen,  Cyanide  of  Potassium.)  It  crystallizes  in 
large  truncated  pyramids  belonging  to  the  dimctric  system,  which  are  of  a  beautiful 
amber-yellow  color.  Formula,  K4Fe2Cy6+3H20.  It  is  readily  soluble  in  water. 
When  fused  at  a  red  heat  it  decomposes  into  cyanide  of  potassium  and  carbide  of 
iron.  Its  solution,  added  to  ferric  salts,  forms  ferrocyanide  of  iron  or  Prussian  bine, 
(See  Prussian  Blue.) 

Ferrous  Oxide.    See  Iron  Oxides. 

Fibres,  Colors  of  Minute.  When  a  luminous  body  is  viewed  through  a  quan- 
tity of  minute  fibres,  such  as  those  of  silk,  it  is  seen  to  be  surrounded  by  a  ring  of 
colors,  which  are  due  to  the  interference  of  the  waves  of  light.  (See  Colors  of 
Grooved  Surfaces;  Colors  of  Thin  Plates  ;  Interference  of  Light.) 

Fibres,  Discrimination  of  Mixed.  At  the  Liverpool  meeting  of  the  British 
Association,  held  in  September,  1870,  Mr.  Spiller  announced  the  discovery  that  silk 
alone  of  all  fabrics  usually  employed  in  the  manufacture  of  textile  fabrics  is  com- 
pletely soluble  in  strong  hydrochloric  acid.  By  immersing  fabrics  made  of  mixed 
silk  and  other  fabrics  in  concentrated  hydrochloric  acid,  the  silk  is  entirely  dissolved, 
whilst  the  cotton,  wool,  flax,  or  jute  is  left  intact  after  the  acid  is  washed  away. 
To  detect  the  presence  of  wool  in  the  residuary  fibres  picric  acid  may  bo  employed, 
which  dyes  the  wool  yellow,  but  has  no  tinctorial  action  on  cotton  or  flax.  The 
hydrochloric  solution  of  silk  has  been  successfully  employed  by  Mr.  Spiller  in  photo- 
graphy. 

Field,  Magnetic,  or  Field  of  Magnetic  Force.  A  term  introduced  by  Fara- 
day to  denote  any  space  through  which  a  magnet  diffuses  its  influence.  The  prop- 
erties of  the  magnetic  field  have  been  mathematically  investigated  by  Professor  J. 
Clerk  Maxwell  (Cambridge  Philosophical  Transactions,  1857,  "  On  Faraday's  Lines 
of  Force.")  The  conception  of  a  field  of  magnetic  force  is  of  great  advantage,  and 
is  most  appropriate,  since  it  is  possible  to  have  a  space  possessing  magnetic  proper- 
ties without  ttic  presence  of  a  magnet.  Thus,  a  space  possessing  these  properties  is 
produced  in  the  vicinity  of  a  conductor  transmitting  an  electric  current  (See 
jElectro-  Dynamics. ) 

In  order  to  express  the  properties  of  a  magnetic  field,  it  is  necessary  to  specify  the 
direction  and  intensity  of  the  force  at  every  point  in  it.  Faraday  has  shown  how 
these  properties  can  be  experimentally  investigated.  (See  Experimental  Re- 
searches.) 

If  a  very  short  magnetic  needle  were  delicately  suspended,  so  as  to  be  capable  of 
turning  in  any  direction  about  its  centre  of  gravity,  and  if  it  were  carried  from  point 
to  point  of  the  magnetic  field,  it  would  indicate  by  its  direction  the  direction  of  the 
force  at  each  point.  If  such  a  needle  were  carried  from  a  certain  point  always  in 
the  direction  in  which  it  points,  it  would  trace  out  a  certain  line,  which  Faraday 
calls  a  line  of  force  through  that  point*    Faraday  therefore  conceived  a  magnetic 

*  Properly  defined,  a  line  of  foroe  is  "  a  line  drawn  from  any  origin  so  that  at  erery  point 
of  its  length  its  tangent  is  the  direotion  of  the  attraction  nt  that  point."  Thomson  and  Tail, 
Natural  Philosophy,  vol.  i.,  which  also  see  for  mathematical  results. 
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field  to  be  traversed  by  these  lines  of  force,  which  indicate  the  direction  of  magnetic 
attraction  at  each  point ;  and  Maxwell  has  shown  that,  by  drawing  the  line  of  force 
by  rale,  "  we  may  indicate  the  intensity  of  the  force  at  any  point  as  well  as  its  direc- 
tion. If  in  any  part  of  their  course  the  number  of  lines  passing  through  unit  of  area 
is  proportional  to  the  intensity,  then  the  same  proportion  between  the  number  of 
lines  in  unit  of  area  and  the  intensity  will  hold  good  in  every  part  of  the  course  of 
the  lines.  All  that  we  have  to  do,  therefore,  is  to  space  out  the  line  in  any  part  of 
their  course  so  that  the  number  of  lines  which  start  from  unit  of  area  is  equal  to  the 
number  representing  the  intensity  of  the  field  there.  The  intensity  at  any  other 
part  of  the  field  will  then  be  measured  by  the  number  of  lines  which  pass  through 
the  units  of  area  there ;  each  line  indicates  a  constant  and  equal  force." 

A  "  uniform  field  of  force"  is  one  in  which  the  lines  of  force  are  straight,  parallel, 
and  equidistant.  Any  place  on  the  earth's  surface  unaffected  by  the  presence  of 
magnetic  matter  in  the  neighborhood  will  be  a  uniform  field  of  force,  and  the  direc- 
tion of  the  force  will  be  that  of  the  dipping  needle  at  the  place.  Faraday  shows 
{Exp.  Researches,  ser.  xxii.,  J  2465)  how  to  obtain  from  artificial  magnefs,  with 
properly  shaped  poles,  an  artificial  field  of  uniform  force. 

The  term  •'  unit  field"  is  also  used  by  mathematicians.  A  unit  field,  or  a  field  of 
nnit  intensity,  is  produced  at  unit  distance  from  a  pole  of  unit  strength  ;  or  it  may 
be  described  as  a  field  in  which  a  unit  pole  will  experience  unit  force. 

Films,  Colon.    See  Thin  Plates,  Colors  of. 

Fire  Damp.     See  Marsh  Gas. 

Figure  of  the  Earth.    See  Earth. 

Fire-Balls.     See  Meteors,  Luminous. 

Fire-Engine.  The  principle  of  this  may  be  regarded  as  combined  of  the  princi- 
ples of  the  suction  and  forcing  pumps.  (See  Suction  and  Forcing  Pump.)  For, 
on  the  one  hand,  the  effective  cylinder  is  usually  some  distance  above  the  source  of 
the  water ;  on  the  other,  the  water  has  to  be  forced  a  considerable  distance  above 
the  working  cylinder.  When  the  water  has  to  be  raised  before  being  projected,  a 
hose  is  employed  which  is  capable  of  resisting  considerable  atmospheric  pressure. 
This  is  fastened  to  a  tube  in  communication  with  the  bottom  of  a  cylinder,  the  junc- 
tion being  closed  by  a  valve  opening  into  the  cylinder.  Another  opening  at  the 
bottom  of  the  cylinder  is  closed  by  a  valve  which  opens  into  a  tube  leading  into  the 
bottom  of  an  "  air  chamber,"  that  is,  a  strong  chest  partly  full  of  air  and  completely 
closed  with  the  exception  of  the  end  of  a  tube  which  reaches  below  the  surface  of 
the  liquid,  and  to  which  the  delivery  hose  with  its  nozzle  is  attached.  On  raising 
the  solid  piston,  the  atmospheric  pressure  forces  the  air  to  ascend  into  the  cylinder 
through  tne  valve  which  opens  into  it  (unless  the  length  of  the  cylinder  above  the 
level  of  the  water  exceeds  32  feet) ;  on  forcing  the  piston  down  this  valve  closes, 
and  the  water  beneath  the  piston  is  urged  through  tne  second  valve  (opening  out- 
ward) towards  the  air-chamber.  It  enters  this,  and  the  corresponding  amount  of 
liquid  is  not  forced  out,  because  the  air  in  the  air-chest  above  the  surface  of  the 
water  is,  in  the  first  instance,  compressed.  The  air  acts  therefore  as  a  compressed 
spring,  and  gradually  delivers  the  water  through  the  delivery  hose  in  a  continuous 
stream.  In  fact,  the  air  acts  as  a  fly-wheel  to  accumulate  force.  By  this  means  the 
sudden  straining  due  to  the  propulsion  of  a  long  column  of  liquid  is  avoided,  and  the 
fireman  is  enabled  to  take  surer  aim.  It  is  nearly  the  universal  practice  to  employ 
two  conjugate  cylinders,  the  water  from  which  is  forced  into  the  same  air-chamber, 
and  which  are  arranged  in  such  a  manner  that  while  the  one  is  being  forced  down 
the  other  is  being  raised.  This  arrangement  completes  the  continuity  of  the  discharge. 

Fire  Flies,  Examination  of  the  Light  from.    The  cucuyos  or  fire  flies  (elater 

noctilucus)  are  coleopterous  insects  very  common  in  Mexico,  where  the  ladies  use 
them  as  ornaments  for  head-dresses,  etc.  Some  were  exhibited  at  the  French 
Academy  of  Sciences  in  September  1865,  when  M.  Pasteur  read  a  paper  on  the 
properties  of  their  phosphorescent  light.  The  light  emitted  by  these  insects  is  so 
intense  that  one  of  them  is  sufficient  to  enable  a  person  to  read  in  the  dark  at  a  short 
distance  from  it.  Examined  in  the  spectroscope  the  light  gives  a  continuous  spec- 
trum, very  beautiful,  but  without  lines.  M.  Pasteur  has  made  the  same  observation 
with  the  light  of  glow-worms.     (See  Spectrum  ;  Spectrum  Analysis  ;  Spectroscope.) 

Firmament.  iFirmamentum,  a  support.)  In  the  astronomy  of  the  ancients, 
the  sphere  of  the  fixed  stars. 

Fixed  TJmn  of  the  Spectrum.    See  Fraunhofer's  Lines. 
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Fixed  Oils.    See  Oil. 

Fixed  Stan.    See  Stars. 

Flame,  Luminosity  of.  {Flamma,  for  flagma,  from  fiagro,  to  burn;  facy; 
Sans,  bhrag,  to  shine.)  Within  the  last  few  years  it  has  been  the  general  opinion 
that  the  luminosity  of  flame  is  due  to  the  presence  in  it  of  solid  particles  (in  most 
cases  carbon)  raised  to  incandescence  by  the  intense  heat  of  combustion.  Many  ex- 
periments support  this  view ;  thus  it  is  known  that  the  hydro-carbons  which  exist  in 
coal  gas  are  decomposed  at  a  high  temperature  with  separation  of  carbon,  and  if 
finely  divided  carbon  is  shaken  or  blown  into  a  non-luminous  hydrogen  flame  it  is 
rendered  incandescent,  and  the  flame  emits  light  of  the  same  character  as  that  from 
an  ordinary  gas  flame.  Again,  if  hydrogen  gas  is  passed  through  chloro-chromic 
acid  and  then  ignited,  a  flame  is  produced,  the  luminosity  of  which  is  evidently  due 
to  the  presence  of  incandescent  particles  of  sesquioxide  of  chromium.  In  an  ordinary 
gas  flame  the  presence  of  free  carbon  particles  is  shown  by  depressing  into  it  a  cold 
substance,  which  will  immediately  be  covered  with  soot  or  by  burning  it  with  an  in* 
sufficient  supply  of  air,  when  the  carbon  becomes  evident  in  the  form  of  smoke. 
Another  argument  which  has  been  brought  forward  to  prove  that  the  luminosity  is 
due  to  incandescent  solid  matter,  is  that  the  spectrum  of  the  light  is  continuous. 
These  strong  arguments  have  been  combated  by  Dr.  Frankland,  and  although  the 
writer  does  not  consider  that  it  has  been  shown  that  the  presence  of  solid  particles  is 
not  frequently  the  cause  of  luminosity,  he  has  certainly  proved  that  flames  which 
are  non-luminous  under  ordinary  circumstances  become  so  when  combustion  takes 
place  at  a  pressure  above  that  of  the  atmosphere.  Dr.  Frankland  shows  that  mix- 
tures of  oxygen  and  hydrogen,  carbonic  oxide  and  oxygen,  and  hydrogen  and  chlo- 
rine, when  burnt  in  close  vessels  so  as  to  prevent  expansion,  give  very  luminous 
flames,  and  he  also  adduces  the  cases  of  metallic  arsenic  in  oxygen,  of  bisulphide  of 
carbon  in  oxygen,  of  bisulphide  of  carbon  in  nitric  oxide,  of  sulphur  in  oxygen,  of 
phosphorus  in  oxygen,  as  instances  in  which  high  luminosity  is  produced  without  the 
presence  of  solid  or  liquid  particles,  and  he  also  shows  that  many  of  these  luminous 
flames  give  continuous  spectra,  thus  upsetting  the  argument  adduced  from  the  con- 
tinuous spectrum  of  coal-gas  flame.  In  the  above  cases  the  increase  of  luminosity 
may  be  supposed  to  be  due  to  the  enormous  increase  of  temperature,  but  Dr.  Frank- 
hind  has  also  shown  that  pressure  has  much  to  do  with  the  luminosity  of  flame. 
Candles  burning  at  a  diminished  atmospheric  pressure,  such  as  at  the  top  of  Mont 
liliinc,  burn  at  exactly  the  same  rate  as  they  do  at  the  foot  of  the  mountain,  but  the 
luminosity  at  the  summit  is  reduced  from  100  to  18.4  (Phil.  Trans.  1861,  p.  631). 
Hy  continuing  the  experiments  at  high  pressure,  it  is  found  that  flames  which  are 
ordinarily  non-luminous  become  luminous ;  thus  a  spirit  lamp  becomes  powerfully 
luminous  in  air  at  a  pressure  of  four  atmospheres,  and  burns  with  a  smoky  flame  at 
higher  pressures.  Dr.  Frankland  gives  in  the  following  table  the  results  of  a  series 
of  experiments  with  a  coal  gas  flame  burnt  under  different  pressures. 


Pressure  of  Air 

Observed 

in  Inches  of 

Illuminating 

Mercurj. 

Power. 

30.2 

100.0 

28.2 

91.4 

26.2 

80.6 

24.2 

73.0 

22.2 

61.4 

20.2 

47.8 

Pressure  of  Air 

in  Inches  of 

Mercury. 

Observed 

Illuminating 

Power. 

18.2 

37.4 

16.2 

29.4 

14.2 

19.8 

12.2 

12.5 

10.2 

3.6 

In  a  more  recent  communication  to  the  Royal  Society,  Dr.  Frankland  has  described 
the  extension  of  these  experiments  to  the  combustion  of  jets  of  hydrogen  and  car- 
bonic oxide  in  oxygen  under  a  pressure  gradually  increasing  to  twenty  atmos- 
pheres. These  experiments  were  made  in  a  strong  wrought-iron  vessel  furnished 
with  a  thick  glass  plate  of  sufficient  size  to  permit  of  the  optical  examination  of 
the  flame.  The  appearance  of  a  jet  of  hydrogen  burning  in  oxygen  under  the  ordi- 
nary  atmospheric  pressure  is  well  known.  On  increasing  the  pressure  to  two  atmos- 
pheres, the  previously  feeble  luminosity  is  very  markedly  augmented,  whilst  at 
ten  atmospheres'  pressure  the  light  emitted  by  a  jet  about  one  inch  long  is  amply 
sufficient  to  enable  the  observer  to  read  a  newspaper  at  a  distance  of  two  wet 
from  the  flame,  and  this  without  any  reflecting  surface  behind  the  flame.     Ex- 
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•mined  by  the  spectroscope,  the  spectrum  of  this  flame  is  bright  and  perfectly  con- 
tinuous from  red  to  violet.  With  a  higher  initial  luminosity,  the  flame  of  carbonic 
oxide  in  oxygen  becomes  much  more  luminous  at  a  pressure  of  ten  atmospheres. 
than  a  flame  of  hydrogen  of  the  same  size  and  burning  under  the  same  pressure. 
The  spectrum  of  carbonic  oxide  burning  in  oxygen,  under  a  pressure  of  fourteen 
atmospheres,  is  very  brilliant  and  perfectly  continuous.  If  it  be  true  that  dense 
gases  emit  more  light  than  rare  ones  when  ignited,  the  passage  of  the  electric  spark 
through  different  gases  ought  to  produce  an  amount  of  light  varying  with  the  den- 
sity oi  the  gas ;  and  Dr.  Frankland  has  shown  that  electric  sparks,  passed,  as  nearly 
as  possible  under  similar  conditions,  through  hydrogen,  oxygen,  chlorine,  and  sul- 
phurous anhydride,  emit  light,  the  intensity  of  which  is  very  slight  in  the  case  of 
nydrogen,  considerable  in  that  of  oxygen,  and  very  great  in  the  case  of  chlorine  and 
sulphurous  anhydride.  On  passing  a  stream  of  induction  sparks  through  the  gas 
standing  over  liquefied  sulphurous  anhydride  in  a  strong  tube  at  the  ordinary  tem- 
perature, when  a  pressure  of  about  three  atmospheres  was  exerted  by  the  gas,  a 
very  brilliant  light  was  obtained.  A  stream  of  induction  sparks  was  passed  through 
air  confined  in  a  glass  tube  connected  with  a  condensing  syringe,  and  the  pressure 
of  the  air  being  then  augmented  to  two  or  three  atmospheres,  a  very  marked  increase 
in  the  luminosity  of  the  sparks  was  observed,  whilst  on  allowing  the  condensed  air 
to  escape,  the  phenomenon  was  reversed. 

Flames,  Sensitive.    See  Sensitive  Flames. 

Flames,  Spectra  o£  See  Spectrum  Analysis;  Elements,  Spectra  of  the;  Me- 
tallic Spectra. 

Flexibility.  (Flexibilitas,  from  flecto,flexum,  to  bend.)  A  property  by  which 
numerous  bodies  easily  yield  to  forces  tending  to  change  their  form  ;  as,  for  example, 
when  a  bar  supported  at  both  ends  is  permanently  bent  by  a  force  acting  at  its 
middle  point,  and  at  right  angles  to  its  length.    (See  Brittleness.) 

Flint.    See  Quartz, 

Florentine  Experiment.     See  Compressibility  of  Liquids. 

Floating  Current.  De  la  Rive,  in  order  to  show  the  motion  of  a  free  current 
in  a  magnetic  field,  invented  a  beautiful  little  apparatus  which  goes  by  this  name. 
Below  a  flat  circular  piece  of  cork  is  attached  a  small  battery,  consisting  of  a  plate 
of  zinc  and  a  plate  oi  platinum  inserted  in  a  short  test-tube,  which  is  filled  with 
dilute  Bulphunc  acid ;  the  terminals  pass  through  the  cork,  and  to  them  can  be 
attached  a  vertical  coil  of  wire  or  a  small  solenoid ;  and  the  whole  apparatus  can 
be  floated  on  water  by  the  support  of  the  cork.  A  current  perfectly  free  to  move 
is  thus  obtained.    For  the  use  of  the  apparatus  see  Electro-Dynamics. 

Flow  of  Liquids.  The  law  according  to  which  liquids  flow  out  of  holes  in  the 
bottoms  or  sides  of  vessels  is  called  Torricelli's  law.  If  we  conceive  a  small  mass 
of  liquid  to  fall  freely  through  a  tube,  starting  from  a  state  of  rest  at  the  upper 
end.  the  velocity  it  has  on  reaching  the  lower  end  is  y/  2  g  I  where  I  is  the  length 
of  the  tube,  and  g  the  accelerating  force  of  gravity  (  =  32  feet  per  second).  This 
rate  is  independent  of  the  density  of  the  liquid,  'f  he  same  law  will  hold  good  for 
a  laterally  neighboring  particle,  also  for  one  which  immediately  follows  the  first 
mass,  and  so  on  ;  in  fact,  for  a  constant  stream  of  contiguous  liquid  masses.  That 
is.  a  stream  of  liquid  falling  freely  down  a  tube,  from  a  state  of  rest  at  the  top, 
will,  if  the  supply  at  the  top  be  constant,  flow  out  at  the  bottom  with  the  velocity 
which  any  falling  body  would  acquire  if  dropped  through  the  same  distance.  When 
water  flows  out  of  a  hole  in  the  bottom  of  a  vessel,  we  may  regard  the  moving  column 
to  be  the  column  immediately  above  the  hole,  reaching  to  the  surface  of  the  water, 
the  water  surrounding  this  column  acting  like  the  sides  of  the  glass  tube  above  sup 
posed.  It  is  true  that  this  column  does  not  slip  down  without  disturbing  the  neigh- 
boring particles.  But  when  once  the  currents  are  established,  due  to  the  friction 
of  the  falling  column  against  the  sides,  so  little  force  is  required  to  keep  them  in 
motion  that  the  above  law  is  found  to  be  approximately  verified  by  experiment,  the 
more  nearly  so  as  the  flowing  liquid  more  nearly  approaches  to  perfect  mobility. 
Thus  mercury  and  water  will  flow  out  at  nearly  the  same  rate,  while  oil  or  glycerine 
will  flow  more  slowly.  The  quantity  of  liquid  discharged  in  this  way  depends, 
therefore,  on  the  depth  (varies  as  the  square  root  of  the  depth),  and  also,  of  course, 
upon  the  size  of  the  opening.  It  is  found  experimentally  that  the  quantity  flowing 
out  of  a  hole  of  twice  the  area  of  another,  is  nearly  exactly  twice  as  much. 

The  same  law  must  apply  to  the  rate  of  flow  out  of  openings  in  the  side  of  a  v 
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maintained  fall  of  liquid  (compare  Lateral  Pressures.  Accordingly,  if  a  series  of 
equal  holes  be  opened  at  equal  distances  down  the  side  of  a  cylinder  kept  perfectly 
full  of  water,  the  rate  of  flow,  and  consequently  the  quantity  which  flows  from  each, 
will  be  proportional  to  the  square  roots  of  the  depths  of  the  openings.  Thus,  if  a 
pint  of  water  flows  out  in  a  minute  through  the  opening  1  inch  from  the  surface,  2 
pints  will  flow  from  the  opening  4  inches  from  the  surface,  3  pints  at  that  9  inches, 
10  pints  from  that  100  inches  below  the  surface,  and  so  on.  It  is  a  law  (almost  sel& 
evident)  of  falling  bodies,  that,  if  a  body  falling  through  a  given  space  acquires  a 
certain  velocity,  the  same  (or  another)  body,  when  projected  vertically  upwards  with 
that  velocity,  will  rise  to  a  height  exactly  equal  to  that  from  which  it  fell  in  the  first 
instance.  Accordingly  we  might  expect  that  if  a  tube,  the  end  of  which  is  bent 
vertically  upwards,  be  fastened  to  a  hole  in  a  vessel  of  water,  the  velocity  acquired 
by  the  water,  as  it  came  out  of  the  hole,  would  be  sufficient  to  carry  it  as  a  fountain 
up  to  the  level  of  the  surface  of  the  water  in  the  vessel.  If  the  jet  of  such  a  foun- 
tain be  vertical,  such  is  very  far  from  the  case,  because  the  water,  which  has  reached 
its  greatest  height,  falls  vertically  down,  encountering  and  depressing  the  rising 
column.  This  interference  is  removed  by  inclining  the  jet,  but  even  then  the  jet 
seldom  reaches  above  ^  of  the  height  of  the  liquid's  surface.  This  is  because  no 
liquid  is  perfectly  mobile,  and  on  account  of  the  friction  which  the  liquid  exercises 
upon  the  sides  of  the  tube,  etc. 

It  is  clear  that  each  particle,  as  it  issues  through  an  opening  in  the  vertical  side 
of  a  vessel  will  be  immediately  influenced  by  gravitation  which  will  give  to  its 
path  the  same  form  as  that  of  a  solid  projectile,  namely,  a  parabola,  the  axis  of 
which  is  the  vertical  side  of  the  vessel.  Tne  succeeding  particles  of  water  will  follow 
the  same  path,  so  that  the  whole  stream  has  a  parabolic  form.  The  focus  of  such  a 
parabola  is  always  that  point  on  the  axis  which  is  as  far  beneath  the  orifice  as  the 
surface  is  above  it. 

The  quantity  of  liquid  which  is  found  experimentally  to  be  delivered  in  a  given 
time  through  a  hole  of  given  size  in  the  thin  bottom  of  a  vessel  of  water  of  given 
height  is  considerably  less  than  that  calculated  from  the  above  formula ;  indeed 
the  actual  quantity  seldom  exceeds  60  per  cent,  of  the  calculated.  The  cause  of 
this  is  to  be  sought  in  the  circumstance  that  the  neighboring  particles  of  water  are 
dragged  into  the  descending  current,  and  having  less  downward  velocity  than  that 
current,  their  inertia  has  to  be  overcome.  Their  place  has  to  be  supplied  by  their 
neighbors  and  so  on,  consequently  a  portion  (40  per  cent.)  of  the  work  of  the  falling 
water  is  expended  in  setting  the  mass  of  the  liquid  in  motion.  Further,  since  the 
lower  portion  of  the  descending  column  is  moving  faster  than  the  higher  portions, 
there  is  always  a  tendency  in  the  column  to  break,  a  tendency  resisted  by  the  pres- 
sure of  the  air  which  forces  the  inert  neighboring  particles  to  enter  the  circumfer- 
ence of  the  column,  and  which  presses  on  the  water  as  it  issues  out.  If  the  actual 
motion  of  such  a  column  be  examined,  which  can  be  done  by  suspending  in  the 
water  fragments  of  some  substance  having  the  same  density,  it  is  found  that  the 
centre  of  the  column  descends  most  quickly,  and  it  is  only  this  portion  whose  velocity 
is  equal  or  nearly  equal  to  the  theoretical  velocity.  It  is  clear  that  those  portions 
of  the  neighboring  water,  which  join  the  current  near  the  bottom  of  the  vessel,  will 
have  imparted  to  them  a  considerable  motion  towards  the  axis  of  the  column.  The 
momentum  of  these  particles  carries  them  towards  the  centre,  in  consequence  of 
which  the  current  immediately  below  the  orifice  is  contracted  into  a  sort  of  waist, 
which  is  called  the  Vena  Contracta  or  Contract iu  Vena?.  A  current  thus  flowing 
steadily  out  of  a  circular  orifice  gradually  tapers  in  a  continuous  stream.  At  a  cer- 
tain distance  from  the  opening  it  appears  to  flatten  out,  to  contract,  to  flatten  out 
again,  and  so  on,  until  it  breaks  into  a  series  of  separately  visible  drops.  If  the 
motion  of  the  expanded  and  contracted  portions  be  followed  by  the  eye,  which  can 
be  done  by  viewing  them  in  a  revolving  mirror,  they  are  seen  also  to  consist  of 
separate  drops  following  one  another  in  such  quick  succession,  that,  under  ordinary 
circumstances,  they  appear  to  form  a  continuous  stream.  The  alternate  bulging 
out  and  contraction  or  the  stream  is  thus  seen  to  be  due  to  the  methodical  contrac- 
tion of  each  drop  in  a  vertical  direction,  and  consequent  bulging  out  in  a  horizontal 
one,  as  the  drop  passes  what  appears  to  be  a  thickening  of  the  current.  When  the 
drops  pass  through  what  appears  to  be  a  thinner  portion  of  the  current,  they  are 
laterally  compressed  and  vertically  elongated. 

The  quantity  of  water  which  flows  through  a  circular  opening  may  be  materially 
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increased  by  adding  a  tube  or  spout  (Fr.  ajoutage.)  Thus,  if  a  short  cylindrical 
tube  be  employed  as  a  spout,  the  quantity  of  water  may  be  increased  up  to  80  from 
60  per  cent,  of  the  calculated  quantity,  provided  that  the  stream  is  in  contact  with 
the  inside  of  the  tube  throughout.  This  is  caused  by  the  adhesion  between  the 
solid  and  liquid  which  occurs,  unless  the  velocity  of  the  efflux  be  very  great.  The 
vena  contracta  then  usually  entirely  disappears.  The  stream  has  a  constant  diame- 
ter, and  therefore  flows  with  uniform  velocity  through  the  spout.  A  still  larger  de- 
livery of  water  is  effected  bv  employing  a  conical  delivery  tube  or  spout,  the  narrow 
end  being  next  to  the  vessel.  If  the  current  be  made  to  touch  all  sides  of  the  spout, 
there  is  generally  a  well-marked  space  containing  air  between  the  vena  contracta 
and  the  spout.  The  water  has,  of  course,  the  greatest  velocity  at  the  narrowest 
part  next  to  the  vessel,  and  the  least  at  the  opening  of  the  tube,  so  that  though  the 
quantity  of  water  which  flows  out  is  increased,  its  velocity  is  diminished.  It  is  the 
spreading  out  of  the  current,  after  passing  the  vena  contracta,  which  causes  the 
increase  in  the  quantity  delivered.  For  the  spreading  out  must  tend  to  produce  a 
vacuum  or  rarefaction,  in  consequence  of  which  the  air  presses  with  greater  force 
upon  the  surface  of  the  water  in  the  vessel,  while  the  stream  itself  is  protected  from 
the  opposite  pressure  by  the  spout.  That  there  is  rarefaction  in  the  neighborhood 
of  the  vena  contracta  is  shown*  by  inserting  a  vertical  tube  in  this  portion  of  the 
spout,  and  letting  the  other  end  dip  into  water.  The  water  will  be  observed  to  be 
forced  up  the  tube  by  atmospheric  pressure. 

Owing  to  capillary  action,  a  liquid  which  wets  a  capillary  tube  will  not  flow  out 
of  it  unless  the  vertical  height  of  the  column  is  twice  that  to  which  the  liquid  would 
rise  in  the  tube.  (See  Capillarity.)  If  a  capillary  tube  be  held  horizontally,  bo 
that  the  weight  of  the  liquid  in  it  may  be  of  no  effect  in  producing  motion,  it  re- 
quires a  certain  force  to  press  a  given  quantity  through  in  a  given  time.  This  force 
Taries  with  the  diameter  and  length  of  the  tube,  and  also  with  the  nature  and  tem- 
perature of  the  liquid.  Poisseville,  who  has  examined  this  subject  with  care,  con- 
cludes that  the  quantity  of  liquid  forced  through  varies  directly  with  the^pressure, 
inversely  with  the  length  of  the  tube,  and  directly  with  the  fourth  power  of  the 
diameter.  It  appears  from  experiments  of  Giraud  that  of  all  pure  liquids,  water 
flows  through  capillary  tubes  with  the  greatest  facility,  but  it  is  surpassed  by  solu- 
tions of  saltpetre.  Alcohol,  under  like  circumstances,  flows  at  about  half  the  rate 
of  water,  and  turpentine  at  a  very  much  slower  rate.  The  temperature,  however, 
makes  an  enormous  difference.  A  rise  of  108°  F.  from  40°  to  148°  increases  the 
rate  of  flow  of  water  threefold.  A  rise  of  60°  F.  in  the  case  of  turpentine,  from 
34°  F.  to  94°,  makes  that  liquid  flow  sixteen  times  as  fast.  It  appears  that  these 
results  include  the  increase  of  flow  due  to  the  increased  size  of  the  tubes  at  the 
higher  temperatures.  But  that  change  of  temperature  has  a  great  effect  indepen- 
dent of  this,  is  seen  by  the  excess  of  the  difference  in  the  rate  of  flow  in  turpentine 
over  that  of  water  for  a  less  temperature  difference. 

Fluids,  Electric.     See  Electricity,  Theories  of. 

Fluorescence.  (From  Fluor-spar  ;fluot  to  flow.)  A  term  used  by  Professor 
Stokes  in  his  explanation  of  the  phenomena  called  by  Sir  J.  Herschel  Epipolic  Dis* 
persion,  and  by  Sir  D.  Brewster  Internal  Dispersion.  By  allowing  a  solar  spec- 
trum to  fall  on  a  fluorescent  substance  such  as  a  solution  of  sulphate  of  quinine,  a 
peculiar  blue  diffused  light  makes  its  appearance  at  the  surface  of  the  fluid  on  which 
the  actinic  or  ultra  violet  rays  fall.  (See  Actinism.)  On  examining  this  light. 
Professor  Stokes  found  that  it  possessed  a  less  rcfrangibility  than  the  incident  rays, 
and  he  was  therefore  led  to  the  discovery  of  the  change  of  the  rcfrangibility  of  the 
rays  of  light,  the  highly  refrangible  actinic  rays  being  degraded  into  luminous  rays 
of  less  refrangibility.  The  effect  of  fluorescence  can  be  seen  without  having  recourse 
to  a  spectrum.  If  daylight,  or,  still  better,  the  highly  actinic  light  of  the  flames  of 
alcohol,  or  of  sulphur  burning  in  oxygen,  are  allowed  to  shine  on  a  fluorescent  sub- 
stance, the  phenomenon  will  be  observed  in  a  marked  degree.  The  best  fluorescent 
substances  are  solution  of  sulphate  of  quinine,  an  aqueous  infusion  of  horse-chestnut 
bark,  an  alcoholic  solution  of  chlorophyl,  tincture  of  turmeric,  alcoholic  extract  of 
thorn-apple  seeds,  and  uranium  glass.  The  color  of  the  fluorescent  light  varies  with 
different  substances;  thus,  with  quinine  or  horse-chestnut  bark  it  is  blue,  with  uranium 
compounds  it  is  greenish-blue,  with  turmeric  or  thorn-apple  it  is  green,  and  with 
chlorophyl  red.  If  sunlight  is  allowed  to  shine  on  a  solution  which  contains  sus- 
pended particles,  it  is  diffused  in  a  manner  which,  at  first  sight,  looks  like  fluorescence* 
20 
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This,  however,  is  simply  due  to  the  light  illuminating  the  suspended  particles.    This 
1b  called  False  Diffusion  or  False  Dispersion. 

Fluorine.  An  element  supposed  by  most  chemists  to  belong  to  the  chlorine  group. 
Symbol,  F.  Atomic  weight,  19.  It  is  a  gas,  but  its  properties  in  the  free  state  are 
almost  unknown,  owing  to  its  intense  affinities,  which  cause  it  to  unite  with  almost 
every  substance  with  which  it  comes  in  contact ;  the  most  successful  attempt  at 
isolating  it  having  been  performed  in  vessels  of  fluor-spar,  which  is  a  fluoride  of 
calcium.  The  most  important  compounds  of  fluorine  are  the  hydrogen  compound, 
fluor-hydric  acid,  or  hydrofluoric  acid :  see  Hydrofluoric  Acid,  and  its  combination 
with  silicon.    (See  Silicon.) 

Fluor  Spar,    See  Calcium,  Fluoride  of. 

Fluosilicio  Acid.    See  Silicon. 

Fly-wheel,  A  wheel  possessing  a  very  heavy  rim,  fixed  upon  the  axis  of  a  Crank 
or  other  convenient  part  of  a  machine  so  as,  by  its  momentum  to  equalise  the  motion 
produced  by  the  action  of  the  connecting-rod  upon  the  crank.  It  receives  momen- 
tum from  the  prime  mover  when  at  its  positions  of  greatest  advantage,  and  expends  it 
in  keeping  up  the  action  of  the  machine  when  the  rod  is  at  its  dead  points.  Conse- 
quently, the  crank  is  carried  round  continually  at  an  approximately  uniform  rate, 
(See  Crank.)  • 

Focal  Point.    See  Focus. 

Foci,  Conjugate.    See  Concave  Mirror. 

FOCUS.  (Focus ,  from  Foveo,  to  heat ;  literally,  a  fireplace.)  In  optics,  the  point 
where  rays  converged  by  a  reflecting  mirror  or  a  convex  lens  meet.  If  the  sun's 
rays  are  employed,  the  greatest  concentration  of  heat  and  light  will  be  at  this  point. 
(See  Virtual  Focus.;  Conjugate  Foci.)  It  is  sometimes  called  the  real  focus; 
where  rays  originally  parallel  meet  is  called  the  principal  focus,  (See  also  iYila- 
cipal  Focus.) 

FOCUS,  Real.    See  Images,  Virtual,  Real. 

Focus,  Virtual     See  Images,  Virtual,  Real ;  Virtual  Focus. 

Fog.    A  cloud  resting  on  or  near  the  surface  of  the  earth. 

Fogs  appear  whenever  the  temperature  of  the  air  falls  markedly  below  the  dew- 
point  ;  so  tnat,  if  any  circumstance  occurs  either  (1)  to  lower  the  temperature  of  the 
air  considerably,  or  (2)  to  pour  more  vapor  into  the  air  than  it  can  hold  in  the  form 
of  invisible  vapor,  a  mist  or  fog — the  aggregate  of  the  particles  of  condensed  vapor 
— makes  its  appearance.  Owing  to  the  fact  that  a  fog  may  be  caused  in  either  of 
these  two  ways,  fogs  result  from  apparently  contradictory  causes.  Thus,  a  river 
flowing  from  a  cold  to  a  warm  region  will  often  be  covered  with  fog.  because  it  is 
colder  than  the  surrounding  air,  which,  becoming  cooled  below  the  dew-point,  dis- 
charges its  moisture  in  the  form  of  fog ;  but,  again,  a  river  flowing  from  a  warm  to 
a  cold  region  will  also  often  be  covered  with  fog,  because  it  pours  more  vapor  into 
the  air  than  cau  be  retained  in  the  invisible  form. 

For  similar  reasons,  whenever  there  is  a  marked  contrast  between  the  temperature 
of  two  regions,  winds  from  either  to  the  other  will  often  bring  fog.  Suppose  a  wisd 
to  blow  across  a  warm  and  then  to  a  cold  region :  In  passing  over  the  warm  region  it 
rises  in  temperature,  and  thus  not  only  retains  its  moisture,  but  can  receive  more 
moisture  without  becoming  saturated ;  but  when  this  wind  reaches  a  colder  region, 
it  is  lowered  in  temperature,  and  if  moisture-laden,  will  be  compelled  to  discharge  a 
portion  of  its  moisture  in  cloud  or  fog,  according  as  it  blows  high  or  low.  On  the 
other  hand,  a  wind  blowing  from  the  cold  towards  the  warm  region  will  often  pro- 
duce fogs,  for  it  will  lower  the  temperature  of  the  air  over  the  warm  region ;  and  if 
that  air  was  nearly  saturated,  it  would  be  unable  to  retain  its  moisture  in  the  invisi- 
ble form. 

Fogs  often  appear  on  mountain  slopes.  The  air  which  blows  up  the  slopes  is 
gradually  lowered  in  temperature,  and  at  length  reaches  a  level  where  its  tempera- 
ture is  lowered  below  the  dew-point,  when  condensation  takes  place. 

The  fogs  which  occur  in  the  winter  months  in  large  cities  built  on  rivers  are  due 
to  cold  winds  which  flow  in  upon  an  accumulation  of  warm  moisture-laden  air. 
After  mild  weather,  with  prevalent  southerly  wind,  a  steady  easterly  current 
almost  invariably  causes  a  dense  fog  to  make  its  appearance,  the  air  being  com- 
pelled to  resign  its  moisture  as  the  temperature  gradually  falls.  (See  Fogs,  Radia- 
tion.) 
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Fog,  Dry.  A  term  applied  to  extensive  clouds  of  dust,  or  smoke,  or  volcanic 
ashes,  resembling  in  appearance  ordinary  fog  or  cloud,  but  not  affecting  the  hygrom- 
eter. Sometimes  these  dry  fogs  have  covered  a  wide  extent  of  country,  or  even  a 
whole  continent  Many  of  them  arc  referable  doubtless  to  the  discharge  of  enor- 
mous quantities  of  volcauic  ashes,  but  others  seem  not  associable  witJi  any  such 
cause.  The  foe  of  1783  was  one  of  the  roost  remarkable  instances  of  a  dry  fog.  It 
extended  from  Norway  to  Syria,  and  from  England  to  the  Altai  Mountains.  It  is 
•aid  to  have  tinged  all  things  with  a  strange  blue  color.  But  "the  sun  at  noon." 
•ays  Gilbert  White,  "  looked  as  blank  and  ferruginous  as  a  clouded  moon,  and  shed 
a  rust-colored  ferruginous  light  on  the  ground  and  floors  of  rooms,  but  was  particu- 
larly lurid  aud  blood-colored  at  rising  and  setting."  In  that  year  there  had  been 
many  subterranean  disturbances  in  Europe,  and,  in  particular,  a  tremendous  series 
of  earthquakes  had  upheaved  Calabria. 

Fogs,  Radiation  of.  On  a  night  favorable  to  the  formation  of  dew — that  is 
when  the  air  is  calm  and  clear,  and  the  earth  is  radiating  its  heat  into  space — the 
air  immediately  above  the  ground  becomes  cold ;  but,  dew  being  formed,  the  tern- 

STature  of  the  air  does  not  fall  considerably  below  the  dew-point.  (Sec  Dew  and 
tut-Point.)  If  the  ground  slope,  however,  the  cold  air  flows  down  to  lower  levels. 
This  cold  air  lowers  the  temperature  of  the  air  which  it  meets,  and  if  that  air  is 
saturated  a  fog  or  mist  is  formed.  Such  a  fog  will  tend  to  increase,  because  water, 
being  a  good  radiant,  the  fog  will  part  quickly  with  its  heat.  Thus,  these  fogs  have 
been  seen  to  rise  like  an  inundation  over  a  wide  range  of  country  bounded  by  grassy 
■lopes  which  extend  to  a  higher  level. 

Fomalhaut.  (Arabic)  The  star  a  of  the  constellation  Piscis  Australis.  It  is 
an  important  southern  star,  usually  recorded  in  maps  as  of  the  first  magnitude,  but 
estimated  by  Sir  John  llerschel  as  a  second  magnitude  star. 

Food.  Functions  of.  In  the  widest  sense  the  word  food  may  be  said  to  compre- 
hend all  things  which,  when  taken  into  the  animal  body,  contribute  to  its  mainten- 
ance or  healthy  action.  It  would  be  absurd  to  apply  the  term  to  a  mere  poison,  or 
to  a  foreign  body,  such  as  a  button  swallowed  by  accident ;  but  the  above  definition 
includes,  in  addition  to  the  ordinary  alimentary  substances,  mineral  salts,  oxygen, 
water,  and  even  quinine  and  other  medicines. 

In  the  more  limited  sense  in  which  the  word  is  generally  used,  food  consists  of 
certain  oxidizable  solids  and  liquids  of  complex  constitution  which,  inasmuch  as  they 
all  contain  carbon,  are  classed  among  organic  compounds.  They  are  divided  into 
two  great  groups  according  as  they  do  or  do  not  contain  nitrogen : — 

L  Nitrogenous,  or  flesh-forming  elements  of  food.    Liebig's  "  Plastic  Elements 

of  Nutrition." 
Albumin,         Fibrin,         Casein,         Legumin,         Gelatin  (?). 
II.  Non-nitrogenous,  or  heat-producing  elements.    Liebig's  "  Elements  of  Res- 
piration." 
Fats  and  Oils,  Starches,  Sugars. 

With  the  exception  of  Gelatin,  which  occupies  a  somewhat  doubtful  position,  the 
nitrogenous  elements  have  for  their  chief  function  the  repair  of  the  muscular  and 
other  tissues.  (See  Muscular  Power.)  The  non-nitrogenous  elements  appear  to 
act  as  mere  fuel,  being  burnt  in  the  body  to  supply  the  force  which  it  expends  as 
heat  and  work.  But  it  cannot  be  doubted  that  inasmuch  as  the  flesh-formers  are 
ultimately  oxidized  in  the  body,  they  also  contribute  to  its  available  force,  and  are 
even  capable  of  replacing  to  a  great  extent  the  non-nitrogenous  elements.  All  the 
more  important  articles  of  food  contain  one  or  more  members  of  each  group. 

Frankland  (Phil  Mag.,  September,  1866)  has  ascertained  with  great  care  the 
calorific  value,  as  burnt  in  the  body,  of  the  most  important  substances  used  as  food. 
Fats  and  oils  are  greatly  superior  "to  all  other  substances  as  sources  of  force,  one 
gramme  of  the  fat  of  beef  when  oxidized  in  the  body  yielding  no  less  than  3841 
metre-kilogrammes  of  force,  whereas  the  dry  lean  yielded  only  2047,  and  dry  bread 
only  1625  metre-kilogrammes.  Oatmeal  and  flour  appear  in  the  tables  as  the  must 
economical  sources  of  force.  It  must  not,  however,  be  forgotten  that  in  estimating 
the  value  of  -a  food,  account  must  be  taken  of  its  flesh-form inq,  as  well  as  of  its 
force-producing  powers ;  and.  moreover,  that  its  usefulness  will  depend  in  no  slight 
degree  on  the  ease  with  which  it  can  be  digested. 
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FoOt-Ponnd.    The  term  expressing  the  unit  selected  in  measuring  the  work  dona 

by  a  mechanical  force.  A  footpound  represents  one  pound  weight  raised  through  a 
height  of  one  foot ;  and  a  force  equal  to  a  certain  number  of  foot-pouods,  fifty  for 
example,  is  a  force  capable  of  raising  fifty  pounds  through  a  height  of  one  foot.  (See 
Dynamical  Unit;    Work.) 

Force.  {Fortis,  strong.)  Any  cause  which  can  move  a  body,  change  its  motion 
or  keep  it  at  real  when  other  forces  aro  acting  upon  it.  In  statics  force  is  synony- 
mous with  pressure,  and  is  measured  by  comparison  with  a  unit  of  weight ;  thai  a 
Statical  force  is  usually  described  as  a  pressure  of  so  many  pounds.  In  dynamics  a 
force  is  that  which  produces  or  changes  motion,  and  is  measured  by  the  velocity  It 
can  impart  to  a  given  mass  in  a  given  time.  The  force  required  to  produce  a  gives 
velocity  in  a  given  time  is  found  by  experiment  to  vary  as  the  mass  of  matter  moved; 
and  the  force  required  to  move  a  given  mnss  varies  as  the  velocity  generated  in  a 

Si ven  time;  hence,  by  choosing  suitable  units  we  may  say  that  the  pressure-pnv 
nciug  motion  is  equal  to  the  product'of  the  mass  moved,  and  the  velocity  generated 
in'A  second  of  time.  The  pressure  in  this  case  is  termed  the  moving  force.  A 
force  which  acts  continuously  on  a  body  so  as  to  accelerate  its  motion  is  sometimes 
termed  an  accelerating  force. 
Force,  Conservation  of.  See  Conservation  of  Energy. 
Foroe,  Electromotive.    Bee  Electromotive  Force. 

Force  exerted  during  Expansion,    See  Internal  Work  of  a  Mae*  of  Matter. 
Force,  Lines  of.    See  Line*  of  Force. 
Forces,  Parallel.     See  Composition  of  Forces. 
Forces,  Parallelogram  of.    See  Parallelogram  of  Forces. 
Forces,  Faralleloptped  of.     See  Parallelopiped  of  Force*. 
Forces,  Polygon  OL    See  Polygon  of  Forces. 
Forces,  Triangle  of.    See  Tnangle  of  Forces. 

Forcing  Pump.     When  liquids  have  to  be  raised  from  a  depth  exceeding  20  or 
2ft  feet,  the  suction  pump  is  not  available.     {See  Suction  Pump.)     The  forcing 
pump  is  then  employed.     [Fig.  65.)     This  consists  of  a  cylinder  or  barrel  in  or  on  a 
level  with  the  water  which  has  to  be  raised.     The  bottom 
Fig.  60.  of  this  cylinder  is  provided  with  two  valves,  the  one  opening 

into  the  other  out  of  the  cylinder,  tho  latter  is  in  the  month 
of  a  tube  which  reaches  up  to  the  height  to  which  the  water 
has  to  be  raised.  A  piston  (without  valves)  is  worked  up 
and  down  in  the  cylinder  by  a  rigid  rod  reaching  to  the  ope- 
rator. Ort  being  pulled  np,  the  water  enters  the  cylinder; 
on  being  forced  down,  the  water  is  forced  oat  of  the  second 
valve,  and  is  raised  in  the  conducting  pipe.  At  the  second 
np  stroke  the  water  is  prevented  from  entering  the  cylinder 
by  the  valve  through  which  it  bad  passed,  while  a  fresh 
quantity  of  water  enters  the  cylinder,  and  bo  on. 

Forests,  Influence  of,  on  Climate.  Forests  have  an 
important  influence  on  climate,  somewhat  resembling  in 
character  that  produced  by  the  neighborhood  of  water.  The 
changes  of  temperature  in  a  forest  take  place  slowly.  Fur- 
ther, evaporation  from  ground  under  trees  proceeds  slowly, 
because  the  sun's  beat  is  warded  off,  and  as  what  vapor  rises 
is  generally  left  undisturbed  by  winds,  forests  arc  regions  of  abundant  moisture,  both 
as  respects  the  soil  they  cover  and  the  air  around  them.  Hence  the  summer  heat 
and  the  winter  cold  are  alike  diminished.  Also,  the  low  temperature  of  forest 
regions  causes  winds  passing  over  them  to  part  with  their  moisture,  so  that  such 
regions  are  usually  rainy. 

Formic  Add.     (formica,  an  ant.)     A  transparent  colorless  liquid,  of  a  pungent 


odor,  and  very  corrosive.  Specific  gravity,  1.23.  Boiling  point,  98.6°  C,  (209°  F.). 
Composition,  CH,0,.  It  mixes  with  water  in  all  proportions,  and  unites  with  bases 
to  form  salts,  which  are  called  Formiates.  It  is  the  first  term  of  a  series  of  homolo- 
gous acids  formed  by  the  oxidation  of  the  alcohols,  acetic  acid  being  the  second 
term.     (See  Alcohols;  Homologous  Substances.) 

Formal 69,  Chemical.    In  order  to  express  shortly  the  composition  of  chemical 
compounds,  a  certain  symbolic  notation   is  used;  certain  symbols  are  grouped 
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together  into  what  is  called  a  chemical  formula  ;  and  with  the  aid  of  chemical 
fonnuhe  the  chemical  changes  which  occur  when  various  bodies  are  put  in  contact 

11 


be  conveniently  represented  by  means  of  chemical  equations.  It  is  the  object 
of  this  article  to  explain  briefly  the  construction  and  use  of  chemical  formulae  and 
equations,  and  especially  so  fur  as  is  necessary  to  the  understanding  of  those  employed 
throughout  this  work. 

To  represent  the  chemical  composition  of  a  substance,  letters  are  nsed  to  denote 
the  elements  which  occur  in  it  These  letters  are  in  general  the  initials  of  the 
English  or  Latin  names  of  the  elements  in  question ;  thus  11  stands  for  hydrogen,  O 
for  oxygen,  ami  K  (kalinm  I  at.)  for  potassium  ;  and  two  characteristic  letters  of  the 
name  when  there  are  two  elements  with  the  same  initial ;  thus  C  stands  for  carbon, 
CI  for  chlorine,  and  Co  for  cobalt ;  N  denotes  nitrogen,  and  Na  (natrium  hit.)  denotes 
•odium.  A  complete  list  of  the  elements  with  their  symbols  uud  atomic  weights  will 
be  found  under  Elements,  Table  of.  In  order  to  symbolize  a  body  composed  of 
several  elements,  the  letters  denoting  these  elements  ure  written  one  following  the 
other  in  an  order  deiiending  on  custom.  Thus,  hydrochloric  acid  (hydrogen  and 
ehloriue)  is  written  II CI ;  and  potassic  hydrate  (potassium,  hydrogen,  and  oxygen) 
KHO. 

But  these  initial  letters  are  made  to  express  more  than  this.  According  to  the 
laws  of  chemical  equivalence  (see  Atomic  Weight  ;  Atomic  Theory),  the  elements 
combine  with  each  other  in  definite  proportions;  and  if  in  any  given  compound  one 
of  the  elements  be,  by  some  chemical  change,  replaced  by  another  element,  a  certain 
definite  quantity  of  the  second  is  always  substituted  for  a  given  weight  of  the  first. 
Thus  potassic  hydrate  always  contains  39  parts  by  weight  of  potassium,  one  part  by 
weight  of  hydrogen,  and  16  parts  by  weight  of  oxygen  ;  and  if  by  any  means  we  can 
substitute  sodium  for  potassium  in  the  compound,  and  thus  produce  sodic  hydrate 
XailO,  39  parts  by  weight  of  potassium  are  always  replaced  by  23  parts  by  weight 
of  sodium.  Moreover,  when  two  or  more  elements  unite  together  m  more  propor- 
tions than  one,  they  unite  in  quantities  which  are  multiples  of  the  weights  called 
their  atomic  weights.  The  numbers  which  we  have  just  been  speaking  of — viz. :  1 
for  hydrogen,  39  for  potassium,  16  for  oxygen,  and  23  for  sodium,  are  the  atomic 
weights  of  those  bodies  respectively ;  and  it  is  found  that  all  the  compounds  of 
potassium  with  oxygen  contain  39  part*  by  weight  of  potassium,  or  a  multiple  of 
that  number  of  parts,  and  16  parts  by  weight  of  oxygen,  or  a  multiple  of  that 
number  of  parts,  and  so  of  all  other  cases  of  chemical  combination.  The  sym- 
bols of  the  elements  are  therefore  made  to  represent  their  atomic  weights ;  thus  the 
combining  proportion  of  hydrogen  being  the  unit,  II  stands  for  1,  0  for  16,  K  for  39, 
Na  for  23,  01  for  35.5,  and  so  forth  (see  the  table  above  referred  to  for  the  atomic 
weights  of  the  other  elements) ;  and  when  we  write  the  symbol  KHO  for  potassic 
hydrate,  we  mean  that  the  body  is  composed  of  potassium,  hydrogen,  and  oxygen 
combined  together  in  the  proportions  39, 1,  and  16,  by  weight  respectively.  Lastly, 
in  order  to  represent  combination  in  multiple  proportions,  we  write  suffixes  in  con- 
nection with  the  symbol  of  the  elements  concerned.  Thus  K  ,0  denotes  that  2  X  39 
parts  by  weight  of  potassium  are  combined  with  16  parts  by  weight  of  oxygen.  On 
this  principle  the  oxides  of  potassium  are  written  thus : — 

Rama.  Symbol.  Potassium.  Oxygen. 

Potassic  Protoxide  K,0  39x2  16x1 

Potassic  Dioxide  KX),  39x2  16x2 

Potassic  Tetroxide  K*04  39x2  16x4 

After  what  we  have  said,  a  few  words  will  suffice  to  explain  the  use  of  chemical 
equations.  When  we  wish  to  represent  a  change  taking  place  on  the  contact  of  two 
or  more  substances,  we  write  on  the  left  hand  side  of  the  algebraic  sign  (=)  equal  to, 
the  symbols  of  the  bodies  mixed,  and  put  between  them  the  algebraic  sign  (4-)  vlus  ; 
and  on  the  right  baud  side  of  the  sign  of  equality  we  write  the  symbols  of  the  bodies 
produced  by  the  reaction  with  the  sign  (+)  between  them.    Thus  the  equation — 

KHO  +  HC1  =  KC1  +  H,0 

means  that  on  bringing  potassic  hydrate  (KHO)  in  contact  with  a  sufficient  quan- 
tity of  hydrochloric  acid  (HOI)  a  chemical  reaction  takes  place,  whereby  potassic 
chloride  (KC1)  and  water  (H20)  are  produced.  It  is  to  be  noticed  that,  since  each 
of  the  symbols  represents  a  certain  weight  of  the  body  for  which  it  stands,  the  quan- 
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tities  of  the  various  bodies  employed  in  a  reaction,  and  the  quantities  of  the  newly, 
formed  bodies  obtained  are  represented  in  the  eauation.*  Thus  KHO  stands  for  56 ; 
and  if  we  please  to  make  a  calculation  in  pounds,  stands  for  56  lbs. ;  on  that  scale 
II CI  represents  36.5  lbs.  of  hydrochloric  acid ;  and  the  equation  affirms  that  on  mix- 
ing- 56  lbs.  of  potassic  hydrate  with  36.5  lbs.  of  hydrochloric  acid,  we  shall  obtain 
74.5  lbs.  of  potassic  chloride  (for  that  is  the  quantity  represented  on  the  one  pound 
scale  by  KC1)  and  IB  lbs.  of  water. 

In  some  cases  it  is  necessary  to  show  that  in  a  reaction  several  equivalents  of  one 
body  are  mixed  with  one  or  more  equivalents  of  another  body.  This  is  done  by 
writing-  a  large  figure  before  the  symbol  with  which  it  is  to  be  connected.  Thus  in 
the  equation, 

Chlorine.  Potassic  Hydrate.       Potassio  Chlorate.       Potaule  Chloride.  Water. 

6C1        +        6KUO.       =        KCIO,       +        5KC1         +        3H,0 

the  employment  of  the  numbers  6,  5,  3,  denotes  that  in  the  reaction  are  concerned 
those  multiples  of  the  bodies  with  whose  symbols  they  are  connected.  The  equation 
we  have  just  given  is  sometimes  written — 

3C1,  +  6KHO  =  KC10S,  etc. 

3C13  being  used  instead  of  6C1  upon  theoretical  considerations,  but  both  mean  the 
same  thing. 

In  a  few  cases  the  sign  ( — )  minus  is  employed ;  thus — 

KC103  —  03  =  KC1 

would  mean  that,  if  from  potassic  chlorate  a  certain  quantity  of  oxygen  be  removed, 
potassic  chloride  is  left,  the  method  of  deoxidation  not  being  indicated  in  the  equation. 

The  mcaniug  of  accents  and  of  Roman  figures  written  above  a  symbol  (as  O"  and 
C1*)  is  explained  under  Atomicity. 

Fornax.  (Abbreviated  from  Fornax  Chemica,  the  Chemical  Furnace.)  One 
of  Lacaille's  southern  constellations. 

Foucanlt's  Pendulum  Experiments.  These  experiments  were  designed  to  prove 
the  rotation  of  the  earth  by  the  variations  of  the  angle  between  the  plane  of  oscilla- 
tion of  a  peudulum,  and  the  plane  of  the  meridian,  that  is  to  say,  by  showing  that 
when  a  pendulum  oscillates  freely,  it  does  not  apparently  maintain  the  same  direc- 
tion, but  that  the  direction  changes  at  different  rates  for  different  latitudes,  and  that 
tfiis  variation  can  be  accounted  for  only  by  supposing  the  earth  to  revolve  on  its 
axis.  An  idea  of  such  an  effect  seems  to  have  occurred  long  ago,  and  is  mentioned 
in  a  paper  in  the  Phil.  Trans.,  1742,  No.  468,  by  the  Marquis  de  Poli,  in  the  course 
of  some  observations  on  the  pendulum.  It  appears  also  (see  Comptes  Rendus,  1851, 
No.  6),  that  in  1837  Poisson  had  hinted  at  such  a  variation,  but  supposed  it  of  in- 
sensible amount. 

The  experiment  depends  on  two  facts ;  first  the  deviation  from  parallelism  to  itselt 
of  the  meridian  of  any  place,  during  the  rotation  of  the  earth.  The  direction  of  the 
meridian  at  any  point,  if  continued  in  a  straight  line,  will  be  a  tangent  to  the  earth 
at  that  point  in  the  same  plane  as  the  axis  of  the  earth,  and  meeting  the  axis  in  a 
point  which  is  more  or  less  distant  from  the  pole  according  to  the  position  of  the 
place.  At  the  equator  this  tangent  line  marking  the  direction  of  the  meridian,  will 
be  parallel  to  the  axis,  and  at  the  pole  perpendicular  to  the  axis.  In  one  revolution 
of  the  earth,  the  tangent  line  will  trace  out  a  cone,  the  developed  angle  of  which  will 
increase  as  we  proceed  from  the  equator  to  the  pole.  It  is  easily  proved  that  if  we 
suppose  the  earth  a  perfect  sphere,  this  angle  varies  as  the  sine  of  the  latitude  of  the 
place,  being  the  angle  obtained  by  multiplying  360°  by  the  sine  of  the  latitude,  hence 
the  inclination  of  two  successive  positions  of  the  meridian  of  a  place  to  each  other 
after  an  interval  of  time  may  be  found  by  taking  the  same  part  of  the  above  angle 
as  the  interval  is  of  twenty-four  hours. 

*  It  should  always  be  borne  in  mind  that  the  symbols  employed  represent  numbers.  Much 
of  the  too  common  abuse  of  chemical  notation  arises  from  forgetting  this.  The  practice  of 
uniting  the  symbol  of  a  body  in  place  of  its  name  is  highly  objectionable.  We  would  also 
protest  against  the  use  of  such  equations  as— 

%  KOlOj+Heat-KCl-HV 

Explanations  onght  to  be  put  in  words,  not  in  equations,  and  introducing  oonfuaion  to  save 
space  id  not  advantageous. 
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The  second  fact  is  the  independence  of  the  motion  of  the  pendulum,  notwithstand- 
ing that  the  point  of  support  is  carried  along  with  the  earth  in  its  rotation,  and  that 
the  whole  seems  to  form  a  part  of  the  earth.  This  is  easily  elucidated  by  very  simple 
experiments,  in  which  the  vibration  of  a  small  pendulum  is  seen  to  continue  parallel 
to  itself  notwithstanding  a  motion  given  to  the  point  of  support ;  the  effect  being,  in 
fact,  only  a  simple  consequence  of  the  coexistence  of  two  motions  communicated  to  a 
body  at  the  same  time. 

from  these  two  facts,  it  would  appear  that,  supposing  the  earth  to  revolve  on  its 
axis,  if  a  pendulum,  consisting  of  a  fine  flexible  wire  and  a  plumb-bob,  be  suspended 
from  the  ceiling  of  a  lofty  room,  and  made  to  oscillate  in  one  plane,  as,  for  instance, 
in  the  plane  of  the  meridian,  or  exactly  north  and  south,  after  a  short  time  the  direc- 
tion of  oscillation  will  not  be  north  and  south,  but  will  have  turned  from  the  north 
towards  the  west.  The  meridian  will  have  gone  through  a  certain  angle  in  conse- 
quence of  the  earth's  rotation,  but  the  direction  of  the  oscillation  will  have  remained 
unchanged.  At  the  pole  the  direction  of  the  pendulum  would  apparently  make  a 
complete  circuit  in  24  hours,  while  at  the  equator  it  would  maintain  the  same  direction. 
The  experiment  originally  made  by  M.  Foucault,  was  repeated  and  confirmed  under 
the  inspection  of  M.  Arago  and  other  emiuent  scientific  men,  with  due  precautions, 
m  Paris,  as  also  at  Ghent,  Brussels,  and  elsewhere.  In  Eugland,  besides  the  public 
repetitions  at  the  Royal,  London,  and  Polytechnic  Institutions,  by  Dr.  Roget,  Mr. 
Bishop.  Dr.  Bence  Jones,  and  Mr.  Bass,  the  experiment  was  tried  at  York  by  Pro- 
fessor Phillips,  and  at  Bristol  by  Mr.  Brent,  with  careful  attention  to  all  the  circum- 
stances likely  to  insure  the  avoidance  of  sources  of  error,  aud  to  secure  precise  results. 
Other  observers  have  also  repeated  it  in  various  places,  especially  at  Dublin,  where 
Messrs.  Ilaughton  and  Galbraith  of  Trinity  College  pursued  the  research  with  all 
imaginable  precautious,  and  obtained  results  somewhat  different  from  those  of  other 
observers.  According  to  nearly  all  the  other  experiments,  the  rate  of  deviation  con- 
tinned  uniform,  although  the  amount  of  deviation  given  by  different  observers  varies, 
according  to  Messrs.  Haughton  and  Galbraith,  the  rate  varied,  and  they  seem  to 
have  been  the  only  observers  who  have  watched  through  a  complete  revolution,  the 
time  of  which  was  observed  to  be  28  hours,  26  minutes. 

The  rates  of  deviation  for  one  hour  were,  at  Paris  about  11°  30',  at  Bristol  11° 
42',  at  Dublin  rather  more  than  12°,  at  York  about  13°.  The  sources  of  probable 
error  are  very  numerous  and  uot  easy  to  guard  against.  Such  are  the  imperfect 
freedom  of  suspension,  resistance  of  the  air,  currents  in  the  air,  etc.  The  most  formi- 
dable, however,  is  the  extreme  difficulty,  amounting  almost  to  impossibility  of  causing 
the  pendulum  to  oscillate  in  one  plane,  and  of  preventing  its  motion  in  a  narrow 
ellipse.  At  starting,  the  bob  is  usually  drawn  aside  and  attached  to  a  fixed  point 
by  a  fine  thread  of  silk,  which  is  afterwards  burnt  by  a  candle. 

On  the  whole,  although  the  experiment  has  been  publicly  repeated  by  men  of 
eminence  aud  experience  as  observers,  yet  the  discrepancies  and  difficulties  con- 
nected with  the  observed  results,  seem  to  indicate  that  the  subject  has  uot  yet  been 
thoroughly  worked  out  It  is  of  high  interest  and  importance,  and  merits  a  revision 
of  the  theory  and  a  repetition  of  the  experiments.  It  should,  however,  be  remarked 
that  if  fully  verified,  the  result  would  hardly  amount  to  a  more  palpable  proof  of  the 
earth's  rotation  than  other  astronomical  phenomena  afford. 

Fracture.  (Frango,  fractus,  to  break.)  Any  rupture  of  a  solid  body  by  which 
its  strength  is  impaired.  Fractures  may  be  classified  according  to  the  kind  of  strain 
or  stress  which  produces  them.  For  instance,  a  direct  pull  may  produce  a  tearing 
or  stretching  fracture,  a  compressing  force  a  crushing  fracture ;  a  transverse  force 
may  produce  either  shearing,  wrenching,  or  transverse  breakage.  An  accurate 
knowledge  of  the  power  of  different  materials  to  resist  forces  tending  to  produce 
fracture  is  exceedingly  important  to  the  engineer.     (See  Strength  of  Materials.) 

Fraunhofer's  Lines.  The  black  lines  which  cross  a  very  pure  solar  spectrum 
were  first  observed  by  Wollaston,  but  they  were  afterwards  examiued  with  so  much 
care  aud  philosophical  refinement  by  Fraunhofer.  that  they  are  generally  called  after 
his  name.    They  are  occasioned  by  the  light  from  lower  portions  of  the  solar  surface 

i which  are  supposed  to  give  a  continuous  spectrum),  passing  through  certain  incan- 
lescent  metallic  vapors,  such  as  iron,  sodium,  magnesium,  hydrogen,  etc..  which  ex- 
ist in  the  upper  portions  of  the  luminiferous  envelope  of  the  sun.  and,  in  a  less  degree, 
through  the  aqueous  vapor  and  permanent  gases  of  the  earth's  atmosphere.  (See 
Spectrum;  Spectrum  Analysis  ;  Metallic  Spectra;  Spectroscope.) 
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Frannhofer's  Lines,  Artificial.  When  a  spirit  flame  containing  a  sodium  com- 
pound is  examined  in  the  spectroscope,  a  bright  yellow  line  is  observed,  due  to  the 
incandescent  sodium  vapor  which  emits  light  of  this  refrangibility.  Bnt  sodium 
vapor  is  also  opaque  to  light  of  the  same  refrangibility,  and  when  this  vapor  is  inter- 
posed in  the  path  of  a  beam  of  light  forming  a  continuous  spectrum  in  the  spectro- 
scope, a  black  line  is  cut  out  occupying  the  position  of  the  luminous  liue  formerly 
observed,  producing,  in  fact,  an  artificial  Fraunhofer  line  D.  By  employing  other 
metallic  compounds,  other  lines  can  be  reversed  in  a  similar  manner,  (oee  Spectrum 
Analysis:  Fraunhofer1  s  Lines ;  Metallic  Spectra;  Spectroscope,) 

Free  Charge.    See  Charge,  Free. 

Freezing  Mixtures,  whose  object  is  the  production  of  artificial  cold,  take  ad- 
vantage of  the  heat  which  is  required  for  the  passage  of  a  body  from  the  solid  to 
the  liciuid  condition.  It  is  explained  (see  Latent  Heat)  that  for  the  mere  change 
from  the  solid  to  the  liquid  state  a  certain  qnantity  of  heat  is  necessary,  and  is  taken 
up  during  the  change  without  increasing  the  temperature  of  the  body.  By  mixing 
together  two  substances,  one,  at  least,  of  which  is  a  solid,  and  which,  on  mixing,  is 
liquefied,  a  very  low  temperature  may  be  produced.  Heat  being  required  for  the 
liquefaction,  the  temperature  of  the  mixture  falls.  The  following  list  of  freezing 
mixtures,  aud  of  the  lowering  of  temperature  due  to  them,  is  given  by  Professor 
Balfour  Stewart : — 


Substances. 

Parts  by  Weight. 

Eeduction  of  Temperature. 

Sulphate  of  sodium, 
Hydrochloric  acid, 

!! 

+10°  C.  (+00°  F.)  to  —17°  C.  (4-1°  F.) 

Pounded  ice  or  snow, 
Common  salt, 

!! 

4-10°  C.  to  —18°  C.  (0°  F.) 

Sulphate  of  sodium, 
Dilute  nitric  acid, 

S! 

+10°  C.  to  —19°  C.  (—2°  F.) 

Sulphate  of  sodium, 
Nitrate  of  ammonium, 
Dilute  nitric  acid, 

"« 

+10°  C.  to  —26°  C.  (—15°  F.) 

Phosphate  of  sodium 
Dilute  nitric  acid, 

51 

+10°  C.  to  —20°  C.  (—20°  F.) 

For  another  method  of  producing  artificial  cold,  see  Refrigerator. 

Freezing  Point,  Influence  of  Pressure  upon.    Professor  James  Thomson  first 

pointed  out  that  it  is  a  consequence  of  the  dynamical  theory  of  heat  that  the  freezing- 
point  of  a  substance  which  expands  in  6olidifyiug  should  be  lowered,  and  that  of  a 
body  which  contracts  in  solidifying  should  be  raised  by  the  application  of  pressure 
during  the  operation  of  freezing.  His  brother,  Sir  W  illiam  Thomson,  shortly  after 
experimentally  verified  the  idea  in  the  case  of  water,  and  showed  that  under  a  pres- 
sure of  16.8  atmospheres  the  temperature  of  its  freezing-point  was  lowered  by 
0°.232  F.,  a  number  which  agrees  closely  with  the  result  calculated  theoretically 
for  that  pressure — namely,  0°.230. 

Bunsen  afterwards  experimented  on  paraffin  and  spermaceti,  bodies  which  contract 
on  freezing,  and  showed,  in  the  case  of  the  latter,  a  rise  in  the  temperature  of  the 
freezing-point  of  5°. 7  F.  for  a  pressure  of  156  atmospheres. 

Mousson  lowered  the  freezing-point  of  water  18°  0.  (32°.4  F.)  by  a  pressure  of 
13,000  atmospheres. 

Professor  James  Thomson  applied  this  result  to  account  for  the  phenomenon  of 
the  "  regelation  of  ice."  By  pressure  a  small  quantity  of  ice  is  liquefied,  and  the 
liquefaction  gives  rise  to  the  disappearance  of  heat  as  latent  heat.  The  adjacent 
portions  of  the  ice  are  thus  chilled  below  the  freezing-point,  and  regelation  is  the 
result. 

Fresnel's  Lens.  Fresnel  has  devised  for  lighthouse  purposes  a  system  of  building 
up,  round  a  central  convex  lens,  large  lenses  composed  of  rings  of  glass  so  curved, 
that  they  all  have  the  same  focus.  The  lamp  beiug  placed  in  this  Focus,  the  diver- 
gent rays  are  refracted  by  the  compound  lens,  aud  rendered  parallel.    (See  Lens.) 

Fresnel't  Rhomb.    See  Rhomb,  FresneVs. 

Friction.  (Frico,  to  rub.)  That  resistance  to  motion  which  arises  from  the 
roughness  of  surfaces,  the  rigidity  of  cords,  and  the  presence  of  air  or  water.    It  is 
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of  the  passive  resistances  to  motion  (sec  Resistance),  preventing  the  bodies 
from  sliding  upon  one  another,  and  depending  on  the  force  with  which  the  bodies  are 
Messed  together.  The  determination  of  the  amount  of  force  required  to  overcome 
motion  in  special  cases  constitutes  one  of  the  most  important  subjects  of  practical 
investigation  connected  with  mechanics. 

No  surfaces  are  perfectly  smooth.  When  a  body  is  laid  upon  a  horizontal  surface, 
even  though  the  surface  be  one  of  polished  steel,  the  application  of  some  amount  of 
force  is  necessary  in  order  to  make  the  body  slide.  The  resistance  which  this  force 
overcomes  is  termed  friction. 

In  order  to  measure  friction,  the  body  under  consideration  is  placed  on  a  plane 
which  can  be  gradually  raised  from  the  horizontal  position  towards  the  vertical  by 
some  mechanical  appliance  such  as  a  screw.  It  is  found  that  the  inclination  of  tho 
plane  at  last  readies  an  angle  such  that  any  further  elevation  of  the  plane  causes 
the  body  to  slide.  (See  Angle  of  repose.)  By  this  means  a  measure  of  friction 
nay  be  deduced  from  the  general  principles  of  the  inclined  plane.  (Sec  Inclined 
Ftane.)  When  a  body  rests  on  a  rough  inclined  plane  three  forces  act  upon  it,  the 
weight  which  is  vertical,  the  reaction  of  the  plane  perpendicular  to  the  plane,  and 
the  force  of  friction  in  the  direction  of  the  plane.  When  the  plane  has  reached  the 
limiting  angle  of  repose,  the  ratio  of  the  force  tending  to  make  the  body  slide  to  the 
force  pressing  it  against  the  plane  is  called  the  coefficient  of  friction.  This  is  tho 
same  as  the  ratio  of  the  height  of  the  plane  to  its  base,  or,  in  other  words,  is  equal 
to  the  tangent  of  the  angle  of  repose. 

In  the  experiment  for  determining  the  coefficient  of  friction,  the  base  taken  as  one 
unit  is  a  foot  in  length,  and  then  the  height  expressed  as  the  fraction  of  a  foot  is  tho 
coefficient  of  friction.  This  number  varies  for  different  surfaces,  and  can  only  be 
obtained  by  direct  experiment.  It  is  always  greater  for  like  than  for  unlike  sub- 
stances. 

The  results  of  experiments  have  established  the  following  laws,  of  which  the  first 
is  fundamental : — 

I.  When  the  materials  composing  the  surfaces  in  contact  remain  the  same,  the 
friction  is  proportional  to  the  pressure.  Suppose  a  block  of  wood,  having  a  hole 
bored  in  it,  to  rest  on  a  plane  inclined  at  the  angle  of  repose ;  if  lead  be  poured  into 
the  hole,  the  screw  may  be  turned  so  as  to  incline  the  plane  at  a  greater  angle  with- 
out causing  the  body  to  slide.  Thus  by  increasing  the  pressure  we  increase  the 
friction. 

The  closeness  with  which  results  of  experiment  coincide  with  this  law  may  be 
seen  by  the  following  table  from  Morin,  relating  to  oak,  with  fibres  perpendicular  to 
one  another : — 


Extent  of  surface 
in  contact. 

Normal  Pressure. 

Pressure  tending  to 

produce  motion  when 

the  body  is  on  the 

point  of  moving. 

Coefficient  of 
friction. 

0.947  aq.  ft. 

121  lbs. 

283 

495 
1995 
2525 

67  lbs. 

151 

232 
1171 
12S7 

0.55 
0.53 
0.51 
0.63 
0.51 

0.043  sq.  ft. 

889  lbs. 
403 
1461 

204  lbs. 

213 

S55 

0.52 
0.53 
0.52 

II.  The  friction  is  independent  of  the  extent  of  the  surfaces  in  contact.  Tho 
angle  of  repose  is  found  to  remain  the  same  whichever  face  of  the  body  is  placed  in 
contact  with  the  plane.  This  result  may  at  first  appear  surprising,  but  a  little  re- 
flection will  show  that  it  is  a  natural  consequence  of  the  first  law ;  fur  if.  in  the 
second  position,  the  area  in  contact  be  five  square  inches,  as  compared  with  forty 
square  inches  in  the  first,  each  square  inch  bears  eight  times  the  pressure,  so  that 
the  friction  per  square  inch  in  the  second  case  is  eight  times  us  much  as  in  tho  first, 
and  the  total  friction  remains  the  same. 

When  the  pressure  per  square  inch  becomes  very  great,  the  friction  ceases  to  in- 
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crease  in  proportion  to  the  pressure.  When  the  pressure  in  building  constructions 
is  so  intense  as  to  crush  or  indent  the  substances  at  or  near  their  surface  of  contact, 
the  friction  increases  more  rapidly  than  the  pressure ;  but  such  a  pressure  should 
never  be  reached  in  any  structure.  Surfaces  which  have  been  long  in  contact  present 
a  variation  in  this  respect,  especially  those  of  substances  which  may  be  sensibly  in- 
dented by  moderate  pressure,  such  as  timber.  When  beams  of  timber  are  mortised 
together,  and  remain  at  rest,  the  parts  acquire  an  additional  force  of  adhesion  and 
cohesion,  which  is  not  proportioual  to  the  pressure  (see  Adhesion  and  Cohesion) ; 
and,  as  a  general  law,  friction  between  bodies,  after  remaining  relatively  at  rest,  is 
greater  than  friction  between  the  same  bodies  in  sliding  over  one  another.  The 
excess  of  this  friction  of  rest  over  the  friction  of  motion  is,  however,  easily  de- 
stroyed by  giving  a  slight  vibration  to  the  bodies,  so  that  in  considering  stability  of 
structures,  we  need  only  reckon  the  friction  of  motion. 

III.  When  the  body  is  in  motion,  the  friction  is  independent  of  the  velocity.  The 
effect  of  friction  is  always  to  resist  the  motion  of  a  body.  Hence,  if  the  object  of  a 
force  be  to  move  a  weight,  friction  opposes  the  power ;  but  if  it  be  applied  to  keep 
a  body  at  rest,  a  less  power  will  be  sufficient  than  if  the  surface  were  smooth. 

Friction  is  a  vast  source  of  loss  of  power  in  machinery.  Usually,  at  least  one- 
third,  and  often  as  much  as  one-half,  of  the  entire  moving  force  employed,  is  occu- 
pied in  overcoming  friction.  Although  friction  in  a  machine  is  a  disadvantage,  it  is 
the  source  of  the  efficacy  of  such  instruments  as  nails,  pegs,  screws,  wedges,  etc ; 
for  example,  when  a  wedge  is  driven  into  a  substance  by  the  force  of  percussion,  it 
would  rebound  after  each  blow  but  for  friction.  Without  friction  most  structures 
would  fall  to  pieces ;  it  is  a  necessary  condition  for  all  forward  motion,  grasping,  etc ; 
indeed,  if  there  were  no  friction  between  the  wheel  of  a  locomotive  engine  and  the 
rail,  the  progress  of  the  wheel  would  be  impossible  for  want  of  the  necessary  purchase. 

Friction  is  frequently  utilized  when  great  resistances  are  required  to  prevent  mo- 
tion. For  example,  a  boat  carried  in  the  current  of  a  stream  may  bo  easily  arrested 
by  making  two  or  three  turns  of  the  rope  attached  to  it  round  a  tree  or  fixed  object 
When  one  surface  slides  on  another,  the  resistance  is  termed  slidina  friction ;  when 
one  rolls  on  the  other,  so  that  different  points  in  each  are  brought  into  contact,  it  is 
termed  rolling  friction.  With  the  same  surfaces  and  pressure,  sliding  friction  is 
mnch  greater  than  rolling  friction.  On  this  account  carriages  are  supplied  with 
wheels,  articles  of  household  furniture  with  castors,  etc.,  and  generally  substances 
are  selected  for  application  in  rolling  friction  which  have  least  coefficients  of  friction, 
combined  with  inexpensivencss.  for  the  required  purpose.  When,  as  in  descending 
a  steep  hill,  it  is  advisable  to  check  the  motion  of  a  carriage,  the  wheel  is  "  locked" 
by  a  chain  or  by  a  break,  so  that  the  friction  thereby  caused  may  ofler  a  greater  re- 
sistance to  the  motion.     (See  Break.) 

The  first  full  investigation  of  friction  was  made  by  Coulomb,  who  published  a 
memoir  on  this  subject  in  1785,  an  abstract  of  which  will  be  found  in  Young's  Nat- 
ural Philosophy,  vol.  ii.  Mr.  Moseley  pointed  out  the  properties  of  the  angle  of 
repose  or  limiting  angle  of  resistance ;  and  General  Monn  investigated  very  fully 
the  calculations  connected  with  friction.  (See  Morin's  Notions  Fondamentales  de 
Mecanique.)    The  following  table  shows  some  of  his  results : — 


Substances. 

Oak  on  oak,  fibres  parallel 

"  "     perpendicular 

Oak  on  elm      "     parallel 
Elm  on  oak      "  " 

Wood  on  wood,  dry 

"  soaped    . 

Metals  on  metals,  dry 

"  wet  and  clean 

Metals  on  oak,  dry  . 

"  soapy 

Leather  on  metals,  dry     . 

wet    . 


Angle  of  Repoae.       Coefficient  of  Friction 


«« 

li 

<< 

a 

u 

a 

greasy 
oily    . 
Smoothest  and  best  greased  surfaces 


31£° 

28JO 

20£O 
3410 

140   to26JQ 
11  jo  to   20 

8J°  to  lljo 
Up 

26J°  to  31° 
lljo 
29JO 
20O 
130 

8J° 

l|°to  2© 


0.62 

0.54 

0.38 

0.69 

0.25  to  0.5 

0.2  to  0.04 

0.15  to  0.2 

0.3 

0.5  to  0.6 

0.2 

0.56 

0.36 

0.23 

0.15 

0.03  to  0.036 
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Frigid  Zone.    See  Arctic  Circle. 

Fringes.  Phenomena  observed  when  the  edges  of  the  shadow  of  a  small  opaque 
body,  such  as  fine  wire,  thrown  by  divergent  light,  are  minutely  examined.  They 
•re  due  to  the  interference  of  the  waves  of  light.     (See  Diffraction.) 

FrOflt.  The  term  used  to  describe  the  weather,  when  the  temperature  descends 
below  32°  Fahrenheit,  so  that  all  superficial  moisture  becomes  frozen. 

Fmit  Sugar.  An  uncrystallizable  mixture  of  dextrose  and  laevulose.  (See 
Sugar.) 

Fuchsine.    See  Aniline. 

Fulcrum.  (Fulcrum,  a  bed-post;  from  fulcire,  to  prop.)  The  fixed  point  about 
which  a  lever  turns.  The  fulcrum  either  lies  between  the  forces,  in  which  case  the 
forces,  if  parallel,  act  in  the  same  direction,  and  the  pressure  on  the  fulcrum  is  their 
mm ;  or  it  lies  on  the  same  side  of  both  forces,  in  which  case  the  forces  act  in  oppo- 
site directions,  and  the  pressure  on  the  fulcrum  is  their  difference.  When  the  forces 
are  not  parallel,  the  direction  and  magnitude  of  the  pressure  on  the  fulcrum  must  be 
found  by  means  of  the  parallelogram  uf  forces.  That  the  fulcrum  shall  be  strong 
enough  to  bear  the  pressure  upon  it  is  an  important  condition  of  equilibrium  which 
must  be  borne  in  mind  in  applying  the  lever.  This  condition  is  referred  to  in  the 
famous  maxim  of  Archimedes,  "  Give  me  a  point  of  support,  and  I  will  move  the 
whole  world."    (See  Lever.) 

Fulminating  Pane.  A  very  simple  form  of  electric  condenser.  It  consists  of  a 
pane  of  glass  having  two  squares  of  tinfoil  pasted  opposite  to  each  other,  one  on 
each  side.  They  cover  nearly  the  whole  side,  leaving  only  a  margin  of  an  inch  or  so 
all  round.  This  margin  ought  to  be  coated  with  shell-lac  varnish  to  improve  its  in- 
sulatiug  powers.  The  pane  is  set  on  a  wooden  frame,  and  one  of  the  tinfoil  coatings 
is  connected  with  this  and  with  a  ring  which  it  carries,  and  thus,  by  means  of  a  chain, 
can  be  put  in  communication  with  the  ground.  The  other  is  put  in  connection  with 
the  electric  machine  when  it  is  to  be  charged.  The  action  is  precisely  that  of  the 
Leyden  ^ar  or  ASninus  Condenser  (q.  v.). 

Fnlminic  Aoia.  An  acid  which  is  known  in  combination  with  bases,  as  fulmin- 
ates, but  which  has  not  hitherto  been  prepared  in  the  free  state.  Their  formula  is 
C/jN^rXXj  (M  denoting  a  metal).  The  principal  fulminates  are  fulminate  ofmer* 
cury.  eind  fulminate  of  silver,  commonly  known  as  fulminating  mercury  and  silver. 
Thev  are  prepared  by  dissolving  the  respective  metal  in  nitric  acid,  and  adding 
alcohol,  when  crystals  are  deposited  on  cooling.  Fulminating  mercury  is  the  princi- 
pal ingredient  in  the  explosive  mixture  of  percussion  caps,  and  is  likewise  used  for 
effecting  the  explosion  of  gun-cotton.  Fulminating  silver  is  seldom  employed,  owing 
to  the  great  danger  attending  its  preparation  and  manipulation. 

Faming.  There  are  certain  liquids  which,  by  exposure  to  the  air,  fume  or  emit 
a  visible  smoke.  Spirit  of  salt,  also  known  as  muriatic  or  hydrochloric  acid,  does 
this.  This  liquid  is  a  solution  of  hydrochloric  acid  gas  in  water  which  absorbs  it 
greedily,  water  at  40°  F.  absorbing  480  times  its  own  bulk  of  the  gas.  But  water 
absorbs  ammoniacal  gas  still  more  greedily ;  for  at  32°  F.  it  will  take  np  1050  times 
its  volume  of  the  gas,  and  yet  the  solution,  known  as  liquor  ammonia:,  does  not 
fume  on  being  exposed  to  the  air.  Why  is  this?  Mr.  Tomlinson  has  given  an  an- 
swer to  this  question  in  the  Chemical  News,  xix.  23,  which  wo  here  abridge.  If 
the  alkaline  solution  be  heated,  the  whole  of  the  gas  can  be  driven  out  of  the  water 
at  about  160°  F. ;  but,  on  heating  the  acid  solution,  it  will  part  with  gas  until  it  has 
a  density  of  1.10  (at  60°),  when  it  will  have  a  boiling  point  of  233°  F.,  and  will 
distil  unchanged. 

Moreover,  the  alkaline  solution  is  lighter  than  its  own  bulk  of  water;  the  acid 
solution  is  heavier.  The  presence  of  the  ammonia  lowers  the  boiling  point  of  water ; 
the  presence  of  hydrochloric  acid  gas  has  a  contrary  effect.  Hence,  the  mode  of 
combination  between  ammonia  and  water  must  be  different  from  that  between  hydro- 
chloric acid  and  water.  The  one  must  be  a  case  of  simple  adhesion,  the  other  of 
trne  chemical  combination  as  well  as  adhesion. 

"  Ammonia  let  out  into  moist  air  simply  adheres  to  the  moisture,  and  increases  its 
volume.     Vapor  of  alcohol,  ether,  etc.,  does  the  same.    Now  any  amount  of  aqueous 
vapor  that  the  air  can  maintain  in  an  invisible  elastic  state,  at  a  given  temperature, 
it  can  maintain  with  increased  effect  in  the  case  of  ammonia  vapor,  alcohol  vapor 
etc.     Hence,  the  combination  of  these  vapors  with  the  moisture  of  the  air  is  nee 
sarily  an  invisible  compound. 
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we  owe  to  the  labors  by  which  he  and  his  son  Sir  John  Herschel  have  investigated 
the  subject,  the  principal  means  we  have  of  forming  an  opinion  respecting  the  figure 
of  the  galaxy.  Before  considering  their  researches,  however,  it  will  be  necessary  to 
give  a  brief  account  of  the  appearance  and  general  characteristics  of  this  wonderful 
zone  of  milky  light.     We  follow  the  account  given  by  Sir  John  Herschel. 

In  the  northern  heavens  the  Milky  Way  is  for  the  most  part  faint.  From  Cephena 
over  Cassiopeia,  Perseus,  Auriga,  etc.,  to  Monoceros  it  forms  a  single  stream,  save 
where,  in  Perseus,  it  throws  out  a  branch  which  can  be  traced  as  far  as  Kpsilon  of 
that  constellation,  and  probably  to  the  Pleiades  and  Hyades.  Beyond  Monoceros, 
southwards,  the  Milky  Way  becomes  broader,  brighter,  and  more  complicated,  open- 
ing out  in  Argo  into  a  fan-like  expansion  some  twenty  degrees  wide.  Here  the 
continuity  of  the  stream  is  interrupted,  a  broad  black  rift  extending  right  across  the 
Milky  Way  in  this  part — one  of  the  widest  and  brightest  be  it  noticed— of  its 
course.  Beyond  the  rift  there  is  another  fan-like  expansion,  whose  widest  part,  like 
that  of  the  other,  abuts  upon  the  rift.  As  the  Milky  Way  narrows  down  towards 
the  head  of  this  expansion,  it  becomes  brighter,  and  its  outline  is  in  places  singu- 
larly well  marked.  In  Crux  it  expands  again,  but  in  the  very  heart  of  this  expan- 
sion there  is  a  large  black  space,  perfectly  clear  of  lucid  stars  and  of  milky  light 
This  is  the  Southern  Coalsack.  Passing  on  towards  Scorpio,  we  find  the  Milky 
Way  dividing,  close  by  a  Centauri,  iuto  two  branches,  of  which,  however,  one  only 
can  be  traced  as  a  distinct  branch  for  any  distance.  This  stream  passes  northwards 
over  Sagittarius,  where  it  exhibits  a  singularly  rich  condensation,  over  Aquila 
where  there  are  several  such  condensations,  'and  thence,  rapidly  diminishing  in 
brightness,  to  Cygnus.  The  other  branch,  so  soon  it  enters  Scorpio,  exhibits  a  mul- 
titude of  complicated  divisions,  subdivisions,  and  detached  portions.  Near  An  tares 
it  throws  a  great  projection  out  towards  Libra,  that  is,  in  a  direction  nearly  at  right 
angles  to  that  of  the  main  stream.  Another  subdivision,  passing  towards  Serpens, 
seems  to  seek  the  main  stream,  but  cannot  be  traced  quite  up  to  it,  coming  to  an 
end  a  few  degrees  to  the  north  of  the  star  /x  Sagittarii.  Returning  to  the  other 
stream  near  Oygnus,  we  find  it  proceeding  onwards  to  Cassiopeia,  throwing  oat  m 
projection  from  Cepheus  towards  the  north  pole,  while  from  Cygnus  a  branch  ex- 
tends southwards,  very  rich  in  Cygnus,  but  rapidly  fading  in  brightness,  until  it 
comes  to  an  end  on  the  equator.  In  most  star  maps  this  branch  is  carried  south- 
wards beyond  the  equator  to  meet  the  branch  which  terminates  near  ft,  Sagittarii 
We  have  Sir  John  Herschel's  authority  for  asserting  that  the  two  branches  do  not 
meet. 

Thus,  taking  a  general  view  of 4  the  Milky  Way,  we  see  that  the  account  usually 
given,  according  to  which  the  galaxy  forms  the  complete  circuit  of  the  heavens, 
and  is  double  along  one-half  of  its  course,  is  incorrect  in  both  respects. 

It  is  necessary  to  make  a  few  remarks  respecting  the  relation  between  the  visible 
stars  and  the  galaxy.  It  is  commonly  stated  that  even  among  the  visible  stars  there 
is  a  marked  increase  of  numbers  in  the  neighborhood  of  the  Milky  Way.  This 
opinion  is  founded  on  a  statement  made  by  Sir  John  Herschel  in  nis  Outlines  of 
Astronomy.  But  it  is  to  be  remarked  that  in  his  great  work  on  the  southern 
heavens  he  asserts  the  exact  reverse.  At  p.  382  of  that  noble  work,  he  remarks 
that  on  a  general  view  of  his  statistical  researches  respecting  stellar  distribution, 
"it  appears  that  the  tendency  to  greater  frequency,  or  the  increase  of  density  in 
respect  of  statistical  distribution  in  approaching  the  Milky  Way,  is  quite  imper- 
ceptible among  stars  of  a  higher  magnitude  than  the  8th,  and  except  on  the 
verge  of  the  Milky  Way  itself  stars  of  the  8th  magnitude  can  hardly  be  said  to 
participate  in  the  general  law  of  increase."  It  is  of  the  utmost  importance,  if  we 
are  to  form  just  views  respecting  the  constitution  of  the  Milky  Way,  that  this 
discrepancy  and  the  interpretation  of  its  existence  should  be  rightly  understood. 
As  a  matter  of  fact  the  visible  stars  are  associated  with  the  Milky  Way  as  Sir 
John  Herschel  remarks  in  his  Outlines,  but  the  association  is  of  a  peculiar  character, 
its  nature  being  such  that  in  considering  whole  zones  of  stars  parallel  to  the  galaxy, 
all  trace  of  the  law  of  association  disappears,  and  thus  the  account  given  in  his 
work  on  the  southern  heavens  is  also  justified.  The  lucid  stars  in  fact  follow  the 
complexities  of  figure  observed  in  the  galaxy,  but  show  no  signs  of  aggregation 
towards  the  zone  to  which  the  galactic  circle  is  referable. 

Now  the  importance  of  this  fact,  which  becomes  clearly  recognizable  in  well- 
constructed  charts  of  the  heavens,  will  become  more  clearly  appareut  when  we 
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Sir  William  Herschel's  researches  into  the  Milky  Way,  and  his  interpreta- 
tion of  them. 

Adopting  as  the  basis  of  his  researches  the  hypothesis  that  the  stars  are  dis- 
tributed with  a  general  uniformity  throughout  the  sidereal  system,  so  that  the  minute 
and  closely  congregated  stars  seen  in  the  Milky  Way  are  in  reality  as  widely  sepa- 
rated as  the  lucid  orbs,  he  devised  a  simple  plan  for  gauging  the  celestial  depth's. 
It  is  clear  that  if  the  sidereal  system  have  limits  and  the  observer  use  a  telescope 
powerful  enough  to  reach  those  limits,  he  need  only  turn  his  telescope  successively 
in  different  directions,  and  count  the  number  of  stars  (of  all  orders)  seen  in  its  field 
of  view,  to  form  a  sufficiently  exact  estimate  of  the  relative  extension  of  the  system 
in  those  directions.  Where  he  sees  few  stars  there  the  limits  of  the  system  must  be 
near  to  him ;  where  many,  there  the  system  has  a  great  extension.  Now  applying 
this  plan,  Sir  Wm.  Herschei  was  led  to  the  conclusion  that  the  sidereal  system  is  of 
the  figure  of  a  cloven  disk,  the  sun  being  nearly  at  the  centre,  but  somewhat  nearer 
to  its  northern  than  its  southern  surface,  and  not  far  from  the  line  in  which  the  two 
lamiue  of  the  cloven  part  of  the  disk  intersect.  Sir  John  Herschei,  applying  a 
similar  series  of  researches  to  the  southern  heavens,  was  led  to  a  conclusion  not 
absolutely  identical  with  that  reached  by  his  father.  He  was  led  to  believe  that  the 
stars  down  to  about  the  10th  or  11th  magnitude,  that  is.  all  the  stars  within  a  sphere 
lar  more  extensive  than  that  which  includes  the  lucid  orbs,  are  spread  more  sparsely 
throughout  space  than  those  which  form  the  galactic  circle.  Instead  therefore  of  a 
cloven  disk,  the  sidereal  system  came  to  be  regarded  by  Sir  John  Herschei,  at  least 
as  regards  its  richer  portions,  as  a  cloven  flat  ring. 

According  to  both  theories,  however,  it  follows  that  the  milky  light  of  the  galaxy 
comes  from  orbs  situated  at  distances  enormously  exceeding  those  which  separate  us 
from  the  faintest  stars  visible  to  the  naked  eye.  Neither  theory,  therefore,  affords 
any  explanation  of  the  fact,  which  is  placed  beyond  all  question,  that  the  stars 
visible  to  the  naked  eye  affect  the  regions  covered  by  the  Milny  Way.  It  is  obvious 
that  the  distant  stars  of  either  theory  could  not  in  any  case,  save  by  the  merest 
accident,  seem  specially  associated  with  the  stars  visible  to  the  naked  eye,  which  lie 
at  less  than  one-eightieth  part  of  their  distance  from  us ;  and  accident  is  not  a  reason- 
able interpretation  of  repeated  coincidences  of  this  sort. 

We  seem  forced  then  to  conclude  that  the  hypothesis  on  which  the  researches  of 
both  the  Herschels  were  based  is  a  mistaken  one.  As  Sir  William  Herschei  was 
led  to  suspect  towards  the  close  of  his  career  as  an  observer,  a  real  richness  of  stel- 
lar aggregation  may  be  the  true  interpretation  of  the  richer  gauges,  instead  of  an 
enormous  extension  of  the  system  in  the  direction  along  which  those  gauges  are 
obtained ;  or,  rather,  we  are  forced  to  recognize  the  former  as  in  many  ca&es  the 
true  interpretation. 

Unfortunately  it  is  a  legitimate  deduction  from  this  that  the  gauges  made  at  the 
expense  of  so  much  labor  by  these  two  eminent  astronomers,  are  practically  value- 
less, at  least  in  so  far  as  the  purpose  for  which  they  were  made  is  concerned.  If  we 
have  no  reason  to  believe  that  a  general  uniformity  of  stellar  distribution  prevails, 
we  can  place  no  reliance  whatever  on  the  llerachelian  plan  of  star-gauging.  In 
counting  stars  the  Herschels  were  in  fact  not  counting  suns  as  they  supposed,  but 
points  of  light. 

It  may  be  questioned,  indeed,  whether  a  clearer  insight  may  not  be  gained  into 
the  real  nature  of  the  Milky  Way  by  the  consideration  of  its  more  obvious  features. 
If  we  contemplate  this  wonderful  zone  as  seen  on  the  heavens  when  the  sky  is  clear, 
we  may  be  lea  to  recognize  peculiarities  of  structure  which  are  markedly  opposed  to 
the  theory  of  Sir  William  Herschei.  This  is  specially  the  case  ns  respects  the 
brighter  parts  of  the  galaxy  in  Cygnns  and  Aquila.  It  seems  impossible  to  con- 
sider this  part  of  the  heavens  attentively  without  being  led  to  the  conclusion  that 
we  are  regarding  a  stream  of  small  stars,  with  which  the  lucid  stare  are  most  inti- 
mately associated.  Hut  it  is  in  the  southern  skies  rather  than  in  our  poorer  heavens 
that  the  real  character  of  the  Milky  Way  is  most  distinctly  shown.  The  whole  of 
the  Milky  Way  between  Argo  and  Scorpio,  as  described  and  figured  by  Sir  John 
Herschei,  forces  on  us  the  conclusion  that  neither  the  cloven  disk  theory  nor  the 
cloven  ring  theory  adequately  represents  the  complexity  of  the  galaxy,  whether 
we  consider  the  fan-shaped  expansions  in  Argo  and  the  wide  dark  rift  t* 

rates  them,  or  the  well-defined  bouudary  of  the  Milky  Way  near  On 
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sack  within  that  constellation,  or  the  complicated  structure  of  the  galaxy  orer 
Scorpio,  it  seems  impossible  to  accept  any  other  interpretation  than  that  the  Milky 
Way  consists  of  really  small  stars,  in  clustering  aggregations  of  different  figure, 
which  have  been  swayed  by  the  attractions  of  the  larger  orbs  into  their  present 
position. 

For  further  information  on  the  subject  of  the  Galaxy  regarded  in  its  relation  to 
the  sidereal  system,  etc.,  see  Sidereal  System  ;  Star,  etc. 

Galena.  Native  sulphide  of  lead,  containing  86.57  per  cent  of  lead  and  13.43 
per  cent  of  sulphur.    It  is  the  principal  ore  of  lead. 

Galilean  Telescope.  The  form  of  telescope  which  was  invented  by  Galileo.  It 
consists  of  an  object  glass  and  a  concave  eye-glass  placed  within  the  focus;  this 
construction  is  now  seldom  used  for  anything  but  opera  glasses. 

Gall.    See  Bile. 

Gallic  Acid.  An  organic  acid  contained  in  most  astringent  parts  of  plants.  It 
crystallizes  in  long  silky  needles,  slightly  soluble  in  cold  water,  but  very  soluble  in 
alcohol.  Formula  C7H608.  When  heated  to  215°  C.  (419°  F.)  it  decomposes  into 
pyrogallic  and  carbonic  acids.  It  is  a  weak  acid,  and  forms  salts  with  bases.  The 
gallate  of  iron  is  the  principal  constituent  of  black  ink 

Galvanic  Battery.    See  Battery,  Galvanic. 

Galvanic  Circle.  A  single  galvanic  cell  together  with  the  interpolar  wire,  or 
wire  which  joins  the  two  metal  plates,  is  sometimes  called  a  galvanic  circle. 

Galvanic  Circuit.    See  Circuit,  Galvanic. 

Galvanic  Current.    See  Current,  Galvanic. 

Galvanic  Pair.  A  single  cell  of  a  battery  (sec  Battery,  Galvanic),  containing 
the  pair  of  metals,  such  as  zinc  and  copper,  and  the  exciting  liquid,  such  as  sulphu- 
ric acid,  is  frequently  spoken  of  as  a  Galvanic  Pair. 

Galvanic  Pile.    See  Pile,  Galvanic. 

Galvanic  Spark.    See  Spark,  Galvanic. 

Galvanism.  That  part  of  electric  science,  which  is  concerned  with  current 
electricity,  is  often  treated  of  under  the  name  Galvanism  (from  Galvani,  professor 
of  anatomy  at  Bologna,  1790,  the  first  investigator  in  this  field).  Galvani  was 
engaged  in  examining  the  supposed  connection  between  electricity  and  animal  life, 
when  he  was  struck  by  an  observation  of  his  wife  that  the  limbs  of  some  frogs, 
which  had  been  skinned  for  eating,  and,  by  chance,  placed  near  to  an  electric 
machine,  contracted  every  time  a  spark  passed  from  the  machine.  Galvani  deter- 
mined to  pursue  the  matter  further,  and  was  soon  led  to  the  discovery  that  the  thighs 
of  a  frog,  skinned  and  suspended,  would  serve  for  a  very  delicate  electroscope,  on 
the  same  principle  as  the  double  gold-leaf  electroscope  (q.  v.).  It  was  while  employ- 
ing them  for  this  purpose  that  he  chanced  upon  a  further  discovery.  He  had 
suspended  some  pairs  of  limbs  upon  an  iron  rail,  and  was  employed  in  testing  for 
atmospheric  electricity  with  their  aid,  when  he  noticed  contraction  taking  place, 
which  he  could  not  account  for  by  its  presence.  On  looking  further  he  found  that 
these  contractions  occurred  when  the  lumbar  nerves  were  connected  metallically  with 
the  crural  muscles.  Galvani  immediately  attributed  the  contraction  to  electricity, 
and  believed  that  the  electricity,  which  he  supposed  to  be  the  vital  fluid,  passed 
from  the  nerves  to  the  muscles  by  means  of  the  metallic  connection,  and  Dy  its 
discharge  into  them  caused  the  motion. 

The  discovery  of  Galvani  soon  produced  a  host  of  inquirers,  and  the  hypothesis 
which  he  put  forward  to  account  for  it  a  host  of  opponents  and  of  supporters.  The 
physiologists,  as  a  rule,  accepted  his  theory,  and  the  most  celebrated  of  those  who 
denied  it  was  Volta,  professor  of  physics  at  Pavia.  Ho,  noticing  that  the  contrac- 
tion in  the  limbs  of  the  frog  were  more  violent  when  the  metallic  connection  between 
the  muscles  and  nerves  is  composed  of  two  metals  joined  together,  attributed  the 
production  of  electricity  to  the  metals,  and  showed  that  the  presence  of  the  limbs 
of  the  frog  is  unnecessary,  in  a  way  that  will  be  explained  immediately.  A  memor- 
able contest  thereupon  arose,  and  Galvani  finally  proved  the  existence  of  animal 
electricity  (see  Electricity,  Animal),  though  obliged  to  admit  that,  at  least,  part 
of  the  phenomena  he  had  noticed  are  not  dependent  on  it. 

The  following  is  what  is  commonly  known  as  Volta' s  Fundamental  Eocperiment: 
Having  prepared  a  bar  composed  of  a  rod  of  zinc,  and  a  rod  of  copper  joined  end  to 
end,  he  held  one  end  of  the  bar  in  his  hand,  and  applied  the  other  to  one  of  the 
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plates  of  his  newly-invented  condensing  electroscope  (see  Electroscope  and  Con- 
denser), while  he  placed  the  other  hand  on  the  other  plate.  He  then  removed  his 
hand  from  the  electroscope  plate,  afterwards  withdrew  the  metal  rod  from  the  other 
plate,  and  finally  raised  the  top  plate  of  the  electroscope  from  the  other.  On  doing 
so.  he  fonnd  the  electroscope  charged,  and  he  accounted  for  the  phenomenon  by  sup- 
posing: that,  at  the  junction  of  the  two  metals,  there  is  a  disturbance  of  electric 
equilibrium  whereby  the  copper  and  zinc  become  oppositely  electrified.  He  looked 
upon  the  junction  of  the  pair  of  metals  as  the  place  where  the  electric  excitement 
takes  its  rise,  and  considered  the  limbs  of  the  frog  in  Ualvani's  experiment  merely 
a  conductor  through  which  a  flow  of  electricity  takes  place. 
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a  series  of  pairs  with  a  conductor  between  each  pair,  he  would  obtain  a  discharge 
increased  power.  He  therefore  constructed  a  pile  consisting  of  pairs  of  zinc  and  silver 
placed  in  a  constant  order,  iscrting  between  each  pair  a  piece  of  cardboard  wet 
with  water;  and  he  obtained  by  means  of  it  powerful  effects  in  his  electroscope  and 
on  application  to  frogs'  limbs,  and  with  about  forty  pairs  received  a  shock  in  the 
hands  and  arms.  The  power  of  the  pile  remained  as  long  as  the  cardboard  was 
sufficiently  wet.  The  pile  was  descrited  in  two  letters  to  Sir  Joseph  Banks,  which 
are  in  the  Philosophical  Transactions  for  1800. 

Very  shortly  after,  Nicholson  and  Carlisle  in  England  applied  an  instrument, 
known  as  Nicholson's  Revolving  Doubler  (an  electric  machine  founded  upon  statical 
induction,  and  fitted  for  delicate  electric  testing),  to  the  pile,  and  showed  that  the 
silver  end  is  negatively,  and  the  zinc  end  positively  electrified.* 

While  experimenting  with  the  pile,  these  naturalists  had  immersed  the  ends  of 
wires  coming  from  the  extremities  of  it  in  water,  intending  to  make  the  water  a 
portion  of  the  conducting  circuit,  when  they  were  struck  by  seeing  small  bubbles  of 
gas  given  off  from  one  of  them.  This  led  to  the  discovery  of  electrolytic  decomposi- 
tion (see  Electrolysis),  and  six  years  after  (1H07),  in  the  hands  of  Sir  Humphry 
Davy,  to  the  decomposition  of  potash  and  other  oxides,  till  then  supposed  to  be 
elements,  and  to  the  isolation  of  the  metals  which  correspond  to  those  oxides. 

Nicholson  and  Carlisle  also  observed  chemical  decomposition  going  on  within  the 
pile,  and  Davy  put  forward  a  theory  which  attributes  the  electric  excitement  to 
chemical  action.  This  was  the  origin  of  the  celebrated  Chemical  Theory,  which  is 
opposed  to  Volta's  Contact  Theory,  and  which  had  for  its  supporters  Wollaston, 
Parrot,  Dc  la  Rive,  Faraday.  There  is  still  division  as  to  the  merits  of  the  two 
theories;  but  the  greatest  authorities  are  in  favor  of  Volta's  Contact  Theory, 
modified,  or  rather  supplemented,  in  accordance  with  our  present  knowledge  of  facts. 
and  with  the  known  laws  of  the  correlation  of  forces. 

The  fundamental  principle  of  the  chemical  theory  is  that  in  the  chemical  action  of 
a  liquid  upon  a  metal,  the  metal  is  charged  with  negative,  and  the  liquid  with  posi- 
tive, electricity.  In  the  case,  then,  of  the  pile,  which  consists  of  a  series  of  zinc, 
moistened  paper,  and  silver  disks  arranged  as  represented — 

—  Z/SZ/SZ/S,+ 

where  Z.  /,  and  S  represent  zinc,  fluid,  and  silver  respectively,  the  first  Z  becomes 
negatively  electrified,  and  the  first  /positively,  at  the  surface  of  contact  between 
them;  the  fluid  by  electrolytic  discharge  (for  a  theory  of  electrolytic  discharge,  see 
Grotthuss*  Hypothesis)  communicates  this  charge  to  the  silver,  and  the  silver  by 
conduction  communicates  it  to  the  next  zinc :  at  the  second  surface  of  contact  be- 
tween the  zinc  and  fluid  a  still  higher  state  of  electric  excitement  is  produced,  and 
so  on,  till  finally,  between  the  last  silver  and  the  first  zinc,  a  high  difference  in  elec- 
tric state  exists,  and,  on  connecting  them  together  by  mcaus  of  a  wire,  discharge 
takes  place  through  it.  But  no  sooner  has  that  occurred  than  a  fresh  charging  by 
means  of  new  chemical  action  commences,  and  if  the  wire  be  again  applied,  a  new 
discharge  through  it  is  obtained ;  or,  lastly,  if  the  ends  of  the  pile  be  kept  con- 

*  This  etateraent  it  apparently  at  variance  with  the  ordinary  phraseology  whioh  ealla  the 
•Urer  end  of  the  pile  positive,  and  the  sino  end  negative.     The  explanation  will  t»* 
below,  where  it  In  shown  thai  two  of  the  platen,  an  external  lino,  and  an  external  sill 
■re  now  unused,  being  of  no  importance  to  the  arrangement. 
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tinually  connected  by  the  wire,  continuous  action  goes  on,  which  is  called  a  flow  of 
electricity.  The  chemical  theory  is  very  fully  stated  and  argued  for  in  the  treatise 
on  electricity,  by  M.  De  la  Kive,  vol.  ii.,  chap.  3. 

According  to  the  contact  theory  of  the  pile  the  seat  of  action  is  at  the  surface  of 
contact  of  the  two  metals.  Volta  showed,  and  though  it  has  been  denied,  and  though 
attempts  to  explain  it  away  are  made  by  the  supporters  of  the  chemical  theory,  it  is 
completely  established,  that  on  bringing  together  two  different  metals  there  is  elec- 
trical disturbance,  one  of  them  becoming  positively,  and  the  other  negatively,  elec- 
trified. Thus  we  have  seen  that  in  Volta's  fundamental  experiment  the  condensing 
electroscope  was  charged  by  means  of  a  compound  bar  of  sine  and  copper.  The 
zinc,  in  fact,  becomes  positively,  aud  the  copper  negatively,  electrified.  Volta  con- 
sidered that  the  office  of  the  liquid  is  to  conduct  the  electricity,  and  constructed  his 
pile  as  represented  below — 

SZ/SZ/SZ/SZ. 

Between  the  first  silver  and  the  first  zinc  a  difference  of  electric  state  is  produced  by 
the  tendency  of  the  zinc  to  become  positive  with  regard  to  the  silver,  the  fluid,  being 
a  conductor,  raises  the  second  silver  to  the  same  state  as  the  first  zinc;  at  the  next 
surface  a  further  disturbance  takes  place,  and  the  second  zinc  becomes  still  more 
highly  excited  in  comparison  with  the  first  silver  than  was  the  first  zinc ;  the  same 
occurs  throughout  the  whole  of  the  series,  and  the  last  zinc  is  put  in  a  high  state  of 
electric  excitement  with  respect  to  the  first  silver,  and  on  connecting  with  a  wire, 
discharge  takes  place.  But  the  office  of  the  liquid  is  not  simply  that  of  a  conductor, 
the  discharge  through  it  takes  place  electrolytically,  chemical  action  going  on  at  the 
zinc  surface ;  and  it  is  owing  to  this  chemical  action,  that  a  current  is  kept  up,  the 
occurrence  of  which  would  otherwise  be  at  variance  with  the  laws  of  correlation  of 
forces.  In  order  to  complete  what  has  been  said  with  regard  to  the  construction  of 
Volta's  pile,  it  is  to  be  remarked  that  the  extreme  plates  of  zinc  and  silver  repre- 
sented above  are  unnecessary;  for  it  will  be  noticed  that,  on  connecting  them  by  a 
wire,  the  tendency  of  the  last  zinc  and  first  silver  is  opposite  in  direction  to  that  of 
all  the  other  pairs;  and  hence,  though  there  is  one  more  pair  by  number,  there  is  no 
additional  effect.    The  pile  complete  then  stands  thus : — 


^Z/SZ/SZ/S^ 


Experiments  on  the  contact  electricity  of  metals  were  made  by  Sir  W.  Thomson 
and  Dr.  Joule,  aud  are  described  in  the  Proceedings  of  the  Literary  and  Philosophical 
Society  in  Manchester,  and  a  more  recent  paper  on  the  same  subject  is  published  in 
the  Proceedings  of  the  Royal  Society  for  1860. 

According  to  the  plan  of  this  work  the  various  subjects  connected  with  galvanism 
are  treated  of  under  the  various  names  which  refer  to  them.  Thus  the  articles  on 
Current.  Electric  ;  Battery,  Galvanic;  Electro-Dynamic* ;  Magneto-Electricity, 
etc. ;  Electrotype  ;  Telegraph,  Electric,  and  so  on,  may  be  consulted  for  informa- 
tion on  these  points. 

Galvanized  Iron.    See  Zinc. 

Galvanometer,  (f**rp<w,  a  measure.)  An  instrument  for  detecting  the  existence 
of.  and  determining  the  direction  and  the  strength  of  an  electric  current.  In  all 
galvanometers  the  principle  of  the  action  is  the  same.  It  depends  upon  the  force 
which  (Ersted  discovered  to  be  exerted  between  a  magnetic  needle  and  a  wire  car- 
rying a  current,  a  force  which  tends  to  set  the  needle  at  right  angles  to  the  direction 
of  the  current,  and  whose  intensity,  other  things  remaining  the  same,  depends  directly 
upon  the  strength  of  the  current.     (See  Electrodynamics.) 

There  are  several  forms  of  galvanometer ;  of  these  the  astatic  galvanometer  is 
described  under  its  more  common  name  of  Multiplier.  Here  we  shall  give  an 
account  of  the  Tangent  Galvanometer,  the  Reflecting  Galvanomettr,  and  the 
Marine  Galvanometer. 

(a)  The  Tangent  Galvanometer.  (Fig.  66).  In  this  instrument  a  very  short  nee- 
dle is  delicately  supported  so  as  to  move  in  a  horizontal  plane  over  a  circle  divided 
into  degrees.  The  point  upon  which  the  needle  turns  is  placed  at  the  centre  of  a  ver- 
tical circle  of  very  thick  copper  wire  through  which  the  current  passes,  entering 
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Fig.  66. 


and  leaving  it  by  two  binding  screws.  The  length  of  the  needle  is  not  more  than  a 
tenth  of  the  diameter  of  the  copper  circle,  and  for  convenience  of  observation  very 
light  pointers  are  frequently  attached  to  its 
ends.  In  order  to  use  the  instrument,  it  is 
placed  with  the  plane  of  the  vertical  circle 
parallel  to  the  line  in  which  the  needle  points, 
that  is,  to  the  magnetic  meridian,  and  the  cur- 
rent is  sent  through  the  circuit  The  needle 
is  deviated  to  one  side  or  other,  and  from 
noting  to  which  side  the  north  end  goes,  the 
direction  of  the  current  is  determined  ac- 
cording to  Ampere's  rule  (q.v.) ;  the  angle 
of  deviation  is  also  noted,  and  from  this  the 
strength  of  the  current  is  inferred.  For  it 
admits  of  proof  that  in  the  instrument  we 
have  described,  if  the  length  of  the  needle 
be  small  compared  with  the  diameter  of  the 
circle  in  which  the  current  passes,  then  the 
strength  of  the  current  is  proportional  to 
the  tangent  of  the  angle  through  which  the 
needle  turns.  Hence  the  name  Tangent 
Galvanometer. 

(3)  In  the  Reflecting  Galvanometer  of 
Sir  William  Thomson  a  very  small,  light 
needle,  made  of  a  short  piece  of  fine  watch-spring,  is  suspended  by  a  single  silk  fibre 
at  the  centre  of  a  coil  or  insulated  copper  wire.  To  the  ueedle  a  very  light  mirror 
two  or  three-tenths  of  an  inch  in  diameter  is  cemented,  the  needle,  mirror,  and  ce- 
ment together  weighing  but  a  few  grains.  The  mirror  is  concave  and  concentrates 
a  beam  of  light  to  a  focus  about  40  inches  (1  metre)  distant.  At  this  distance  is 
placed  a  horizontal  scale  with  a  slit  at  the  centre  and  a  lamp  behind  it,  and  the 
image  of  the  slit  reflected  back  by  the  mirror  falls  upon  the  scale  and  indicates  in 
this  way  the  position  of  the  needle.  Either  by  means  of  the  action  of  terrestrial 
magnetism,  or  with  the  assistance  of  fixed  magnets,  the  length  of  the  ueedle  in  its 
natural  position  is  parallel  to  the  plane  of  the  coils  of  the  wire,  and  from  what  has 
been  said  it  will  be  understood  that  a  current  passing  through  the  wire  deflects  it ; 
the  angle  through  which  it  turns  depending  upon  the  strength  of  the  current.  It  is 
easy  to  show  that  the  angle  read  off  on  the  scale  is  double  of  that  through  which 
the  needle  turns. 

(y)  The  Marine  Galvanometer  is  also  an  invention  of  Sir  W.  Thomson.  It  is, 
in  fact,  a  reflecting  galvanometer  peculiarly  adapted  to  use  at  sea;  an  instrument 
being  required  in  the  laying  of  submarine  cables  which  should  be  at  the  same  time 
of  the  utmost  delicacy  for  testing  purposes,  and  should  not  be  affected  by  the  move- 
ments of  the  ship.  1  he  general  construction  of  the  marine  galvanometer  is  much 
the  same  as  that  of  the  instrument  we  have  just  described.  The  mode  of  suspension 
of  the  needle  differs  in  that  the  needle  and  mirror  are  attached  to  a  vertical  silk 
fibre  stretched  between  two  points,  the  line  of  suspension  passing  as  accurately  as 
possible  through  the  centre  of  gravity.  The  mirror  and  needle  weighing  only  a  few 
grains,  the  rolling  of  the  ship  does  not  alter  their  position  so  far  as  the  instrument 
is  concerned.  In  order  to  avoid  the  influence  of  the  magnetism  of  the  earth  and  of 
the  ship  the  whole  instrument  is  inclosed  in  a  case  of  wrought  iron  having  only  a 
window  in  front  for  the  light  to  pass  through  to  the  mirror.  The  adjustment  of  the 
mirror  to  zero  is  accomplished  by  means  of  magnetic  bars  placed  inside  the  case  ; 
and  the  position  of  them  can  be  altered  by  means  of  screws  so  as  to  make  the  instru- 
ment more  or  less  sensitive  as  required. 

Besides  the  instruments  which  we  have  described  there  arc  a  few  others  which  are 
more  rarely  employed.  Thus  there  is  the  Sine  Galvanometer,  whose  construction 
is  much  like  that  of  the  tangent  galvanometer,  but  the  method  of  using  which  is 
somewhat  different.  The  name  is  derived  from  the  fact  that  the  strength  of  the 
current  is  proportional  to  the  sine  of  the  angle  observed. 

There  are  also  indicators  which,  without  measuring  a  current,  show  that  there  is 
or  that  there  is  not  a  current  passing  through  them ;  and  there  are  differential  § 
vanometers  in  which  two  currents  act  upon  the  needle  at  once,  tending  to  turn  ' 
opposite  directions,  and  their  strength  are  compared  by  means  of  the  instru 
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but  for  description  of  these  we  must  refer  the  reader  to  the  various  detailed  works 
upon  the  subject  of  electricity. 

Gamut,  or  Musical  Scale.  If  two  notes  are  sounded  together  the  ear  is  gratified 
when  the  number  of  vibrations  per  second  of  the  one  note  stands  in  some  simple 
arithmetical  relation  to  that  of  the  other.  Hence  if  we  start  with  a  note  which 
consists  of  say  132  vibrations  per  second  (0),  and  examine  the  notes  whose  vibra- 
tions stand  in  the  simplest  relations  to  this,  we  find  a  series  of  numbers,  16  J,  33,  66, 
132,  264.  528,  etc.,  each  of  which  is  the  double  of  the  preceding  number  and  half 
of  the  succeeding  one.  Each  note,  therefore,  is  an  octave  above  one  and  below  the 
other  of  its  neighbors,  aud  any  two  will  form  a  harmonious  combination  when  Bounded 
simultaneously.  In  general  terms,  if  m  be  the  number  of  vibrations  of  a  given  note, 
the  number  of  vibrations  of  a  note  n  octaves  above  it  will  be  m  2a,  and  that  of  a 

7th 

note  n  octaves  below  will  be  — .    In  musical  instruments  whose  notes  are  limited 

2* 

in  number  and  definite,  the  interval  between  one  of  these  fundamental  notes  and  its 
neighboring  octave  is  divided  into  twelve  intervals.  The  method  employed  is  either 
that  of  "  equal  temperament"  or  that  of  as  far  as  is  possible  harmonic  division.  In 
the  first  system,  every  note  must  have  ^/%  or  1.05964  times  as  many  vibrations  as 
the  lower  neighboring  note.  In  the  harmonic  division  of  the  octave  interval  cer- 
tain leading  notes  are  fixed  in  the  interval,  whose  pitch  bears  the  simplest  possible 
relation  to  the  two  extremes,  as  5/6,  4/5,  3/4,  2/3,  and  the  remaining  notes  are  inter- 
polated in  such  a  manner  that  the  secondary  notes  may  have  as  nearly  as  possible  a 
similar  simple  relation  to  one  another.  These  subdivisions  arc  not  always  the  same. 
The  method  of  division  by  equal  temperament  promises  to  supersede  the  others. 

Garlic,  Oil  of.    See  Allyl  Alcohol. 

Gas  Battery.  In  this  form  of  battery,  constructed  by  Grove,  advantage  is  taken 
of  the  current  produced  when  two  plates  of  platinum,  which  have  been  used  as  elec- 
trodes in  a  cell  for  decomposing  water,  are  connected  together.  Let  two  such  plates, 
one  of  which  has  formed  the  negative  electrode,  or  that  at  which  hydrogen  is  given 
off.  and  the  other  the  positive  electrode  at  which  oxygen  is  liberated,  be  placed  in 
water  acidulated  with  sulphuric  acid,  and  let  them  be  connected  with  the  terminals 
of  a  galvanometer,  it  will  be  found  that  a  current  proceeds  from  the  hydrogen  plate 
through  the  liquid  to  the  oxygen  plate.  The  explanation  of  this  phenomenon  is 
that  hydrogen  and  oxygen  are  deposited  on  the  platinum  plates  in  an  active  condi- 
tion during  the  decomposition  of  water.  (See  JPlates,  Polarization  of.)  The  hy- 
drogen has  a  great  tendency  to  combine  with  oxygen,  and  the  oxygen  a  great  ten- 
dency to  combine  with  hydrogen.  This  gives  rise  to  chemical  action  and  a  current 
between  the  plates.  The  gas  battery  constructed  to  utilize  this  current  consists  of 
cells  which  are  constructed  in  the  following  way :  Two  long  glass  tubes,  closed  at 
one  end,  each  having  a  platinum  ribbon  extending  along  its  whole  length,  and  sup- 
ported by  a  platinum  wire  passing  through  the  closed  end  of  the  glass,  are  filled 
and  inverted  in  a  suitable  vessel  containing  sulphuric  acid  and  water,  and  by  means 
of  the  wires  passing  through  the  glass  a  battery  is  applied,  and  the  tubes  are  filled, 
one  with  oxygen,  the  other  with  hydrogen.  (See  Electrolysis.)  The  battery  is 
then  cast  off,  and  if  the  wires  from  the  tubes  containing  the  gases  be  connected  with 
the  galvanometer,  a  current  is  observed  to  take  place  as  has  been  described.  At 
the  same  time  the  gas  in  the  tubes  is  seen  to  be  consumed,  and  it  is  gradually  turned 
into  water  again,  the  current  flowing  till  all  the  gas  has  been  used  up.  The  gas 
battery  is  made  by  connecting  several  of  their  cells  together,  oxygen  to  hydrogen, 
and  then  passing  the  current  through  them  all  at  once  from  a  sufficient  battery. 
With  eight  or  ten  cells  sparks  may  be  obtained,  and  the  ordinary  phenomena  of 
chemical  decomposition  may  be  exhibited. 

Gases,  Absorption  o£  by  Solids  and  Liquids.  (Absorbeo,  to  suck  up.)  Ab- 
sorption, which  plays  so  important  a  part  in  the  arrangement  of  nature,  appears  to 
be  a  sort  of  penetration  of  the  molecules,  or  rather  of  minute  portions,  of  one  kind 
of  matter  within  pores  or  interstices  of  another.  When  a  porous  body  such  as 
charcoal  is  placed  under  favorable  circumstances  in  a  vessel  containing  a  gas  or 
vapor,  it  has  the  power  of  condensing  within  its  pores  an  enormous  volume  of  the 
gas  or  vapor,  frequently  of  diminishing  the  bulk  of  the  gas  which  it  takes  up,  to  an 
extent  greater  than  that  which  would  turn  the  gas  into  a  liquid ;  and  this  absorption 
is  not  a  chemical  action,  though  the  amount  of  it  depends  on  the  nature  of  the  solid 
or  liquid,  and  on  the  nature  of  the  gas,  for  the  chemical  properties  of  neither  is 
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yfrft^tgttd,  and  the  gas  may  be  wholly  or  almost  wholly  recovered  with  the  aid  of  an 

air-pump. 

Charcoal  is  a  body  which  has  a  very  great  absorptive  power.    De  Saussure  id 
1812  made  a  series  of  experiments  with  that  body,  aud  his  results  have  been  con- 


Volumes. 

. 

Volumes. 

90 

Olefiant  gas  . 

.      35 

85 

Carbonic  oxide 

9.4 

65 

Oxygen . 

9.2 

55 

Nitrogen 

7.5 

40 

Marsh  gas 

5.0 

35 

Hydrogen 

.      1 1.7 

1667,  and  1868.  The  latter  are  concerned  with  the  absorption  of  the  vapors  of 
bodies,  liquid  or  solid,  at  ordinary  tein|>eratures.  In  the  following  table  by  Saus- 
•ure,  taken  from  Miller's  Elements  of  Chemistry,  the  volumes  of  different  gases 
absorbed  by  freshly-burned  boxwood  charcoal  are  given,  the  volume  of  the  charcoal 
being  taken  as  1.  The  experiment  is  made  by  introducing  charcoal  red-hot  under 
the  surface  of  mercury,  and  without  exposing  it  to  the  air,  passing  it  into  a  vessel 
inverted  over  the  mercury  and  containing  the  gas.  The  diminution  of  volume  is 
thus  noted : — 

Absorption  of  Gases  by  Charcoal. 

Ammonia  • 

Hydrochloric  acid  . 
Sulphurous  acid  gas 
Sulphuretted  hydrogen . 
Nitrons  oxide 
Carbonic  acid  gas . 

Different  kinds  of  charcoal  have  different  powers  of  absorption.  Thus  Hunter 
showed  that  while  boxwood  charcoal  absorbs  85.6  volumes  of  ammonia  gas,  logwood 
charcoal  absorbs  111.3  vols.,  ebouy  charcoal,  106.7  vols.,  and  charcoal  made  from 
the  shell  of  the  cocoa-nut,  171.7  vols. 

But  by  far  the  most  interesting  case  of  absorption  by  solids  is  that  of  the  absorp- 
tion of  gases  by  the  metals.  For  the  investigation  and  explanation  of  what  we  now 
know  on  the  subject,  we  are  indebted  to  the  late  Master  ot  the  Mint,  Professor  Gra- 
ham. The  power  which  spongy  platinum  has  of  condensing  gases  at  its  surface 
has  long  been  known.  A  jet  of  hydrogen  allowed  to  fall  upon  a  small  mass  of 
spongy  platinum,  by  its  condensation  raises  the  platinum  to  an  intense  heat,  and,  if 
tnere  be  oxygen  present,  becomes  ignited.  This  fact  is  made  use  of  in  the  Dobe- 
reiner's  lamp.  Or  if  a  slip  of  platinum  foil  be  held  in  the  flame  of  a  llnnsen's 
burner  till  it  is  thoroughly  cleaned,  and  if  the  flame  be  then  extinguished  and  the 
foil  be  allowed  to  hang  within  the  tube,  while  the  gas  mixed  with  air  rises  around 
it,  it  will  be  found  to  glow  for  any  length  of  time  for  a  similar  reason.  Hut  Deville 
and  Troost  showed  that  hydrogen  is  absorbed  into  iron  and  platinum  when  hot,  and 
Graham,  in  May  1867,  showed  that  meteoric  iron  contains  hydrogen,  having  been 
probably,  if  not  certainly,  cooled  in  an  atmosphere  of  that  gas.  Graham  showed 
also  that  hydrogen  gas  passes  through  heated  platinum.  He  fonnd  that  through  a 
plate  of  platinum,  in  size  one  square  metre  and  1.1  millimetre  thick.  489.2  cubic 
centimetres  of  the  gas  passed  in  one  minute.  He  considered  that  the  pas  was  ab- 
sorbed as  a  liquid  and  then  given  out  on  the  other  side.  On  examining  the  power 
of  absorption  for  hydrogen  of  platinum  in  different  forms,  he  found  wrought  plati- 
num, when  heated  and  allowed  to  cool  in  the  gas.  to  take  up  5.53  volumes :  ham- 
mered platinum,  2.28  to  3.79  volumes;  fused  platinum,  0.171  of  its  own  volume. 
Oxygen  and  the  other  gases  are  scarcely,  if  at  all.  absorbable  by  the  metal.  In  the 
case  of  palladium,  however,  he  was  led  to  a  most  unexpected  result.  In  a  paper  of 
May  1868,  he  showed  that  palladium,  when  made  the  negative  electrode  of  a  gal- 
vanic battery,  so  that  hydrogen  is  set  free  upon  its  surface,  takes  up  935  volumes 
of  the  gas,  or  0.723  parts  by  weight;  that  the  properties  of  palladium  are  much 
altered  by  the  absorption  of  hydrogen,  and  concluded  that  hydrogen  thus  condensed 
becomes  a  metal  which  he  names  hydrogenium,  and  whose  specific  gravity  he  cal- 
culated as  1.708.  Graham  was  led  by  these  and  similar  experiments  to  the  division 
of  metals  into  crystalloid  and  colloid,  and  believed  that  the  passage  of  hydrogen 
into  palladium  is  analogous  to  the  diffusion  of  a  liquid  through  a  colloid  boav.  We 
mast  refer  the  reader  for  details  on  this  most  interesting  subject  to  his  pap 
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lished  in  the  Proceedings  of  the  Royal  Society,  which  we  have  mentioned  above, 
and  to  two  read  in  January  and  June  1869. 

On  the  subject  of  the  absorption  of  gases  by  liquids  the  researches  of  Bunsen  are 
are  by  far  the  most  complete.  Bunsen  examines  the  laws  of  absorption  of  a  gms  by 
a  liquid  when  the  bodies  do  not  act  chemically  upon  each  other.  He  determined 
the  value  of  what  is  called  the  coefficient  of  absorption  for  various  gases;  that  if 
the  quantity  of  the  gas  which  is  absorbed  by  the  unit  volume  of  a  given  liquid  at 
standard  temperature  (0°  C.t  32°  F.),  and  pressure  (760mm%  29.9210'),  and  established 
the  laws  according  to  which  the  amount  or  absorption  is  altered  by  a  change  in  tem- 
perature and  pressure.  The  following  table  from  Miller's  Elements  of  Chemutry 
gives  the  coefficients  of  absorption  for  various  gases  in  water  and  alcoboL  The  re- 
sults are  those  of  Bunsen  and  Carius : — 


Gates. 


Volumes  of  Gas  Absorbed  by  one  Volume  of 
Water.  Alcohol. 


Ammonia 

1049.60 

•  •  • 

Hydrochloric  Acid  Gas    . 

505.9 

•  •  • 

Sulphurous  Acid  Gas       , 

68.861 

328.62 

Sulphuretted  Hydrogen  . 
Carbonic  Acid  Gas 

4.3706 

17.891 

1.7967 

4.3295 

Nitrous  Oxide  . 

1.3052 

4.1780 

Olefiant  Gas     . 

0.2563 

3.5950 

Nitric  Oxide    . 

*                 ... 

0.31606 

Marsh  Gas 

.    •         0.05449 

0.52259 

Carbonic  Oxide 

0.03287 

0.20443 

0.28397 

Nitrogen  .... 

0.02035 

0.12634 

•  •  • 

Hydrogen 

0.01930 

0.06925 

Bunsen  showed  that  if  the  temperature  is  constant  the  weight  of  the  gas  absorbed 
varies  directly  with  the  pressure,  a  law  which  was  given  first  by  Dr.  Henry ;  and  that 
the  quantity  of  the  gas  absorbed  diminishes  with  the  pressure;  and  he  gave  a 
formula,  with  constants  obtained  by  observation,  for  calculating  the  quantity  ab- 
sorbed at  any  temperature,  the  pressure  remaining  constant.  We  must  refer  the 
readers  to  Bunsen's  original  papers  in  Liebig's  Annalcn,  and  in  the  Philosophical 
Magazine,  1855,  aud  to  Gasometric  Methods,  by  R.  Bunsen,  translated  by  lioscoe, 
for  details  and  numbers. 

When  a  mixture  of  gases  is  in  contact  with  a  liquid  the  amount  absorbed  of  each 
is  proportional  to  its  volume  in  the  mixture  multiplied  by  its  coefficient  of  absorp- 
tion, corrected,  of  course,  for  temperature  and  pressure.  Thus,  in  the  case  of  com- 
mon air,  dissolved  in  water,  the  proportion  of  oxygen  to  that  of  nitrogeu,  at  60°  F., 
is  40  to  66 ;  while  the  constituents  of  air  arc  mixed  in  the  proportion  of  1  to  5, 
roughly  speaking.  This  observation  will  be  found  to  agree  with  the  rule  just 
given. 

In  nature  the  absorption  of  gases  by  liquids  is  of  the  highest  importance.  It  is 
by  the  air  absorbed  in  water  that  submarine  plants  and  animals  are  sustained.  The 
life  of  trees  depends  upon  the  absorption  of  carbonic  acid  from  the  air ;  and  in  the 
lungs  of  the  higher  animals  it  is  by  absorbtion  that  oxygen  is  communicated  to  the 
blood. 

Gas,  Diminution  of  Light  of,  by  Admixture  of  Air.    See  Diminution  of 

Light  of  Gas  by  Admixture  of  Air. 

Gas-Engine.  This  name  is  given  to  a  class  of  engines  of  small  power  which  are 
worked  by  the  ignition  of  coal  gas  mixed  with  air.  There  are  several  varieties  in 
common  use;  the  main  features  however  are  the  same  in  all.  The  construction  of  a 
gas-engine  is  usually  the  same  as  a  horizontal  steam-engine  in  all  respects,  excepting 
iu  the  parts  for  conveying  alternately  to  the  right  and  the  left  of  the  piston  gas  in- 
stead of  steam.  The  gas  is  not  usually  led  from  the  main  directly  into  the  cylinder, 
but  is  admitted  in  measured  quantities  into  a  kind  of  vessel  from  which  it  passes 
first  into  a  small  mixing  chamber,  where  it  is  mixed  with  the  required  quantity  of 
air,  and  then  into  the  cylinder,  its  admission  being  governed  by  a  slide  valve.  In 
some  engines,  of  which  the  Lenoir  gas-engine  may  be  taken  as  the  type,  the  gas  is 
ignited  by  an  electric  spark  which  is  caused  to  pass  at  the  proper  instant  within  the 
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cylinder.  In  the  Hugon  engine  tbe  ignition  is  effected  by  two  small  ga^-jets  carried 
in  toe  recesses  of  tbe  slide  valve,  one  for  each  end  of  the  cylinders.  These  jets  are 
■applied  with  gas  by  short  flexible  tubes  which  accommodate  themselves  to  the 
movement  or  the  valve.  Each  jet,  aa  it  in  turn  effects  the  ignition  of  the  explosive 
mixture,  is  extinguished ;  but  at  each  stroke  tbe  recesses  containing  the  gas-jets  are 
brought  outside  the  respective  cods  or  the  faces  between  which  tbo  valve  works 
where  the  movable  jets  are  re-lit  by  fixed  jets  which  are  kept  permanently  burning. 
A  spray  of  water  is  admitted  into  the  cylinder  at  each  stroke,  and  being  converted 
by  the  heat  of  the  cylinder  into  steam  adds  to  the  power  of  the  engine,  and  acts  as 
•  lubricator. 

Gang,  Elasticity  of.    See  Elasticity  of  Oases, 

Gum,  Index  01 Refraction  of.  tiafies  refract  light  which  enters  them  from  a 
medium  of  different  density,  as  in  the  cose  of  solids  and  liquids.  (See  Table  of  Re- 
fractive Indices  of  Gases  ;  Refraction,  Index  of.) 

Gases  of  Blast  Furnaces.    See  iron. 

Gum,  Resistance  of,  to  Moving  Bodies.    See  Resistance  of  Gases  to  Moving 

Oun,  Side  Pressure  of  Moving.    See  Side  Pressure  of  Moving  Gases. 

fin ira.  Spectra  of  Incandescent.    Bee  Geisslcr's  Tubes. 

Gases,  Weight  of.    See  Weight  of  Gases. 

Gasometer  is  the  name  usually  given  to  the  apparatus  employed  in  laboratories 
for  collecting,  storing,  ami  approximately  measuring  considerable  quantities  of 
gases.  It  is  also  used  for  the  large  rcservoiPem ployed  for  collecting  and  distributing 
coal  gas  used  for  illuminating  purposes.  (Fig.  67.)  The  gasometer  of  the  labora- 
tory consists  essentially  of  an  iron  cylindrical  vessel  closed  at  tup  and  bottom,  above 
which  is  supported  a  cylindrical  trough.    (Fig.  68.)    A  hole  near  the  bottom  of  the 


Fig.  67. 


Fig.  68. 


cylinder  can  be  closed  by  a  screw  [a).  Near  the  top  of  the  cylinder  is  a  cock  (6) 
communicating  with  the  outer  uir.  Two  tunes  communicate  between  tlic  cylinder 
and  the  trough  ;  the  one  (c)  reaches  clown  to  the  botlom  of  the  cylinder,  the  other 
(d)  passes  oiily  just  through  its  upper  end ;  both  are  provided  with  cocks.  Finally, 
a  glass  tube  running  parallel  to  the  cylinder  and  close  to  its  side  com mun tea tes  with 
the  top  and  bottom  of  it.  Thin  serves  us  ft  gauge  for  seeing  how  full  the  gasometer 
is  of  gas.  If  the  gasometer  be  filled  nith  water,  and  oil  the  cocks  be  shut,  tbe 
screw  plug  (a)  may  be  opened  without  the  water  coming  out,  on  account  of  the 
atmospheric  pressure.  The  end  of  a  gas  delivery  tube  may  be  inserted  into  this 
hole  and  the  gas  collected  ;  water  of  course  Hows  out  nt  the  hole.  When  the  vessel 
is  full  the  plug  muy  be  inserted  and  the  upper  trough  filled  with  water. 
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the  cock  (c)  the  air  in  the  gasometer  will  be  put  under  pressure,  and  it  may  be  col- 
lected or  used  as  it  issues  by  opening  the  cocks  (6,  or  d). 

Gassiot's  Tubes.     See  Vacuum  Tubes. 

Gauss'  Magnetometer.    See  Balance,  Bifilar. 

Geissler's  Tubes.  (So  named  from  the  manufacturer.)  When  gases  are  highly 
rarefied  they  conduct  electricity  of  high  tension,  and  the  minute  residue  of  each  par- 
ticular gas  remaining  in  a  so-called  vacuum  gives  very  characteristic  colors,  and 
spectrum  phenomena.  A  Geissler's  tube  consists  of  a  hard  glass  tube  containing 
what  is  technically  known  as  an  oxygen  vacuum,  a  nitrogen  vacuum,  a  hydrogen 
vacuum,  a  carbonic  acid  vacuum,  etc.,  and  furnished  at  each  end  with  a  platinum 
wire  passing  through  the  glass.  The  inner  extremities  of  the  platinum  are  generally 
connected  with  aluminium  wire.  If  a  Geissler's  tube  is  contracted  in  any  portion 
the  luminous  appearance  is  greatly  intensified,  and  if  glass  of  different  composition 
is  employed  for  different  portions  of  the  tube  (Uraniam  glass  for  instance),  the  phe- 
nomena of  fluorescence  and  consequent  change  of  tint  are  very  striking.  For  exhi- 
bition these  tubes  are  made  of  an  endless  variety  of  forms  and  shapes  and  contain 
spirals,  crosses,  globes,  vases,  and  other  devices  inside  them.  The  current  is  sup- 
plied from  an  induction  coil,  and  when  of  appropriate  strength,  and  the  vacuum  tube 
suitable,  very  beautiful  stratifications  are  seen  to  cross  the  tube.  The  light  from  a 
carbonic  acid  vacuum  inclosed  in  a  narrow  spiral  tube,  is  sufficiently  powerful  to  be 
used  as  an  illuminating  agent,  under  special  circumstances  where  otner  sources  of 
light  would  be  inapplicable,  such  as  for  illuminating  cavities  in  the  human  body  for 
surgical  operations.  When  the  light  |fom  these  tubes  is  examined  in  the  spectro- 
scope, it  gives  a  spectrum  peculiar  to  each  gas.  Under  certain  conditions  of  tem- 
perature and  pressure,  the  spectrum  of  some  gases  suddenly  changes.  (See  Spectra 
of  the  First,  Second,  and  Third  Order ;  see  also  Spectroscope ;  Spectrum  Ana- 
lysis ;   Vacuum  Tubes.) 

Gelatin.  A  pale  yellow  translucent  substance,  somewhat  elastic  and  vitreous, 
obtained  from  bones,  cartilage,  and  other  animal  substances.  Isinglass  is  a  very 
pure  kind  of  gelatin  obtained  from  the  sturgeon,  while  common  glue  is  an  impure 
Kind  obtained  from  refuse  animal  matter.  Gelatin  is  insoluble  in  cold  water,  but 
swells  and  increases  very  much  in  weight  after  soaking  in  it,  forming  a  jelly.  This 
dissolves  in  hot  water.  A  very  dilute  solution  of  gelatin  has  the  property  of  gela- 
tinizing when  cold,  but  prolonged  boiling  destroys  this  power.  The  composition  of 
gelatin  is  not  definitely  ascertained. 

Gemini.  (The  Twins.)  A  sign  of  the  zodiac.  The  sun  enters  this  sign  on  about 
the  21st  of  May,  leaving  it  on  about  the  21st  of  June.  Also,  a  constellation,  occu- 
pying the  zodiacal  region  corresponding  to  the  sign  Cancer.  The  principal  stars  of 
this  constellation  must  have  varied  little  in  relative  brilliancy  since  the  time  when 
their  quality  first  suggested  the  name  of  the  asterism.  as  they  are  at  present  nearly 
equal  in  lustre.  Pollux  is  slightly  the  brighter,  however.  It  is  a  coarse  quadruple 
star.     Castor  is  one  of  the  finest  double  stars  in  the  heavens. 

Geocentric,  (yrj,  the  earth ;  xtptpov,  the  centre.)  A  term  used  in  astronomy  to 
express  the  position  or  motions  of  the  various  members  of  the  solar  system  referred 
to  the  earth  s  centre.  The  apparent  motion  of  the  moon,  as  seen  from  any  place  on 
the  earth's  surface,  differs  appreciably  from  the  moon's  calculated  geocentric  motion. 
As  regards  the  other  members  of  the  solar  system,  however,  the  geocentric  motion 
is  not  considered  by  way  of  comparison  with  the  apparent  motion,  but  as  distin- 
guished from  the  heliocentric  motion  (q.  v.).  The  geocentric  longitude  of  a  planet 
is  the  angle  included  between  two  planes,  both  passing  through  the  earth's  ceutre 
and  at  right  angles  to  the  ecliptic  plane,  one  passing  through  the  planet's  centre  and 
the  other  through  the  first  point  of  Aries.  It  is  measured  from  the  first  plane  to 
the  second,  in  order  of  the  signs.  The  geocentric  latitude  of  a  planet  is  the  angle 
which  a  line  joining  the  centres  of  the  earth  and  planet,  makes  with  the  plane  of 
the  ecliptic,  and  is  reckoned  north  or  south,  according  as  the  planet  lies  to  the  north 
or  the  south  of  the  ecliptic. 

Geodesy,  {yrj,  the  earth ;  and  fcuo,  to  divide.)  In  modern  science,  geodesy  com- 
prehends all  those  geometrical  and  trigonometrical  processes  by  which  the  earth's 
surface  is  measured  and  surveyed.  It  is  on  the  comparison  of  such  measurements 
with  the  results  of  astronomical  observations  indicating  the  relation  between  the 
points  measured  and  the  celestial  sphere,  that  the  determination  of  the  earth's  figure 
principally  depends.    Thus  geodesy  will  tell  us  that  a  certaiu  line,  measured  from 
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north  to  sonth,  has  a  determinate  length,  but  not  what  its  figure  may  be;  astronomy, 
Iit  showing  that  the  horison-plane  at  the  one  end  of  the  line  differs  in  position  from 
the  horisou-planc  at  the  other,  and  also  that  the  change  of  position  of  the  horizon- 
plane  accrues  uniformly  along  the  line,  shows  that  the  line  is  the  arc  of  a  circle. 
The  description  of  the  instruments  used  in  geodesy  helongs  to  mathematics,  rather 
than  to  physical  science ;  but  many  physical  considerations  have  to  be  very  carefully 
attended  to  in  geodesy.  Amongst  these  we  muy  note  in  particular:  (1)  Those 
which  determine  the  laws  of  the  expansion  and  contraction  of  metals  under 
variations  of  temperature  (see  Expansion);  and  (2)  The  effects  of  atmospheric 
refraction  under  different  circums lances  of  pressure,  temperature,  and  humidity. 

Georgian  SidtU.  The  name  given  by  Sir  Wm.  IJerschel  to  the  planet  Uranus, 
which  he  discovered.     The  name  has  long  since  become  obsolete. 

Geostatic  Arch.    Bee  Arch. 

fleyaen.  (Derived  from  an  Icelandic  word,  signifying  roaring.)  (Fig.  CD.) 
Hot  springs  in  Iceland,  which  project  masses  of  hot  water,  earth,  etc.,  at  intervals 


from  their  depths.  These  springs  follow  the  range  of  active  volcanoes  belonging  to 
the  Jokull  or  Icy  Mountains.  Professor  Tyndall  thus  describes  the  chM  character- 
istics of  the  region  where  the  Geysers  arc  found :  "  From  the  ridges  and  chasms 
which  diverge  from  the  mountains  enormous  masses  of  steam  issue  at  intervals, 
hissing  and  roaring;  and  when  the  escape  occurs  at  the  mouth  of  a  cavern,  the 
resonance  of  the  cave  often  raises  the  sound  to  the  loudness  of  thunder.  Lower 
down,  in  the  more  porous  strata,  we  have  smoking  mud-pools,  where  a  repulsive 
hlue-black  aluminous  paste  is  boiled,  rising  at  times  in  Im^e  bubbles,  which,  on 
bursting,  scatter  their  slimy  spray  to  a  height  of  IS  or  20  feet.  From  the  liase  if 
the  hills  upward  extend  luc  glaciers,  and  above  these  are  the  snow-fields  which 
mJwn  the  summits.  From  the  arches  and  fissures  of  the  fanciers  vast  masses  of 
water  issue,  falling  at  times  h  cascades  over  walls  of  ice.  and  spreading  for  miles 
over  the  country  before  they  find  definite  outlet."  It  is  beneath  the  morasses  tlmi 
formed  that  the  volcanic  rocks  lie,  to  whose  heat  the  production  or  the  Geysers  is 
primarily  due. 

The  explanation  of  the  phenomena  presented  by  Geysers  is  due  to  Frofessor 
Itunsen.  It  may  he  thus  presented:  lieneath  a  geyser-basin  there  is  n  tube  filled,  as 
is  the  basin  in  part,  with  water  at  a  high  temperature.  "With  the  processes  which 
haro  led  to  the  formation  of  this  tube,  we  are  not  here  concerned  :  it  is  necessary  tu 
DOte,  however,  that  the  tube  is  communicated  with  by  ducts  from  below,  in  which  steam 
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is  generated  from  time  to  time  by  the  heat  of  the  subjacent  rock.  Bat  although  the 
water  in  the  tube  is  always  hot,  yet  we  must  conceive  of  it  as  not  heated  at  any 
time  (not  even  just  before  the  explosion)  to  the  boiling  point  due  to  the  pressure 
at  each  level  throughout  the  tube.  The  water  is  hottest  at  the  bottom  of  the  tube 
where  the  pressure  is  greatest,  and  therefore  the  boiling  point  highest.  From  this 
point  upwards  the  heat  diminishes,  but  less  rapidly  below  than  higher  up.  Hence 
at  a  certain  height  the  heat  approaches  the  boiling  point  nearer  than  at  any  height 
either  above  or  below  that  point.  Now  let  us  consider  the  result  of  this  state  of 
things.  It  is  probable  that  if  nothing  occurred  to  interfere  with  the  heating  pro- 
cess, the  boiling  point  would  be  reached  at  some  part  of  the  tube,  with  results  not 
differing  remarkably  from  those  which  actually  took  place.  But  Professor  Bunsen 
has  been  able  to  determine  the  heat  of  the  water  a  few  minutes  before  explosion, 
and  he  finds  that  at  no  part  of  the  tube  does  the  water  actually  reach  the  boiling 
point.  From  time  to  time,  as  we  have  said,  there  is  an  inrush  of  steam  through  the 
ducts,  followed  by  the  rise  of  the  water  in  the  tube,  the  level  of  the  water  in  the 
basin  being  obviously  disturbed.  Now,  suppose  one  of  these  inrushes  to  so  raise 
the  water  in  the  tnbe  that  as  the  upper  part  of  the  raised  water  seeks  its  level  in 
the  basin,  the  pressure  on  the  lower  parts  is  diminished  sufficiently  to  bring  the 
boiling  point  of  the  water  near  the  middle  of  the  tube  below  the  actual  temperature. 
The  water  is  then  immediately  converted  into  steam  at  this  point,  the  water  above 
that  point  is  further  raised,  and  the  pressure  on  the  water  below  that  point  is  further 
reduced,  and  is  thus  brought  below  the  boiling  point.  Hence  all  tne  water  below 
the  point  where  steam  was  first  formed  is  suddenly  converted  into  steam ;  the  water 
above  is  hurled  forth  enveloped  amid  clouds  of  steam ;  and  "  we  have  the  Geyser 
eruption  in  all  its  grandeur."  After  the  eruption,  the  water,  cooled  by  contact  with 
the  air,  returns  into  the  basin,  and  partially  refills  the  tube.  It  then  gradually  rises 
in  the  tube  until  the  same  state  of  things  is  restored  as  at  first ;  to  be  followed  by 
ebullitions,  by  "  futile  attempts  at  eruption/'  and  at  length,  when  the  water  in  the 
tube  is  sufficiently  heated,  by  a  complete  eruption  as  before. 

Gimbals,  or  Gimbalds.  A  name  given  to  a  pair  of  copper  rings,  within  which 
the  mariner's  compass  is  slung,  and  which  support  it  in  sucn  a  way  that  the  needle 
and  card  remain  horizontal  in  spite  of  the  pitching  and  rolling  of  the  ship.  One  of 
the  rings  turns  upon  a  horizontal  axis,  resting  on  bearings  attached  to  the  compass 
box ;  the  second,  which  is  smaller,  moves  within  the  first,  supported  upon  an  axis  at 
right  angles  to  that  of  the  first.  The  compass-bowl  is  placed  within  the  smaller 
ring,  and  is  so  weighted  that  the  pivot  upon  which  the  needle  turns,  and  which  is 
fastened  to  the  bottom  of  the  bowl,  tends  always  to  keep  its  vertical  position.  (See 
Compass,  Mariner's.) 

Glacial  Acetic  Acid.    See  Acetic  Acid. 

Glacier.  Immense  masses  of  ice,  formed  by  the  compression  of  the  snow  which 
accumulates  on  the  summits  or  slopes  of  mountains,  and  forces  its  way  down  into  the 
valleys  and  ravines  which  furrow  the  mountain  sides.     (See  Snow  ;  Snow  Line.) 

The  process  by  which  glaciers  are  formed  has  given  rise  to  some  discussion.  Pro- 
fessor Forbes  and  others  have  attributed  the  phenomena  presented  during  the 
gradual  descent  of  the  great  ice  masses,  to  a  certain  viscosity  possessed  by  ice 
formed,  as  glacier  ice  undoubtedly  is,  by  the  compression  of  snow.  But  Professor 
Tyndall  has  supplied  abundant  evidence  in  favor  of  the  view  that  glacier  ice  pos- 
sesses no  viscosity  whatever.  When  subject  to  pressure,  indeed,  the  ice  behaves  much 
as  a  viscous  substance  would ;  but  when  subjected  to  tension  the  ice  shows  at  once 
that  it  is  not  viscous  by  parting  asunder.  Thus  :  Those  deep  gaps  called  crevasses 
are  formed  even  when  the  descending  ice  has  to  change  its  angle  of  descent  by  so 
small  a  quantity  as  two  or  three  degrees.  Further,  in  a  wide  glacier,  the  general 
law,  according  to  which  the  central  and  upper  portions  of  a  glacier  move  faster  than 
the  sides,  operates  so  as  to  produce  but  a  very  slight  difference  in  the  rates  of 
motion  of  adjacent  portions  of  the  prlaeicr;  yet  even  this  slight  difference  (in  one 
case  so  small.  Professor  Tyndall  estimates,  as  ^th  of  an  inch  in  24  hours)  causes 
crevasses  to  form.  Therefore  Tyndall  has  put  forward  the  theory  (now  generally 
accepted)  that  the  peculiarities  observed  in  the  motion  of  glaciers  are  due  to  regelar 
tinn  (q.  v.).  The  ice  of  the  glacier  is  brittle,  not  viscous ;  and  owing  to  its  brittle- 
ness,  it  is  crushed  and  broken  in  its  descent ;  but  regelation  causes  the  fragmentary 
masses  to  remain  always  bound  together,  since  wherever  they  are  brought  into  con- 
tact regelation  immediately  sets  in. 
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ffllilber'l  Acton.  A  serifs  of  corrections  of  barometric,  hygromctric,  and 
thennoinetrio  indie* tions,  calculated  by  Mr.  Ulaisher,  and  of  great  value  to  the 
swtsorologisU. 

Glass.  The  chemical  composition  of  glass  is  that  of  mixed  silicate  of  potassium 
or  sodium  with  silicates  of  calcium,  lead,  aluminium,  and  others.  The  mixture  must 
be  so  proportioned  that  there  is  nut  sufficient  alkaline  silicate  present  to  render  the 
product  attackable  by  water  or  acids.  Silicate  of  calcium  increases  the  fusibility 
and  also  the  resistance  to  the  action  of  water.  Silicate  of  aluminium  renders  gloss 
lees  fusible,  and  less  liable  to  be  acted  on  by  water,  whilst  the  more  the  potash,  lime,  or 
oxide  of  lead  increases,  the  more  fusible  and  soft  the  glass  becomes.  Bottle  glass 
has  a  specific  gravity  of  2.7 ;  its  composition  is  principally  that  of  a  mixed  silicate 
of  calcium  and  aluminium.  Ordinary  window  glass  is  approximately  a  mixed  silicate 
ofsodinm  and  calcium.  English  crown  glass  contains  silicates  of  potassium  and  cal- 
ciam.  English  crystal  gloss  is  a  mixed  silicate  of  potassium  and  lead.  Flint  glass 
has  ■>  somewhat  similar  composition,  but  with  varied  proportions.  Faraday's  heavy 
glass  (specific  gravity,  5.44)  is  ft  silico-borate  of  lead.  Olasa  is  colored  red  by  gold 
or  copper ;  bine,  by  cobalt ;  yellow,  by  silver  or  iron ;  and  green,  by  chromium. 
(See  Silicates.) 

Glauber'!  Bait,    See  Sulphates.  Sodium. 

Globe,  Celestial.  (Fig.  70.)  A  globe  showing  the  constellations,  and  mounted 
as  the  terrestrial  globe  is.    The  celestial  globe  serves  to  solve  many  elementary 

Fig.  70. 


problems  of  astronomy.  The  stars  are  not  represented  on  a  celestial  globe  ns  they 
actually  appear  on  the  heavens ;  but  so  that  if  they  could  be  viewed  from  the  inside 
of  the  globe,  they  would  appear  as  on  the  sky. 

Globe,  Terrestrial.  A  globe  of  wood  or  plaster  covered  with  paper,  on  which 
are  delineated  the  figures  of  the  oceans,  continents,  etc,  of  this  earth.  The  globe, 
mounted  so  as  to  revolve  on  a 'polar  axis  under  a  brazen  meridian,  and  inclinable  at 
different  angles  to  a  wooden  horizon  circle,  is  often  used  to  solve  elementary  prob- 
lems of  geographical  astronomy. 

Glow  Discharge.    See  Discharge. 

Glowworms.    Dee  Fireflies,  Examination  of  the  Li'jktfrom. 
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Glucinum ;  or  Beryllium.  (yXvxvj,  sweet.)  A  somewhat  rare  metal,  the  oxide 
of  which  was  discovered  by  Vauquelin  in  171)8,  in  the  beryl,  whence  the  name  beryl- 
lium. Subsequently  it  was  named  glucinuin,  owing  to  the  sweet  taste  of  its  salts. 
Symbol,  G  or  Be  (the  latter  being  usually  adopted.)  Atomic  weight,  4,7,  if  its 
oxide  has  the  formula  Be4Ov  and  7  if  its  oxide  is  Be,0  ;  these  points  have  not  yet 
been  satisfactorily  determined.  Glucinum  is  a  white  metal,  malleable  and  ductile. 
possessing  a  specific  gravity  of  2.1.  It  melts  below  the  melting  point  of  silver,  and 
does  not  oxidize  readily  in  the  air  even  when  melted.  Acids  attack  it  readily.  It 
forms  an  oxide  which  much  resembles  alumina,  and  unites  with  acids  to  form  salts, 
which  arc  colorless  and  in  general  easily  crystallized.  The  beryl  is  a  silicate  of 
glucinum. 

Glue.     See  Gelatin. 

Glycerin,  (yXvxuj.  sweet.)  A  syrupy  colorless  liquid,  of  a  very  sweet  taste,  and 
neutral  to  test-paper.  Specific  gravity,  1.26.  It  mixes  with  water  and  alcohol  in 
all  proportions.  Composition,  C3HM03.  It  is  contained  in  most  fixed  oils  and  fats, 
in  which  it  exists  in  combination  with  fatty  acids,  and  is  liberated  upon  saponifica- 
tion. It  is  non-volatile  at  the  ordinary  temperature,  but  when  heatecf  in  an  atmos- 
phere of  steam  it  distils  over.  Glycerin  does  not  freeze  or  alter  by  exposure  to  the 
atmosphere  ;  it  has  no  poisonous  or  injurious  properties,  and  on  these  accounts  its 
uses  in  arts,  manufactures,  and  for  domestic  purposes  are  very  great.  When  acted 
on  by  strong  uitric  acid  it  is  converted  into  nitro-glycerin.     (See  Nitro-glycerin.) 

Gold.  A  metallic  element  of  a  beautiful  yellow  color,  sort,  and  extremelv  malle- 
able and  ductile.  Specific  gravity,  19.258  to  19.367.  It  melts  at  1200°  C.  (2192°  F.)f 
and  volatilizes  slightly  at  a  little  higher  temperature.  It  does  not  tarnish  in  the  air 
even  when  melted,  and  is  unaffected  by  any  single  acid,  but  is  dissolved  by  chlorine 
water  and  mixtures  which  evolve  chlorine,  such  as  nitro-hydrochloric  acid.  Atomic 
weight,  196.  Symbol,  Au,  from  its  Latin  name  Aurum.  It  is  found  in  almost  all 
parts  of  the  world,  but  seldom  in  large  quantities,  and  almost  invariably  occurs  native 
or  alloyed  with  other  metals.  It  forms  compounds  with  most  of  the  other  elements, 
but  they  are  of  comparatively  slight  importance.  They  are  readily  reduced  to  the 
metallic  state  by  heat.  The  alloys  of  gold  with  silver  and  copper  are  of  great  im- 
portance, being  used  for  coinage  and  jewellery.  The  only  chemical  compounds  of 
gold  which  require  mention  are  the  chloride  of  gold  (Au  Cl3) ;  this  forms  a  dark  red 
deliquescent  mass,  which  is  left  behind  when  a  solution  of  gold  in  nitro-hydrochloric 
acid  is  evaporated  to  dryness.  From  an  acid  solution  an  acid  chloride  of  gold  and 
hydrogen  crystallizes  in  long  yellow  needles,  which  are  very  soluble  in  water.  Chlo- 
ride of  gold  has  a  great  tendency  to  form  double  salts  with  other  chlorides,  which 
are  called  chloroaurates.  The  Chloroa urate  of  Sodium  is  employed  in  photography; 
it  crystallizes  in  long  prisms,  which  are  soluble  in  water  but  not  deliquescent.  Its 
composition  is  NaCl.AuCl.r 211.^0.  The  chloroaurates  of  many  organic  bases  arc 
beautifully  crystalline  compounds,  and  are  frequently  prepared  for  purposes  of  analysis. 

Golden  Number.    See  Cycle,  Metonic. 

Gold,  Mosaic.    See  Tin,  Sulphide. 

Gold,  Relation  0$  to  Light.  The  relation  of  gold  to  light  was  studied  in  an 
exhaustive  manner  by  the  late  Professor  Faraday  (Phil.  Tran*.  1857,  p.  145).  He 
conceived  that  it  was  possible  that  some  experimental  evidence  of  value  might  result 
from  the  introduction  into  a  ray  of  light  of  separate  particles  having  great  power  r»f 
action  on  light,  the  particles  being  at  the  same  time  very  small  as  compared  to  the 
wavelengths.  He  found  that  gold  was  especially  fitted  for  these  experiments  on 
account  of  its  comparative  opacity,  and  yet  possession  of  real  transparency ;  because 
of  its  development  of  color  both  in  the  'reflected  and  transmitted  ray ;  because  of 
the  state  of  tenuity  and  division  which  it  permitted,  with  the  preservation  of  its 
integrity  as  a  metallic  body ;  because  of  its  supposed  simplicity  of  character,  etc. 
Besides,  the  waves  of  light  are  so  large  compared  to  the  dimensions  of  the  particles 
of  gold  which  in  various  conditions  can  be  subjected  to  a  ray,  that  it  seemed  proba- 
ble the  particles  might  come  into  effective  relations  to  the  much  smaller  vibrations 
of  the  ether  particles.  The  beaten  gold  employed  averaged  s^aifth  of  an  inch 
thick,  occupying  an  average  thickness  no  more  than  from  jth^to  Jth  part  of  a  single 
wave  of  light,  but  by  chemical  means  the  leaf  may  be  obtained  so  thin  that  50  or 
even  100  may  be  included  in  a  single  progressive  undulation  of  light,  still  remaining 
of  a  green  color  by  transmitted  light.  If  this  thin  film  is  annealed  by  exposure  to 
the  temperature  of  an  oil  bath  for  five  or  six  hours,  it  becomes  almost  colorless,  al- 


GNOMON. GOVERNOR.  333 

though  microscopic  examination  shows  that  its  continuity  is  unaltered.  When  gold# 
thus  rendered  colorless  by  annealing  is  subjected  to  pressure,  it  again  becomes  of  a 
green  color.  When  gold  wire  is  deflagrated  by  explosions  of  a  Levden  battery  near 
asnrface  of  glass,  the  particles  arc  caught  and  are  deposited  as  a  nlm,  golden  by  re- 
flected light,  and  of  a  fine  ruby  color  by  transmitted  light,  passing  towards  the 
edges  to  a  violet  color,  and  sometimes  appearing  green.  When  this  deposit  of 
divided  gold,  which  is  violet,  blue,  or  green  by  transmitted  light,  is  heated  to  dull 
redness,  it  changes  to  a  ruby  color,  still  preserving  its  metallic  yellow  reflection, 
and  when  this  ruby  gold  is  submitted  to  pressure  the  transmitted  ray  changes  from 
ruby  to  green.  By  reducing  gold  from  its  solution  by  phosphorus  a  continuous  film 
can  be  produced,  so  thin  as  to  be  invisible  at  first,  its  thickness  perhaps  not  being 
jlqth.  of  a  wave  undulation  of  light.  When  a  little  thicker  the  film  is  a  gray  violet, 
which  is  changed  by  heat  to  purple,  and  afterwards  to  green  when  submitted  to  pres- 
sure. Gold  precipitated  from  a  solution  in  the  form  of  separate  particles  is  of  a  ruby 
color  bv  transmitted  light,  but  having  the  metallic  lustre  when  exposed  to  sunshine. 
These  fine  particles  may  be  diffused  through  warm  gelatine,  and  the  jelly  on  cooling 
is  of  a  rich  ruby  color  and  can  be  dried  to  a  film  identical  in  appearance  with  ruby 
glass.  When  common  salt  is  added  to  a  ruby  gold  fluid  this  is  rendered  blue.  The 
relation  of  polarized  light  to  these  gold  films  is  of  considerable  interest.  On  arran- 
ging the  polarizer  and  analyzer  so  as  to  get  a  dark  field,  no  effect  was  produced  on 
interposing  a  piece  of  well  annealed  plate-glass,  this  substance  not  having  depolariz- 
ing properties.  A  piece  of  gold-leaf  attached  to  glass  was  then  introduced  between 
the  analyzer  and  polarizer  at  right  angles  to  the  ray,  when  it  was  seen  that  the 
metal  had  depolarizing  powers,  especially  when  it  was  inclined,  tho  image  of  the 
analyzer  being  brought  out  exceedingly  well.  It  is,  indeed,  very  striking  to  see,  when 
the  plate  is  moved  parallel  to  itself,  tne  darkness  when  mere  glass  plate  intervenes 
and  the  light  which  springs  up  when  the  gold  leaf  comes  into  its  place ;  the  opaque 
metal  and  the  transparent  glass  having  apparently  changed  characters  with  each  other. 

Gnomon.  (yvApav.)  This  name  was  formerly  applied  to  any  rod  whose  shadow 
was  intended  to  indicate  any  astronomical  relation.  Thus  the  rod  of  a  dial,  which 
points  to  the  pole  of  the  heavens,  is  a  gnomon  (see  Dial),  and  a  vertical  pillar, 
such  as  ancient  astronomers  used  to  determine  the  height  of  the  sun  at  midday,  was 
also  called  a  gnomon.  The  Egyptians,  Chinese,  Peruvians,  and  many  other  nations, 
made  great  use  of  gnomons  of  different  sorts. 

Gomeisa.     (Arabic.)    The  star  0  of  the  constellation  Canis  Minor. 

Goniometer,  (vuvta,  an  angle;  and  /trrpiw,  to  measure.)  An  instrument  for 
measuring  the  angles  of  crystals.  For  this  purpose  Wollaston's  reflecting  gonio- 
meter is  most  frequently  used.  It  consists  of  a  di  uided  circle  graduatetl  to  degrees, 
and  subdivided  with  a  vernier.  On  the  axis  is  an  arrangement  for  supporting  the 
crystal.  A  distant  object  is  viewed,  reflected  in  one  of  the  faces  of  the  crystal,  and 
the  vernier  is  brought  to  zero.  The  circle  carrying  the  crystal  is  then  turned,  until 
the  same  object  is  reflected  from  another  face  of  the  crystal,  when  the  angle  formed 
by  the  two  faces  can  be  read  off  on  the  circle.  Other  adjustments  and  contrivances 
are  introduced  for  the  purpose  of  securing  accuracy  of  reading.  When  a  microscope 
is  fitted  with  a  positive  circle  and  micrometer,  angles  of  microscopic  crystals  can  be 
measured  with  great  accuracy. 

Gore's  Rolling  Balls.     See  Trevelyan's  Eperiment. 

Governor.  A  contrivance  for  regulating  the  supply  of  steam  to  tho  cylinder  of 
a  steam-engine,  according  to  the  speed.  It  consists  of  two  heavy  balls  attached  to 
the  extremities  of  two  rods,  the  other  extremities  of  the  rods  being  jointed  to  a 
vertical  shaft.  When  the  engine  is  in  action,  the  shaft  and  the  parts  attached  to  it 
are  made  to  revolve  by  a  strap  from  the  crank  shaft  of  the  engine,  and  consequently 
a  centrifugal  force  is  communicated  to  the  balls  which  causes  them  to  flv  apart,  so 
that  the  rods  make  angles  with  the  central  shaft  which  increase  with  tfie  velocity 
of  revolution.  Now  the  rods  to  which  the  balls  are  attached  are  connected  by  two 
other  rods  with  a  ring  capable  of  sliding  up  or  down  on  the  vertical  shaft,  so  that 
when  the  balls  fly  out  the  ring  ascends,  and  when  they  fall  it  descends.  A  long  lever 
passes  from  the  ring  tott  disk,  termed  the  throttle  valve,  in  the  steam  pipe  from  the 
boiler,  and  the  connection  is  so  arranged  that,  as  the  ring  ascends,  the  valve  closes. 
Thus  the  engine  itself  regulates  the  supply  of  steam ;  for.  as  the  speed  increases,  the 
*aPplj  is  diminished,  and  when  the  maximum  speed  is  attained  the  steam  is  entirely 
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The  Value  op  the  Accelerating  Force  or  Gratitt  at  Dtft*bhct  Flaoks. 
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Gray  Cast  Iron,    Bee  /ron,  Cast. 

Green  Vitriol.    See  Sulphates  ;  Iron. 

Gregorian  Telescope,  This  form  of  reflecting  telescope  was  first  proposed  by 
James  Gregory.  The  rap  of  light  falling  on  the  principal  speculum  are  reflected 
back  to  a  small  concave  speculum  placed  beyond  its  focus ;  this  returns  them  to  the 
centre  of  the  large  speculum  where  a  hole  is  cut  to  allow  them  to  paffl  through  to 
the  eye-piece.     The  Newtonian  Telescope  is  an  improvement  upon  this. 

Grimaldi's  Fringes,  The  fringes  which  are  observed  in  the  shadows  or  bodies 
formed  by  divergent  light  are  sometimes  called  Grimaldi's  fringes,  after  the  first  ob- 
server of  them.     (See  Fringes;  Diffraction.) 

Grooved  Surfaces,  Colors  of.  The  iridescence  of  mother  of  pearl,  micrometer 
scales,  Barton's  button's  (which  see),  etc.,  is  due  to  the  reflection  of  light  from  minute 
grooves  on  the  surface  giving  rise  to  the  production  of  color  by  the  interference  of 
the  waves  or  light.     [Sac  Interference  of  Light.) 

Grove's  Galvanic  Battery  consists  of  platinum  and  zinc  cells.  The  sine,  which 
is  amalgamated,  that  is  coated  with  mercury,  is  immersed  in  an  outer  cell  contaia- 


Fig.  71. 


Fig.  72. 


ing  dilute  sulphuric  acid.    Within  this  is  placed  a  porous  cell  which  is  filled  with 
strong  nitric  acid,  and  in  which  the  platinnm  plate  standi.    (Figs.  71  and  72.)    On 
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connecting  together  the  platinum  and  zinc,  the  current  takes  place  from  the  zinc  to 
the  platinum  through  the  liquid,  to  use  the  ordinary  convention  as  to  direction.  The 
Grove's  cell  is  an  extremely  powerful  combination,  but  is  inferior  in  constancy  to  the 
Daniel  l's  cell  and  its  modifications.  The  chemical  action  which  takes  place  within 
it  id  as  follows :  The  zinc  decomposes  the  sulphuric  acid  and  liberates  hydrogen. 
This,  by  a  series  of  molecular  reactions,  gives  rise  to  a  second  reaction  in  which  the 
nascent  hydrogen  decomposes  the  nitric  acid  forming  in  the  first  place  nitrous  acid. 
Afterwards  further  decomposition  takes  place,  and  dark-red  fumes  of  the  oxide  of 
nitrogen  are  given  off.  By  this  decomposition  of  the  nitric  acid  the  polarization  of 
the  platinum  plate  due  to  deposition  of  hydrogen  is  avoided.  The  porous  coll  inter- 
vening between  the  sulphuric  acid  and  the  nitric  acid  does  not  hinder  the  chemical 
action  from  taking  place,  though  it  prevents  the  liquids  from  mingling. 

Grotfhnjs'  Hypothesis  (from  the  name  of  the  proposer)  seeks  to  explain  the 
phenomena  of  electrolysis.  According  to  it  the  molecules  of  bodies  which  undergo 
electrolysis  are  essentially  composed  of  two  atoms,  or  groups  of  atoms,  one  of  which 
is  electro-positive  {see  Electro-positive),  and  the  other  electro-negative.  A  chain  of 
compound  molecules  thus  made  up  joins  two  points  in  the  electrodes,  and  by  the 
electric  current  the  two  extreme  molecules  arc  broken  up,  and  a  series  of  decompo- 
sitions and  recompositions  takes  place  in  the  following  way :  Towards  the  negative 
electrode  goes  the  electro-positive  atom  or  group,  while  the  electro-negative  atom  or 
group  of  atoms  goes  to  the  positive  electrode.  This  action  sets  free  at  the  respective 
sides  an  electro-negative  aud  an  electro-positive  atom  or  group,  and  these  throw  all 
their  attractive  force  upon  the  compound  molecules  next  to  them,  decomposing  them, 
and  taking  to  themselves  the  complemental  portions  which  they  require  in  order  to 
form  complete  compound  molecules.  This  second  decomposition  and  recomposition 
gives  rise  to  a  third,  and  so  on  throughout  the  whole  chain,  the  final  effect,  when  a 
cycle  of  operations  is  finished,  being  that  one  whole  molecule  has  been  separated 
into  its  constituents,  and  a  new  chain  has  been  formed,  in  which  a  fresh  series  of 
■imilar  reactions  can  have  way.  The  theory  certainly  lends  itself  easily  to  the  ex- 
planation of  known  facts. 

Graf.  (The  Crane.)  One  of  Bayer's  southern  constellations.  The  stars  forming 
this  asterism  present  a  somewhat  remarkable  figure,  being  so  associated  as  to  form  a 
well-marked  stream. 

Gulf  Stream,  Influence  of,  on  the  Climate  of  Great  Britain.    The  name  Gulf 

Stream  has  been  given  to  the  ocean  current,  which,  passing  from  the  equatorial  parts 
of  the  Atlantic  to  the  Gulf  of  Mexico,  traverses  the  Atlantic  eastwards,  reaching  to 
and  beyond  the  shores  of  England.  Very  unreasonable  doubts  have  lately  been  cast 
upon  the  theory  that  the  gulf  stream  exercises  an  important  influence  on  the  climate  of 
Great  Britain.  These  doubts  are  principally  founded  on  a  total  misapprehension  of 
the  way  in  which  the  neighborhood  of  warm  seas  affects  the  climate  of  a  country.  If 
the  influence  of  the  water  in  warming  the  air  which  is  in  contact  with  it  were  the 
only  effect  to  be  considered,  the  gulf  stream  could  doubtless  but  slightly  influence 
the  climate  of  this  country.  Jt  is  to  the  fact  that  from  the  gulf  stream  aqueous 
vapor  is  continually  rising  into  the  air,  that  the  great  influence  of  this  current  upon 
our  climate  is  to  be  attributed.  (See  Climate.)  The  moisture-laden  air  not  only 
brings  to  us  the  warmth  of  the  gulf  stream,  distributed  as  the  aqueous  vapor  becomes 
condensed,  but  also  serves  to  prevent  the  radiation  of  heat  from  our  plains,  and  hills, 
and  valleys,  into  space. 

Gum,  A  name  given  to  several  substances  of  different  composition  but  of  similar 
properties  exuding  from  stems  and  branches  of  trees ;  they  are  all  more  or  less  soluble 
in  water,  forming  a  thick  glutinous  liquid.  The  principal  gums  are  Gum  Arabic, 
Gum  Senegal,  Cherry  Tree  Gum,  Basora  Gum,  Gum  Trmjacanth,  and  Dextrin 
or  British  Gum.    (See  also  Dextrin.) 

Gun  Cotton.    Pyroxlin,  or  Trinitro-cellulone.    A  name  applied  to  a  nitro-s in- 
stitution compound  of  cellulose.    Cellulose  has  the  composition  0011,005.    Three  of 
these  equivalents  of  hydrogen  are  capable  of  being  replaced  by  corresponding  equiv- 
alents of  nitric  peroxide  h  0„  forming  a  compound  O^H.f  NO,)3Oj,  or  trinitro-celln* 
lose.    This  compound  is  insoluble  in  water,  alcohol,  or  etner,  and  is  unaffected  br 
dilute  acids  or  alkalies.    When  exposed  to  heat  it  explodes  with  vi*J 
this  account  is  used  as  a  substitute  tor  gunpowder.    When  exr*1' 
by  heat  it  goes  off  with  a  sudden  flash  and  is  comparatiY*1 
i&  confined  in  a  box,  or  when  it  is  ignited  by  the  poweriml 
22 
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mercury,  its  explosion  takes  place  with  terrific  violence,  and  its  effects  much  exceed 
those  produced  by  corresponding  amounts  of  gunpowder.  A  variety  of  gun  cotton 
containing  less  nitric  peroxide  than  the  trinitro  compound  is  used  in  surgery  and 
photography,  as  it  has  the  property  of  dissolving  in  a  mixture  of  alcohol  and  ether, 
and  is  left  behind  on  evaporation  of  the  solvents  as  a  tough  transparent  skin. 

Gunnery.  The  art  of  charging,  directing,  and  exploding  all  Kinds  of  fire-arms, 
though  the  term  is  commonly  restricted  to  the  larger  pieces  of  ordnance.  To  this 
art  belongs  the  knowledge  of  the  force  and  effect  of  gunpowder,  and  the  methods  of 
pointing  and  adjusting.  It  is,  therefore,  partly  theoretical  and  partly  practical. 
Theoretical  gunnery  consists  in  computing  the  angles  of  elevation,  the  velocity  of 
projection,  and  the  range  of  the  ball,  from  certain  data  previously  known.  (See 
Projectiles.)  From  experiments  made  at  Woolwich  by  Dr.  Hut  ton,  the  following 
conclusions  have  been  deduced:  (1)  The  velocity  increases  with  the  increase  of 
charge  to  a  certain  point,  and  then  decreases  as  the  charge  increases.  (2)  The  ve- 
locity with  equal  charge  increases  with  the  length  of  the  gun.  (3)  The  range 
iucreases  in  a  much  lower  ratio  than  the  velocity.  (4)  No  difference  is  caused  in 
the  velocity  or  range  by  increasing  the  weight  of  the  gun.  (Button's  Tracts,  vol. 
iii.,  p.  215.) 

The  following  rule,  derived  entirely  from  experiment,  has  been  given,  to  find  the 
velocity  of  any  shot  or  shell,  when  the  weight  of  the  charge  of  powder  and  weight 
of  the  shot  are  known.  Divide  three  times  the  weight  of  the  powder  by  the  weight 
of  the  shot.  Extract  the  square  root  of  the  quotient  and  multiply  the  result  by 
1600 ;  the  product  will  be  the  velocity  in  feet. 

Gutta  Percha.  A  substance  much  resembling  India-rubber,  and  obtained  Jike  it 
from  the  juice  of  certain  trees,  principally  the  Isonada  Pervha,  and  the  J*.  Gutta. 
It  is  a  light-brown  color,  of  specific  gravity  0.98.  It  is  insoluble  in  water,  and  softens 
by  heat,  solidifying  on  cooling  to  a  hard  tenacious  leathery  mass.  Owing  to  its  insu- 
lating properties  for  electricity  it  is  largely  used  for  coating  telegraph  wires.  The 
composition  is  not  definitely  made  out,  but  it  is  a  hydro-carbon  when  pure.  It,  how- 
ever, appears  to  oxidize  somewhat  readily,  and  then  becomes  friable,  losing  its 
valuable  properties. 

Gypsum.     See  Sulphates,  Calcium. 

Gyration,  Radius  of.  (6tyrare,  to  revolve;  yvp6$,  round.)  The  distance  from 
the  axis  of  a  rotating  body,  at  which  the  whole  mass  of  the  body  may  be  supposed 
to  be  collected,  without  producing  any  change  in  the  moment  of  inertia.  It  is  a 
linear  magnitude  of  great  importance  in  the  investigation  of  the  properties  of  rotat- 
ing solids ;  for  example,  when  a  solid  body  oscillates  about  a  fixed  axis,  the  time  of 
oscillation  is  the  same  as  that  of  a  simple  pendulum  whose  length  is  equal  lo  the 
square  of  the  radius  of  gyration  with  reference  to  the  axis  of  suspension,  divided  by 
the  distance  of  the  centre  of  gravity  below  the  centre  of  suspension.  (See  Pendu- 
lum ;  Oscillations,  Centre  of .) 

Gyroscope,  (yvpo*  &"d  (jxwtiw,  to  look.)  An  instrument  to  illustrate  the  compo- 
sition of  rotations  and  the  resistance  which  a  rapidly  revolving  heavy  body  offers  to 
a  change  of  position  in  its  axis  of  rotation.  It  consists  of  a  metallic  disk,  thin  in 
the  centre,  but  having  a  thick  aud  heavy  rim,  capable  of  revolving  upon  an  axis 
which  forms  the  diameter  of  a  brass  ring.  This  ring  can  be  placed  so  that  it  turDB 
about  an  axis  forming  the  diameter  of  a  second  ring.  If  the  disk  and  first  ring  be 
detached  from  the  second  ring,  and  held  in  the  hands  while  the  disk  is  set  rotating 
in  any  plane,  it  will  be  found  that  so  long  as  no  attempt  is  made  to  turn  the  disk, so 
that  it  shall  revolve  in  another  plane,  the  weight  of  the  instrument  only  has  to  be 
supported,  but  a  powerful  resistance  will  be  felt  to  an  attempt  to  change  the  direc- 
tion* of  the  axis.  Again,  if  while  the  disk  is  revolving  the  ring  be  rolled  along  a 
level  floor,  it  will  be  found  impossible  to  make  it  keep  upright  and  to  prevent  it 
running  out  of  the  right  line.  If  the  outer  ring  be  suspended  by  a  torsionless  thread 
and  rapid  rotation  be  communicated  to  the  disk  which  is  then  abandoned  to  itself,  it 
will  continue  to  rotate  in  the  same  plane  until  brought  to  rat  by  friction,  since  from 
the  modo  of  suspension  there  is  no  force  to  cause  the  axis  to  take  a  new  direction. 
From  this  fact  tne  instrument  has  been  used  by  Foucanlt  and  others  to  demonstrate 
the  fact  of  the  earth's  diurnal  rotation.  If  the  disk  be  caused  to  rotate  in  a  vertical 
plane  so  that  its  horizontal  axis  points  to  some  object  on  the  earth's  surface,  after  a 
short  time  the  axis  will  apparently  have  moved  through  an  anirlc.  the  magnitude  of 
which  will  depend  on  the  latitude  of  the  place.     Again,  if  the'axis  of  the  disk  be 
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to  point  to  a  fixed  star,  then  if  the  earth  were  at  rest  and  the  heavens  revolved 
about  it,  as  they  appear  to  do,  the  star  would  move  from  the  direction  of  the  axis ; 
but  this  is  not  the  case,  for  the  axis  continues  to  point  to  the  same  star  so  long  as 
the  disk  rotates,  showing  that  the  stars  are  fixed  and  the  earth  revolves. 

When  the  conditions  of  suspension  are  varied,  the  movements  of  the  disk  are 
always  such  as  would  result,  according  to  the  theory  of  dynamics,  from  the  compo- 
sition of  the  rotation  of  the  disk  with  that  of  the  earth.  (See  the  Notices  of  Pro- 
lessor  Powell  in  the  Transactions  of  the  Astronomical  Society,  April,  1855.) 

n 

HfflTnfttJn.  A  crystalline  substance,  constituting  the  red  coloring  matter  of 
blood.  It  forms  small  indistinct  crystals  of  a  red-brnwu  color,  is  tasteless  and  in- 
odorous,  insoluble  in  water,  cold  alcohol,  and  ether.  The  formula  is  not  well  ascer- 
tained, but  it  is  known  to  contain  iron. 

HflBmatite.  The  mineralogical  name  of  native  sesquioxide  of  iron.  It  is  known 
also  as  native  ferric  oxide,  red  iron  ore,  oligistic  iron,  and  sometimes  as  kidney  ore. 
In  the  pure  state  it  contains  70  per  ceut.  of  iron,  the  formula  being  FeA,.  It  occurs 
in  the  crystalline,  massive,  and  earthy  state  in  large  veins  or  beds,  and  is  one  of  the 
most  valuable  ores  of  iron. 

Hematoxylin.  The  crystallized  substance  to  which  the  coir  ring  properties  of 
logwood  [Hcematoxylon  Campcchianum)  are  due.  Formula  C16l I, .0B.  It  forms 
colorless  transparent  crystals,  very  brilliant  and  sometimes  of  considerable  length. 
It  is  slightly  soluble  in  cold  water,  but  more  so  in  hot  water,  alcohol,  and  ether.  It 
has  a  strongly  saccharine  taste,  resembling  that  of  liquorice.  Under  the  influence 
of  alkalies  and  oxygen  it  rapidly  changes  to  a  coloring  matter. 

Haidinger's  Fringes  or  Tufts.  Tim  term  is  applied  to  certain  phenomena  of 
light,  first  observed  by  Haidinger,  by  which  a  polarized  beam  can  be  detected  by 
ordinary  vision.     (See  Polarized  Liyhl.) 

Hail.  A  shower  of  discrete  pieces  of  ice  (how  formed,  and  under  what  laws  is 
unknown)  is  called  a  hailstorm.  Sir  John  Herschel  considers  that  the  fragments  of 
ice  in  an  ordinary  hailstorm  are  simply  frozen  rain-drops.  Where  larger  masses  of 
ice  are  observed  to  fall,  he  considers  regelation  (q.  v.)  to  have  been  concerned,  and 
the  great  hailstones  to  have  been  formed  during  the  "  hurtling  together  of  masses 
of  ice  in  the  air."  Others  attribute  hail  to  the  action  of  electricity  in  the  upper 
regions  of  air.  Undoubtedly  hailstorms  are  always  accompanied  by  electrical 
phenomena,  but  this  fact  docs  not  in  itself  indicate  an  electrical  origin,  since  a  hail- 
storm most  necessarily  be  accompanied  by  a  great  commotion  in  the  air,  and  the 
sudden  commingling  of  saturated  masses  at  different  temperatures,  so  that  electrical 
action  would  undoubtedly  be  excited.  Therefore  Sir  John  Herschel  may  be  right 
in  saying  that,  to  attribute  hailstorms  to  electricity,  is  putting  the  effect  for  the 
cause.  But  the  evidence  we  have  scarcely  justifies  us  in  summarily  rejecting  all 
electrical  hypotheses  in  accounting  for  hailstorm*,  since  no  explanation  has  yet  been 
given  of  the  circumstances  under  which  hailstorms  appear,  and  of  the  phenomena 
they  present     These  are  as  follows : — 

Hail  often  falls  before  a  heavy  rain  shower,  very  rarely  following  rain.  The 
clouds  from  which  hail  falls  arc  very  dense,  and  somewhat  resemble  bronze  in  color; 
they  have  irregular  edges,  and  are  at  no  very  great  elevation.  Hailstorms  commonly 
last  but  a  short  time,  seldom  so  long  as  a  quarter  of  an  hour. 

Doubtless  the  ordinary  cause  of  a  hailstorm  is  the  sudden  irruption  of  an  extremely 
cold  air-current  into  a  mass  of  moisture-laden  air.  The  first  result  of  such  an  irrup- 
tion would  be  the  rapid  condensation  of  the  vapor,  and  the  freezing  of  the  water 
drops.  Then  would  follow  an  inrush  of  air  from  all  sides,  caused  by  the  sudden 
contraction  of  the  cooled  air-masses.  This  inrush  would  cause  whirling  air-currents 
(sufficing  to  account  for  the  occasional  formation  of  very  large  hailstones  by  accre- 
tion), and  thus  a  still  further  condensation  would  take  place ;  but  as  the  freshly* 
arrived  air  would  not  be  exceedingly  cold,  like  that  which  caused  the  first  conden- 
sation, rain  instead  of  hail  would  be  formed. 

Some  hailstones  have  been  of  enormous  size.  On  May  8,  1832,  a  moss  of  ice  fell 
in  Hungary,  which  measured  about  a  yard  in  length,  and  two  feet  in  depth ;  and  "" 
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is  said  that  in  1849  a  mass  fell  in  Boss-shire  which  was  nearly  twenty  feet  in  circum- 
fereuce.  Hailstones  are  generally  composed  of  alternate  layers  of  clear  and  opaque 
ice,  surrounding  a  nucleus  of  compressed  snow.  Sometimes  they  exhibit  crystal- 
shaped  masses  radiating  from  the  centre.  Very  large  hailstones  often  contain 
several  nuclei,  and  have  a  surface  bristling  all  over  with  small  projections. 

Halley's  Comet.  A  comet  celebrated  as  the  first  whose  periodic  motion  was 
recognized.    (See  Comet.) 

Halo,  (axu,  a  threshing  floor,  originally  of  a  round  shape.)  A  luminous  ring 
round  the  sun  or  moon,  due  to  refraction  of  its  light  through  light  cloud,  fine  mist, 
or  minute  crystals  of  snow  in  the  atmosphere.  Ilalos  are  of  prismatic  colors.  The 
phenomena  of  Parhelion  and  Paraselene  are  due  to  similar  causes. 

Haloid.  The  term  haloid  salt  was  given  by  Berzelius  to  those  salts  which  con- 
sist only  of  a  metal  and  an  electro-negative  radical  or  halogen,  such  as  chlorine, 
bromine,  iodine,  cyanogen,  etc.  The  term  was  used  in  contradistinction  to  amphid 
salts,  which  he  supposed  to  result  from  the  combination  of  a  base  with  an  acid. 
Thus  chloride  of  6odium  would  be  a  haloid  salt,  consisting  only  of  the  metal  sodium 
and  the  halogen  chlorine,  whilst  sulphate  of  soda  would  be  an  amphid  salt,  as  it  was 
supposed  to  consist  of  the  base  soda  united  with  sulphuric  acid.  In  modern  chemical 
nomenclature  this  distinction  is  not  made,  the  two  classes  being  considered  identical ; 
sulphate  of  soda  being  formed  on  the  type  of  chloride  of  sodium.  (See  Formulae, 
Chemical.) 

HamaL    (Arabic.)    The  star  a  of  the  constellation  Aries. 

Hammer.  (Anglo-Saxon  and  German,  hamer;  Danish,  hammer.)  A  heavy 
mass,  usually  metallic,  attached  transversely  to  a  bar  of  wood  or  metal.  The  blow 
of  a  hammer  derives  its  utility  from  expending  in  an  instant  the  accumulated  energy 
of  the  continued  motion  of  the  heavy  mass  for  an  appreciable  length  of  time.  For 
instance,  a  hammer  falling  on  the  head  of  a  nail  expends  at  the  instant  of  contact 
all  its  momentum  in  overcoming  the  cohesion  of  the  particles  of  the  wood  into  which 
the  nail  is  driven.  If  the  duration  of  the  blow  is  sensibly  prolonged,  much  less  effect 
can  be  produced  in  separating  the  particles.  Therefore,  wherever  the  wood  into 
which  the  nail  is  driven  is  but  slightly  fixed,  and  is  capable  of  recoiling  from  the 
blow,  it  is  impossible  to  gain  the  full  effect  of  percussion.  (See  Percussion  ;  Sledye 
Hammer;  Coining  Press.) 

Hardness.  The  quality  of  bodies  by  which  the  constituent  molecules  keep  their 
relative  positions,  so  as  to  resist  any  force  which  tends  to  change  the  figure  of  the 
body.  It  is  a  modification  of  cohesion,  and  is  intimately  connected  with  elasticity. 
The  hardness  of  a  body  does  not  depend  on  its  density,  for  we  often  find  very  heavy 
bodies  comparatively  soft.  Thus  glass  is  harder  than  either  gold  or  platinum,  and 
will  scratch  the  surface  of  either  of  these  metals,  although  the  latter  is  about  eight 
times  as  dense  as  glass.  Again,  gold  and  platinum,  although  the  densest  of  metals, 
are  softer  than  iron  and  zinc,  which  arc  comparatively  light.  Hardness  and  elas- 
ticity are  usually  connected,  but  not  always;  thus  India-rubber,  although  verr  elas- 
tic, is  at  the  same  time  soft.     (Sec  Tenacity  ;  Elasticity  ;  and  Compressibility.) 

Hardness  of  Minerals.  Estimations  of  the  hardness  of  minerals  are  rendered 
more  definite  by  referring  them  to  Mohr's  scale  of  hardness.  This  consists  of  the 
following  minerals : — 

1.  Talc,  common  laminated    light-green 

variety. 

2.  Gypsum,  a  crystallized  variety. 

3.  Calcspar,  transparent  variety. 

4.  Fluorspar,  crystalline  variety. 

5.  Apatite,  transparent  variety. 
5.5.  Scapolite,  crystalline  variety. 

To  determine  the  hardness  of  a  mineral,  ascertain  by  experiment  which  of  these 
it  will  scratch,  and  which  will  scratch  it ;  thus  if  a  mineral  will  scratch  calcspar, 
but  not  fluorspar,  whilst  fluorspar  will  scratch  it,  its  hardness  is  said  to  be  between 
3  and  4. 

Harmattan.  A  periodical  wind  blowing  from  the  Sahara  desert  to  the  Atlantic, 
between  north  latitude  15°  and  south  latitude  1°,  during  December,  January,  and 
February. 


6.  Feldspar  (orthoclase),  white  cleava- 

ble  variety. 

7.  Quartz,  transparent. 

8.  Topaz,  transparent 

9.  Sapphire,  cleavable  variety. 
10.  Diamond. 
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H&rHLO&ics.  All  musical  notes  so  related  to  a  given  note,  that  the  numbers  of 
vibrations  per  second  which  produce  the  former  are  exact  multiples  of  the  number 
of  vibrations  per  second  of  the  latter,  are  termed  the  harmonics  of  the  given  or  funda- 
mental note.  All  the  notes  produced  by  exact  subdivisions  of  a  stretched  string 
are  harmonics  of  the  note  produced  by  the  vibratious  of  the  string  as  a  whole.  The 
first  harmonic  of  the  fundamental  note  of  any  string  is  that  produced  by  half  the 
string,  and  is  the  octave  of  the  first ;  the  second  harmonic  is  the  dominant  or  fifth 
above  the  first,  and  is  produced  by  one-third  of  the  string,  and  so  on.  If,  for  ex- 
ample, the  fundamental  note  be  C  produced  by  512  vibrations  per  second,  the  har- 
monics in  order  are  C,  by  1024  or  2  x  512  vibrations  ;  <;',  by  1536  or  3  X  512 ;  C", 
by  4  X  512 ;  E",  by  5  X  512  vibrations,  and  so  on.  The  complete  series  of  harmonics 
contains  ail  the  notes  of  the  musical  scale. 

Generally  when  a  string,  a  bell,  or  the  air  of  a  tube  vibrates  as  a  whole,  it  also 
vibrates  in  parts,  so  that  several  of  the  harmonics  are  superposed  on  the  fundamental 
note,  and  may  frequently,  especially  with  a  large  bell,  be  distinguished  by  the  ear. 
The  difference  of  quality  in  the  notes  of  different  instruments  is  chiefly  due  to  the 
various  ways  in  which  the  harmonica  of  each  fundamental  note  are  simultaneously 
produced.    (See  Vibrations  of  Strings.) 

Harmony  is  that  branch  of  the  musical  art  which  treats  of  the  agreement  of 
simultaneous  sounds.  The  term  is  thus  used  in  contradistinction  to  melody,  which 
consists  of  individual  sounds  produced  in  succession. 

Chord. — A  group  of  sounds  agreeing  according  to  the  laws  of  musical  science, 
and  intended  to  be  produced  simultaneously,  is  called  a  chord. 

Common  Chord. — The  simplest  chord  is  the  triad  or  common  chord,  consisting 
of  a  root  or  fundamental  note,  with  its  third  and  fifth  ;  e.  g.,  o-e-g,  d-f-a. 

Chords  take  the  specific  names  of  their  root  sounds.  Thus  the  chord  c-c-g  is 
called  the  chord  of  C,  d-f-a  the  chord  of  D. 

Triads  or  common  chords  are  major  or  minor,  according  as  the  interval  between 
them  is  a  major  or  minor  third.  Thus  the  triad  c-c-g  is  major,  because  the  interval 
Cr-t  is  major,  the  triad  d-f-a  is  minor,  because  the  third  d-f  is  minor. 

In  the  major  mode  the  triads  upon  the  first  (tonic),  fourth  (subdominant),  and 
fifth  (dominant)  degrees  of  the  scale  are  major,  and  those  upon  the  second  (super- 
tonic),  third  (mediant),  and  sixth  (submediant)  degrees  arc  minor. 

Diminished  Triad. — If  the  seventh  degree  of  the  scale  be  taken  as  the  root  of 
a  triad,  we  get  a  triad  which  is  neither  major  nor  minor.  In  both  the  latter  the 
interval  between  the  root  and  fifth  is  perfect,  but  in  the  triad  upon  the  seventh  of 
the  scale,  while  the  third  is  minor  as  in  the  minor  triads,  the  fifth  is  imperfect  or 
diminished,  hence  this  triad  is  called  the  imperfect  or  diminished  triad. 

In  the  minor  mode  the  triads  upon  the  first  and  fourth  degrees  arc  minor,  those 
upon  the  fifth  and  sixth  are  major,  those  upon  the  second  and  seventh  are  dimin- 
ished, and  the  remaining  triad,  that  upon  the  third,  viz.,  c-e-g  J  in  A  minor,  con- 
sisting of  a  root,  a  major  third,  and  an  augmented  fifth,  is  called  an  augmented 
triad. 

Major  and  Minor  Modes, — On  comparing  the  two  modes  it  will  be  seen  that 
major  triads  are  more  numerous  in  the  major  than  in  the  minor  mode,  and  that  in 
the  former  they  occur  upon  each  of  the  principal  degrees,  viz.,  the  first,  fourth,  and 
fifth;  whereas  in  the  latter,  the  triad  on  one  onlv  (the  fifth)  is  major,  the  other  two 
carrying  minor  triads.  This  circumstance,  togctlier  with  the  fact  that  two  of  the 
remaining  triads  are  diminished,  and  that  the  other  is  distinguished  by  the  presence 
of  an  augmented  interval  of  harsh  and  unpleasant  effect,  will  serve  to  explain  in  a 
measure  the  wide  difference  that  exists  between  the  two  modes  in  their  effect  upon 
the  ear. 

Chord  of  the  Seventh. — The  chord  next  in  order  of  importance  to  the  triad  is 
the  chord  of  the  seventh,  formed  by  adding  to  the  triad  a  fourth  sound  at  the  inter- 
val of  a  seventh  from  its  root;  e.g.,  c-e-g-h.  d-f-a-c,  etc. 

Dominant  Chord. — There  arc  many  varieties  of  the  chord  of  the  seventh,  by  far 
the  most  important  being  that,  whose  root  is  the  fifth  or  dominant  of  the  scale,  and 
which  is  called  from  this  circumstance  the  Chord  of  the  Dominant  Seventh,  orf 
briefly,  the  Dominant  Chord  ;  e.  a.,  g-b-d-f  in  the  scale  of  C  (major  or  minor). 

The  dominant  chord  consists  of  a  root  with  its  major  third,  perfect  fifth,  and 
minor  seventh,  and  is  the  same  in  the  minor  as  in  the  major  mode.    It  will  be  seen 
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further  also  that  the  same  combination  cannot  be  formed  upon  any  other  degree  of 
either  the  major  or  minor  mode,  nor  can  it  be  obtained  from  any  other  scale  than 
that  to  which  it  belongs.  This  latter  proposition  may  be  readily  proved  aa  follows : 
Take  the  chord  given  above,  viz.,  g-b-d-f,  the  dominant  chord  of  C  major.  Be- 
cause it  contains  the  note  F  it  cannot  belong  to  any  of  the  scales  with  sharps  in 
their  signature,  since  in  all  these  the  F  is  sharp ;  and  since  it  contains  the  note  B, 
it  cannot  be  obtained  from  any  of  the  scales  with  flats  in  their  signatures,  as  in 
each  of  these  the  B  is  flat.    The  same  proof  applies  equally  to  the  minor  keys. 

It  follows  from  this,  that  the  dominant  chord  is  always  a  sure  indication  of  the 
key  of  the  piece  in  which  it  occurs.  It  does  not,  however,  indicate  the  mode.  To 
determine  this  it  is  necessary  to  look  also  at  the  tonic  triad,  which,  as  we  have 
already  stated,  is  major  or  minor  according  to  the  mode. 

Chord  of  the  Ninth. — If  to  the  dominant  chord  a  fifth  sound  be  added,  a  third 
above  the  seventh,  and  consequently  a  niuth  above  the  root,  we  obtain  a  chord  of 
the  ninth,  e.  g., 

g-b-d-f-a  in  C  major, 
and  g-b-d-f-a  (7,  in  C  miuor. 

That  obtained  from  the  major  scale  is  called  the  chord  of  the  major  ninth,  that 
from  the  minor  scale  the  chord  of  the  minor  ninth. 

Doubling. — If  abound  of  a  chord  is  produced  by  more  than  one  voice  or  instru- 
ment either  in  the  unison  or  the  octave,  it  is  said  to  be  doubled.  Any  note  of  a 
chord  may  be  thus  doubled,  but  as  a  general  rule  the  third  aud  seventh,  being  by 
themselves  of  a  more  striking  character  than  the  other  intervals,  are  the  ones  most 
freguently  exempted  from  doubling. 

Omission. — It  also  frequently  happens  that  one  or  more  intervals  of  a  chord 
have  to  be  omitted.  Here  again  it  is  the  third  and  seventh,  together  with  the  root 
of  the  chord  of  the  seventh  that  can  be  least  readily  dispensed  with,  as  they  are 
the  most  characteristic  intervals  of  the  chord.  If  the  root  of  the  dominant  chord 
be  omitted,  we  get  the  diminished  triad  on  the  seventh  of  the  scale  before  described. 

Thus  from  the  dominant  chord  g-b-d-f  by  omitting  the  root  g,  we  get  the  dimin- 
ished triad  b-d-f. 

Diminished  Seventh. — Again  from  the  chord  of  the  minor  ninth,  by  omitting 
the  root,  we  get  a  chord  of  the  seventh  consisting  of  a  diminished  triad  and  a 
diminished  seventh,  e.  g.,  b-d-f -a  \>  from  g-b-d-f-a  f>.  This  is  called  the  chord 
of  the  diminished  seventh,  and  forms  very  important  functions  in  modern  mnsic  on 
account  of  the  facilities  it  affords  the  composer  in  effecting  changes  of  key. 

Position. — In  the  preceding  remarks,  we  have  considered  chords  in  the  light  of 
the  natural  or  normal  arrangement  of  their  sounds,  i.  e.,  as  they  stand  in  the  order 
of  thirds  from  their  root  upwards.  But  any  note  of  a  chord  may  ap]>car  in  the 
highest  part  without  affecting  the  nature  of  the  chord.  The  variations  then  pro- 
duced arc  termed  positions.  If  the  root  is  at  the  top  as  well  as  at  the  bottom, 
the  chord  is  in  its  first  position,  Fig.  a.  If  the  third  appears  at  the  top  the  chord 
is  said  to  be  in  its  secohd  position,  Fig.  b.  If  the  fifth  is  at  the  top,  tne  chord  is 
in  its  third  position,  Fig.  c. 


Fig. 
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Inversion. — Chords  are  further  varied  in  effect,  though  not  in  their  essential  na- 
ture, when  any  other  interval  than  the  root  appears  in  the  lowest  part.  These  varia- 
tions in  the  arrangement  of  the  notes  of  a  chord  are  termed  inversions. 

If  the  third  appears  in  the  lowest  part,  the  chord  is  said  to  be  in  its  first  inver- 
sion. Fig.  a  (next  page)  shows  the  first  inversion  of  the  common  chord,  aa  the 
first  inversion  of  a  chord  of  the  seventh. 

If  the  fifth  appears  in  the  highest  part,  the  chord  is  said  to  be  in  its  second  inver- 
•sion.    Figs,  b,  bb. 

If  the  seventh  appears  in  the  highest  part,  the  chord  is  in  its  third  inversion. 
Fig.  c. 
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Chord  of  the  Sixth. — These  various  inversions  have  special  names  derived  from 
the  intervals  which  their  more  important  sounds  form  with  the  lowest  sound  in  each 
case.  Thus  the  most  important  sounds  of  the  triad  are  its  root  and  third.  In  the 
first  inversion  the  latter  is  the  lowest  sound,  and  the  former  makes  with  it  the  inter- 
val of  a  sixth  ;  hence  the  first  inversion  of  a  common  chord  is  called  the  chord  of 
the  sixth. 

Chord  of  the  Sixth  and  Fourth. — The  second  inversion  of  the  common  chord  is, 
for  similar  reasons,  called  the  chord  of  the  fourth  and  sixth,  or  briefly  the  six-four 
chord. 

Chord  of  the  Fifth  and  Sixth. — The  most  important  sounds  of  the  chord  of  the 
seventh  are  its  root  and  seventh.  In  the  first  inversion  of  this  chord  the  root  and 
seventh  form  the  intervals  of  a  fifth  and  sixth  with  the  lowest  sound ;  hence  this 
inversion  is  called  the  chord  of  the  fifth  and  sixth,  or  briefly  the  six-five  chord. 

Chord  of  the  Third  ana  Fourth, — In  the  second  inversion  the  root  and 
seventh,  with  the  lowest  sound,  form  intervals  of  a  third  and  fourth,  this  inversion 
is  accordingly  designated  the  chord  of  the  third  and  fourth,  or  briefly  the  three- 
four  chord. 

Chord  of  the  Second. — In  the  third  inversion  the  seventh  is  the  lowest  sound,  and 
because  the  root  forms  with  it  an  interval  of  a  second,  the  chord  is  called  a  chord 
of  the  second. 

Inversions  of  the  chords  of  the  ninth  are  so  rarely  used,  that  it  has  not  been 
deemed  necessary  to  supply  them  with  similar  independent  designations. 

Any  interval  of  a  chord  may  be  occasionally  raised  or  lowered  a  semitone.  In 
this  way,  combined  with  inversion,  certain  most  pleasing  combinations  have  been 
produced,  some  of  which  have  become  so  important  as  to  merit  special  names. 
The  chief  of  these  are  certain  chords  of  the  sixth,  which  we  must  not  omit  to  de- 
scribe. 

The  Italian  Sixth. — If  we  take  the  minor  chord  on  the  fourth  degree  of  the  minor 
scale — viz.,  d-f-a  in  A  minor,  and  raise  the  root  a  semitone,  e.  g.,  d  %-f-a%  we  get  a 
chord  with  diminished  third  as  well  as  a  diminished  fifth,  anil  which  is  therefore 
called  a  doubly  diminished  chord.  The  first  inversion  of  this  chord  is  called  the 
chord  of  the  Italian  sixth. 

Original  Chord.      Chromatically  Inverted. 

altered 
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This  chord  is  of  frequent  occurrence  in  music  in  the  minor  mode.  Its  derivation 
is  shown  by  the  fact  that  it  is  invariably  followed  by  the  dominant  chord  of  the  scale 
from  which  it  is  said  to  be  derived.    Thus — 


The  German  Sixth. — If  the  chord  of  the  seventh  on  the  second  degree  of  the 
minor  mode  be  taken.  Fig.  a,  and  its  third  be  chromatically  raised,  Fig.  b,  and  then 
the  chord  be  placed  in  its  second  inversion,  Fig.  c,  we  have  what  is  called  the  chord 
of  the  German  sixth.         % 


Original  Chord.      Chromatically 

altered. 
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It  will  be  seen  that,  by  the  omission  of  its  root,  the  chord  becomes  identical  with 
that  of  the  Italian  sixth. 

The  French  Sixth. — If  the  root  of  the  preceding  chord  be  omitted,  said  the. 
ninth  added — 

Fundamental    With  added  Boot  omitted  and  >    Inverted. 
Chord.  Ninth.       Third  sharpened.  ) 


I 


9 


¥ 
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we  get  an  augmented  chord  of  the  sixth  and  fifth,  which  is  sometimes  called  the 
French  sixth. 

The  other  inversions  of  these  chords  are  seldom  used. 

Close  and  Dispersed  Harmony.  If  the  sounds  of  a  chord  are  situated  as  close 
together  as  possible,  the  harmony  is  termed  close;  if  they  are  at  greater  distances 
from  each  other,  the  harmony  is  said  to  be  more  or  less  extended  or  dispersed. 

In  a  succession  of  chords  it  is  very  material  that  they  shall  be  connected  with  one 
another.  This  may  be  effected  by  so  arranging  that  each  succeeding  chord  has  one 
or  more  notes  in  common  with  its  predecessor,  or  that  their  roots  are  always  related 
to  each  other. 


Fig.  a. 
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In  Fig.  a  the  first  three  chords  have  the  note  G  in  common ;  the  third  and  fourth 
have  the  note  C  in  common ;  the  fourth,  fifth,  and  sixth  the  note  F ;  the  sixth  and 
seventh  the  note  G.  The  succession  is  the  more  firmly  welded  when  the  notes 
which  consecutive  chords  possess  in  common  are  produced  by  the  same  voice  or  in- 
strument, or,  in  other  words,  when  they  are  in  the  same  part. 

In  Fig.  6,  though  the  first  pair  of  chords  have  no  note  in  common,  they  are  never- 
theless closely  related,  the  first  being  the  tonic  harmony  of  the  key  of  C,  and  the 
second  which  is  the  triad  upon  the  dominant  of  the  key  of  G,  the  nearest  relative 
of  the  key  of  C.  The  third  chord  is  the  triad  on  the  tonic  of  G,  and  the  fourth  is 
the  Bccond  inversion  of  the  dominant  triad  of  the  same  key  (G)  and  the  fifth  chord 
not  only  has  two  sounds  in  common  with  its  predecessor,  but  is  at  the  same  time 
the  dominant  chord  of  the  nearest  relative  of  the  key  of  G,  namely,  the  key  of  D 
major. 

Consecutive  Fifths  and  Octaves. — In  moving  a  number  of  voices  from  chord  to 
chord,  care  must  be  taken  to  avoid  what  are  termed  false  progressions.  No  two 
parts  should  be  allowed  to  move  in  fifths  or  octaves,  as  in  the  following  figure, 


where  the  upper  and  lower  parts  move  in  octaves,  and  the  lower  and  one  of  the  inner 
parts  move  in  fifths.  Such  progressions  are  termed  consecutive  fifths  and  octaves. 
They  may  be  avoided  either  by  changing  the  position  of  the  chords,  or  by  otherwise 
altering  the  movement  of  the  parts ;  thus : — 


Resolution. — The  movement  of  a  part  from  an  interval  of  one  chord  to  one  of  the 
next  following  chord  is  called  a  resolution.    The  first  interval  is  said  to  resolve 
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itself  into  the  Utter.  Certain  chords  require  that  their  intervals  shall  be  resolved 
in  a  particular  direction,  and  to  certain  intervals  of  the  following  chord.  This  is 
jmrticularlv  the  case  with  the  dominant  chord  and  the  chords  of  the  ninth  derived 
from  it    In  the  resolution  of  these  chords  the  general  rule  is  for 

The  seventh  to  descend  one  degree ; 

The  third  to  ascend  one  degree ; 

The  fifth  may  move  freely ; 

The  root  to  move  to  the  root  of  the  next  chord ; 

The  ninth  to  follow  the  seventh  downwards  one  degree. 

— * — « — 


7th. 


9th. 
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The  same  rale  applies  more  or  less  to  the  inversions  of  the  dominant  chord,  chord 
of  the  ninth,  and  diminished  triad. 

Modulation. — It  very  rarely  happens  that  a  composition  remains  its  entire  length 
in  the  key  in  which  it  commenced,  and  to  which  it  chiefly  adheres,  and  which  is 
called  on  this  account  the  key  of  the  piece,  or  the  principal  key. 

A  change  from  one  key  to  another  is  called  a  modulation.  If  the  new  key  is 
continued  for  a  brief  space  only,  and  the  idea  of  the  principal  key  is  not  wholly 
obliterated  from  the  mind,  the  modulation  is  said  to  be  transient.  If  the  new  key 
continues  for  any  length  of  time,  the  modulation  is  said  to  be  confirmed. 

The  keys  generally  selected  to  follow  the  principal  key  are  those  most  intimately 
related  to  it  These  are,  first,  the  keys  of  the  dominant  and  sub-dominant ;  next, 
the  relative  minor  keys  of  the  tonic,  dominant,  and  sub-dominant.  If  still  further 
modulation  is  required  the  keys  most  nearly  related  to  these  are  entered.  Pieces  in 
a  major  key  generally  modulate  first  into  the  key  of  the  dominant  Those  in  a 
minor  key  move  most  frequently  into  its  relative  major. 

When  a  composition  follows  the  above  scheme  of  modulation,  its  modulation  is 
said  to  be  gradual  or  natural. 

Sometimes  for  the  sake  of  effect  a  sudden  change  is  effected  into  a  more  distant 
kev.     In  this  case  the  modulation  is  termed  abrupt. 

Modulation  is  effected  by  introducing  sounds  characteristic  of  the  key  into  which 
it  is  desired  to  enter.  Now,  as  the  dominant  chord  is  the  most  certain  indication  of 
the  key  to  which  it  belongs,  it  is  found  to  be  the  most  potent  agent  for  effecting 
modulation.  If,  for  example,  in  a  piece  in  the  key  of  C  major,  the  chord  d-fZ-a-c 
made  its  appearance,  we  should  know  at  once  that  a  modulation  was  being  effected 
into  the  key  of  the  domiuant  G.  If  the  combination  e-g  %-b-d  were  heard  we  should 
conclude  that  a  modulation  was  taking  place  into  the  relative  minor  A.  We  here 
append  a  few  modulations  by  way  of  example : — 
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If  very  distant  changes  of  key  are  required,  intermediate  connecting  chords  are 
introduced 

CtoD|>  CtoGfc 
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Or  enharmonic  changes  may  be  made,  that  is,  the  same  sounds  may  be  represented 
in  the  notation  of  their  cnharmonically  parallel  sounds,  thus : — 
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almost  equally  distant  modulation  is  affected  in  a  similar  manner  at  b. 

The  chord  of  the  diminished  seventh  affords  a  ready  means  of  getting  from  one 
key  to  another,  with  the  assistance  of  an  enharmonic  change,  although  it  is  not  so 
pronounced  and  decisive  in  its  effect  as  the  dominant  chord.  Owing  to  the  peculiar 
relationship  of  its  sounds,  it  may  by  the  successive  substitution  of  their  enharmonic 
parallels  be  made  to  point  to  as  many  as  four  different  and  distant  related  keys. 

a  b  c  d 


a^ 


At  a  we  have  the  diminished  seventh  chord  on  the  seventh  degree  of  A  minor 
resolving  itself  into  the  tonic  chord  of  the  same  key ;  at  &  we  have  the  same  sounds 
only  by  reason  of  the  enharmonic  change,  A  \>  instead  of  G  Jf,  they  point  to  the  key 
of  0  minor ;  at  c  we  have  the  same  chord,  but  with  two  of  its  sounds  subjected  to 
an  enharmonic  change,  pointing  to  the  key  of  E  b  minor;  at  d  in  a  similar  change 
of  three  of  its  sounds  it  api>ears  as  belonging  to  the  key  of  F  Jf  minor ;  and  at  t  by 
an  enharmonic  change  of  all  its  sounds  it  points  to  the  key  of  P  Jf  minor. 

False  Relation. — When  two  successive  chords  contain  the  same  degree  of  the 
scale,  but  chromatically  varied  or  lowered  in  the  second  chord,  the  chromatic  altera- 
tion should  be  made  in  the  parts  or  by  the  voice  which  sounded  the  original  note ;  as 
at  A  and  not  as  at  B. 
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The  non-observance  of  this  rule  produces  what  is  called  a  false  relation  between 
the  parts,  which  is  disagreeable  to  the  ear.  This  was  a  great  bugbear  to  the  ancient 
theorists,  who  termed  it  "  mi  contra  fa."  There  are  certain  cases  in  which,  when  the 
effect  is  modified  by  surrounding  circumstances,  its  use  may  be  justifiable,  but  as  a 
general  rule  it  is  better  avoided  altogether. 

The  progression  of  a  series  of  chords  may  be  considered,  in  fact  is  always  most 
properly  considered,  as  the  simultaneous  progression  of  as  many  distinct  parts  or 
melodies  as  there  are  notes  in  the  several  chords.  In  this  view  of  the  progression 
of  parts  in  harmony  several  very  important  and  interesting  features  find  their  most 
natural  explanation. 

Suspension. — We  have  hitherto  considered  that  the  several  parts  progress  from 
chord  to  chord  simultaneously.  But  a  great  variety  of  very  charming  effects  are 
obtained  by  the  din-simultaneous  progression  of  the  parts.  One  of  the  most  im- 
portant of  these  is  the  suspension.  A  note  is  said  to  be  suspended  when  it  is  con- 
tinued from  one  chord  to  another  to  which  it  does  not  properly  belong,  and  into  a 
proper  interval  of  which  it  must  finally  resolve  itself. 
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'  At  a  the  note  B  is  suspended  during  the  first  half  of  the  second  chord,  and  re- 
solves itself  upwards  into  the  note  C.  This  is  called  a  suspension  from  below.  At 
b  the  note  E  is  suspended  during  a  portion  of  the  second  chord,  and  resolves  itself 
finally  downwards  into  a  note  of  that  chord.  This  is  called  a  suspension  from  above. 
It  will  be  noticed  that  the  suspended  note  makes  its  appearance  as  a  proper  interval 
of  the  previous  chord.  This  previous  appearance  is  called  by  theorists  the  prepara- 
tion of  the  suspension. 

Anticipation. — Sometimes  during  the  continuation  of  a  chord,  a  sound  having  no 
connection  with  it,  but  belonging  to  the  succeeding  chord,  is  introduced  without  any 
sort  of  preparation. 


In  the  above  example  the  note  0  in  the  first  bar  has  no  connection  with  the  chord 
e-g-b,  but  belongs  to  the  following  chord  of  the  fifth  and  sixth  e-g-b  l?-c.  Such  a 
premature  appearance  of  a  sound  is  called  an  anticipation,  and  the  sound  itself  is 
called  an  anticipated  sound. 

Pedal  jVbte.— -Sometimes  a  sound  of  a  chord  is  continued  during  the  passage  of  a 
series  of  other  chords  to  which  it  is  quite  foreign,  and  until  a  chord  occurs  to  which 
it  does  belong.  Such  a  sound  is  called  a  pedal  note,  the  whole  passage  in  which  it 
occurs  a  pedal  passage. 

Passing  Notes. — In  passing  from  one  interval  of  a  chord  to  the  next  the  inter- 
mediate note  or  notes  may  be  touched.  The  notes  thus  introduced  are  called  notes 
of  transition  or  passing  notes. 


The  notes  D  and  F  (Fig.  a)  in  the  above  example  are  passing  notes. 

Passing  notes  may  be  diatonic  or  chromatic  diatonic,  and  they  may  be  introduced 
to  the  number  of  three  or  even  four  in  succession.  Fig.  b,  in  which  the  notes  0  jt, 
D,  D  $,  and  E.  are  passing  notes. 

Thorough  Bass. — Thorough  bass  is  a  kind  of  musical  shorthand  in  which  the 
harmony  of  a  composition  is  indicated  by  certain  figures  placed  above  or  below  the 
bass  part. 

If  no  figure  appears  over  a  note  it  is  understood  that  the  common  chord  on  the 

bass  note  is  to  be  played.    This  chord  is  also  figured  by  s,  $,  |,   etc. 

•  signifies  that  a  chord  of  the  sixth  is  to  be  played. 
J  or  }  "  "  sixth  and  fourth  is  to  be  played. 
7                     "               "  seventh 
for  J              "                "  sixth  and  fifth 
I  or  J              "                "              third  and  fourth 
t                     "                "              second 

•  "  "  ninth  " 

A  chromatic  sign  before  a  figure  has  the  same  eft'eet  as  though  it  were  placed  be- 
fore the  note  represented  by  the  figure.  When  the  third  from  the  bass  note  is  to  be 
thus  altered,  the  chromatic  sign  is  written  without  a  figure.  Suspensions,  anticipa- 
tions, and  passing  notes  are  indicated  by  figures  showing  the  interval  they  severally 
make  with  the  bass  note. 

The  above  are  the  chief  elements  of  thorough  bass  notation ;  several  other  de- 
tails are  introduced  which  it  is  not  necessary  here  to  enumerate.  As  a  system  of 
notation  it  is  very  deficient  in  that  it  does  not  represent  the  number  of  parts  that 
are  to  be  used,  nor  the  rhythmical  divisions.  Its  great  use  consists  in  the  fact  that 
it  enables  a  composer  to  convey  quickly  to  paper  a  rough  skeleton  of  his  thoughts 
while  they  are  fresh  on  his  mind.  It  is  not,  however,  so  much  used  now  as  in  former 
times. 
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Harton  Colliery  Experiment.    See  Earth. 

Harvest  Moon.  The  full  moon  which  falls  nearest  to  the  autumnal  equinox. 
Near  the  autumnal  equinox  the  half  of  the  ecliptic  visible  at  sunset  makes  the  least 
possible  angle  with  the  horizon.  Thus,  when  the  moon  is  nearly  full,  or  rising-  as 
the  sun  sets,  she  is  travelling  at  the  least  possible  angle  with  the  horizon,  and  thus 
on  successive  nights  rises  nearly  at  the  same  time,  or  rather  at  times  separated  by 
the  least  possible  intervals. 

Heat.  When  we  touch  anything  which,  in  ordinary  language,  is  said  to  be  hotter 
than  ourselves,  we  experience  a  peculiar  sensation  familiarly  known  as  heat.  The 
term  is  derived  in  all  probability  from  the  Sanskrit  indh,  to  kindle,  through  the 
Greek  at9w,  the  Latin  cestus,  and  the  old  German  eit.  It  is  also  closely  related  to 
the  Gothic  liaitan,  the  Frisian  hjitte,  the  Icelandic  hita,  and  the  Anglo-Saxon 
haeto.  These  words  are  all  related,  more  or  less  directly,  to  cestus.  4*  JBstus" 
says  Vossius  in  his  Lexicon  Etymologicon,  "  est  commotio,  vel  in  igni%  vtl  in 
aqua,  vel  in  animo  ;  omnia  ant  em  commotio  fervorem  gignit."  Inasmuch  as 
heat  is  now  considered  to  be  a  motion  belonging  to  matter,  not,  as  was  formerly  be- 
lieved, a  kind  of  matter  itself,  it  will  be  seen  that  the  word  heat  is  peculiarly  appro- 
priate for  designating  the  science.  We  must  regard  heat  as  a  motion  appertaining 
to  matter — a  motion  of  the  infinitely  small  particles,  or  atoms,  or  molecules,  of  whicn 
all  matter  is  composed.  This  motion,  when  communicated  to  the  brain  through  the 
intervention  of  the  particles  of  the  cerebrospinal  nerves,  produces  in  us  the  sensa- 
tion by  which  heat  is  familiarly  recognized  and  known ;  and  when  communicated  to 
inanimate  matter  it  produces  various  changes,  which  will  be  described  in  detail  else- 
where. Till  within  the  last  twenty  years,  neat  was  almost  universally  considered  to 
be  a  kind  of  very  subtle  matter,  capable  of  passing,  in  its  material  form,  from  one 
substance  to  another.  Nevertheless,  from  the  earliest  times,  certain  philosophers 
have  expressed  their  opinion  that  heat  is  not  material,  but  rather  a  quality  of  mat- 
ter. The  Stoics  regarded  fire  as  the  active  principle  of  the  universe,  because  it 
possesses  innate  motion.  Epicurus  considered  neat  as  an  effluxion  of  minute  spheri- 
cal particles  possessing  rapid  motion,  and  capable  of  insinuating  themselves  into 
the  densest  substances  in  virtue  of  their  smallness  and  the  rapidity  of  their  motion. 
Lucretius,  who  followed  Epicurus  somewhat  closely,  maintained  that  both  the  light 
and  heat  of  the  sun  are  the  result  of  the  vehement  motion  of  primary  particles 
(*'  primi  minuti").  Aristotle  appears  to  have  regarded  heat  rather  as  a  condition 
of  matter  than  as  matter  itself.  By  the  ancients  generally,  fire  (under  which  term 
were  included  both  light  and  heat)  was  considered  the  active  agent  of  the  universe; 
it  was  the  force  exercising  itself  upon  matter.  The  function  of  fire  is  well  signified 
in  the  story  of  Prometheus,  who  was  fabled  to  have  stolen  fire  from  heaven,  and 
therewith  vivified  mankind.  Fire  was  the  anima,  while  the  inferior  elements,  air, 
water,  and  earth,  together  constituted  the  corpus.  The  views  of  the  ancients  re- 
garding the  nature  of  heat  appear  to  have  been  somewhat  generally  adopted  during 
the  Middle  Ages.  Cardanus  (6.  1501)  frequently  speaks  of  "motus  ignis"  and 
"motus  caloris."  Robert  Fludd,  writing  in  1617,  affirms  that  heat  is  the  ultimate 
effect  of  the  action  of  light,  resulting  from  the  motion  of  material  particles.  Tele- 
sius  of  Gosenza  asserted  that  heat  is  the  cause  of  motion,  cold  of  rest,  and  that  the 
interaction  of  these  incorporeal  principles  produces  all  the  phenomena  of  the  uni- 
verse. Francis  Bacon  was  one  of  the  first  to  deny  the  elemental  nature  of  fire,  by 
affirming  that  it  is  "  merely  compounded  of  the  conjunction  of  light  and  heat  in  any 
substance."  Elsewhere,  he  defines  heat  as  "  not  a  uniform  expansive  motion  of  the 
whole,  but  of  the  small  parts  of  a  body ;  and  this  motion  being  restrained,  repulsed 
and  reflected,  becomes  alternating,  perpetually  hurrying,  striving,  struggling,  and 
irritated  by  the  repercussion,  which  is  the  source  of  the  violence  of  flame  and  heat" 
Again,  he  says,  "  Heat  is  a  motion,  expansive,  restrained,  and  acting  in  its  strife 
upon  the  smaller  particles  of  bodies."  As  an  example  of  the  production  of  heat  by 
the  motion  of  a  mass,  he  mentions  that  a  piece  of  metal,  when  hammered,  becomes 
hot.  and  if  the  hammering  were  continued,  would  probably  become  red-hot— an  effect 
which  may  readily  be  produced,  and  an  example  which,  to  this  day,  appears  in  our 
textbooks.  Descartes,  who  has  made  many  most  pertinent  remarks  regarding  heat 
in  his  Principia  Philosophice*  asserts  that  a  nail  which  is  being  driven  into  a  block 
of  wood  docs  not  grow  hot  until  after  it  has  been  forced  home  by  the  hammer,  be- 
cause heat  is  the  motion  of  the  insensibly  small  parts  of  matter,  not  of  masses ;  and 
so  long  as  the  nail  itself  is  capable  of  moving,  the  force  of  the  blow  is  expended  in 
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S reducing  the  motion  of  a  moss,  not  in  moving  the  minute  particles  of  the  body. 
ohn  Locke  seems  to  have  fully  recognized  the  theory  which  considers  heat  as  a 
motion  of  matter.  "  Heat,"  he  says,  "  is  a  very  brisk  agitation  of  the  insensible 
parts  of  the  object,  which  produces  in  us  that  sensation  from  whence  we  denominate 
the  object  hot ;  so  that,  what  in  our  sensation  is  heat,  in  the  object  is  notl  ing  but 
motion"  Thus  far  we  have  spoken  of  the  views  of  certain  old  writers  who  regarded 
heat  as  motion ;  but,  side  by  side  with  their  dogmas,  there  flourished  an  hypothesis 
which  affirmed  that  heat  is  substantial.  Towards  the  middle  of  the  seventeenth 
century  there  arose  a  theory  which,  for  more  than  a  ceutury,  profoundly  influenced 
the  scientific  world,  and  which  proposed  to  account  for  various  phenomena  by  the 
absorption  or  rejection  of  "  materia  aut  principium  ignis,  non  ipso  ignis" — the  matter 
or  principle  of  fire,  not  fire  itself.  This  was  known  as  the  theory  of  Phlogiston  (see 
Phlogiston),  and  was  specially  applied  to  chemical  phenomena.  The  materia  ignis, 
or  fkoyt&tw,  was  supposed  to  be  a  subtle,  invisible  matter  capable  of  readily  passing 
from  one  substance  to  another,  and  of  producing  various  changes,  according  as  it 
was  accumulated  in,  or  separated  from,  different  substances.  From  this  arose  a 
yery  extended  theory  of  materialized  heat,  which  was,  in  one  form  or  other,  gener- 
ally adopted  during  the  whole  of  the  last,  and  far  into  the  present,  century.  We 
see,  therefore,  that  there  had  gradually  arisen  side  by  side  two  distinct  theories  in 
regard  to  the  nature  of  heat ;  the  one  regarding  it  as  a  matter,  and  calling  it  Phlo- 
giston or  Caloric  (color,  heat,  from  caleo,  xrfkxx*),  and  known  as  the  Material  Tlieory 
{materia,  matter) ;  the  other  regarding  it  as  a  rapid  motion  of  the  small  particles 
or  molecules  (molecula,  a  small  mass)  of  matter,  and  known  as  the  Kinetic  Theory 
(scMprtf,  motion),  or  the  Dynamic  Theory  (5vra/u$,  force),  or  as  Therm  o~dyn  amies. 

At  the  close  of  the  last  century  the  material  theory  was  universally  adopted,  and 
we  have  now  to  consider  certain  experiments  which  were  then  made  which  proved 
its  fallacy  and  paved  the  way  for  its  downfall  in  our  day.  In  the  various  examples 
in  which  heat  is  produced  by  mechanical  means,  such  as  friction,  compression,  and 
percussion,  the  materialists  accounted  for  the  development  of  heat  by  asserting  that 
the  act  of  friction,  etc.,  altered  the  capacity  for  heat  of  the  substance  so  acted  upon. 
A  nail  becomes  hot  when  it  is  hammered,  they  said,  because  its  particles  are  com- 
pressed and  the  heat  as  it  were  squeezed  out,  like  water  from  a  compressed  sponge ; 
the  uuhammcrcd  metal  has  a  greater  capacity  for  heat,  or  capability  of  holding  it 
than  the  hammered  metal.  They  denied  the  possibility  of  producing  new  heat,  as- 
serting that  the  quantity  of  heat  in  the  universe  is  a  constant  quantity  which  cannot 
be  increased  or  diminished,  and  which  manifests  itself  only  when  passing  from  one 
substance  to  another.  Again,  it  was  well  known  that  certain  different  substances 
possess  a  greater  capacity  for  heat  than  others,  for  example,  that  more  heat  is  re- 
quired to  raise  one  pound  of  water  10°  than  to  equally  heat  one  pound  of  mercury ; 
and  the  materialists  explained  this  by  saying  that  the  water  had  a  greater  power 
of  storing  away  heat  than  mercury.  In  17'J7,  Count  Kumford,  while  superintending 
the  boring  of  cannon  in  the  Arsenal  of  Munich,  was  surprised  to  find  the  very 
great  extent  to  which  a  gun  became  heated  during  the  process,  and  that  the  metallic 
shavings  separated  by  the  borer  were  yet  more  heated.  He  was  led  to  examine  this 
result  by  the  assertions  of  those  who  adopted  the  material  theory  of  heat,  for  if,  as 
they  affirmed,  the  heat  of  friction  results  from  an  altered  capacity  for  heat  in  the 
substances  submitted  to  friction,  it  follows  that  all  the  heat  observed  in  the  cannon 
and  the  metallic  shavings  must  have  resulted  from  the  altered  capacity  for  heat  of  a 
few  ounces  of  metal  shavings.  But  this  appeared  incredible;  moreover  l£um ford 
found  on  experiment  that  the  metal  shavings  had  precisely  the  same  capacity  for 
heat  as  the  solid  metal  of  the  cannon,  lie  then  constructed  a  special  apparatus  for 
the  production  of  heat  by  friction,  in  which  a  blunt  steel  borer  was  caused  to  rc- 
yolve  by  horse-power,  and  to  press  against  the  bottom  of  a  metal  cylinder.  This 
cylinder  was  surrounded  by  a  second  one  in  which  was  placed  2J  gallons  of  water 
possessing  a  temperature  of  60°  F.  Thus  the  heat  produced  by  the  friction  of  the 
blunt  border  against  the  inner  cylinder  was  communicated  to  the  water  in  the  outer 
cylinder.  One  hour  after  the  commencement  of  revolution  of  the  borer,  the  temper- 
ature of  the  water  had  risen  47°,  that  is  to  107° ;  during  the  next  half-hour  it  rose 
to  142°;  at  the  end  of  two  hours  to  178°,  and  in  two  hours  and  a  half  the  whole 
mass  of  2J  gallons  of  water  actually  boiled  by  the  heat  of  friction.  Here  then  we 
have  an  example  of  the  continuous  production*  of  heat. 
"  It  is  hardly  necessary  to  add/1  he  writes,  "  that  anything  which  any  insulated 
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body  or  system  of  bodies  can  continue  to  furnish  without  limitation  cannot  possibly 
be  a  material  substance ;  and  it  appears  to  me  to  be  extremely  difficult,  if  not  quite 
impossible,  to  form  any  distinct  idea  of  anything  capable  of  being  excited,  and  com- 
municated in  these  experiments,  except  it  be  motion."  This  was  the  first  and  most 
decisive  blow  which  was  aimed  at  the  then  dominant  material  theory  of  heal  A 
few  years  later  Sir  Humphry  Davy  proved  conclusively  the  immateriality  of  heat 
It  was  well  known  that  water  at  the  freezing  temperature  has  a  greater  capacity  for 
heat  (or  more  heat  stored  up  in  it,  as  the  materialists  said)  than  ice  at  the  same 
temperature.  (See  Latent  Heat.)  To  liquefy  ice  a  large  amount  of  heat  is  required 
before  the  temperature  of  the  resulting  water  commences  to  rise.  "Now,  said 
Davy,  "  if  I,  by  friction,  liquefy  ice,  a  substance  will  be  produced  which  contains  a 
far  greater  absolute  amount  of  heat  than  the  ice ;  and  m  this  case  it  cannot  with 
any  show  of  reason  be  affirmed  that  I  merely  render  sensible  heat,  which  had  been 

Sreviously  insensible  in  the  frozen  mass.  Liquefaction  in  this  case  will  conclusively 
emonslrate  a  generation  of  heat."  Accordingly  he  rubbed  together  two  pieces  of 
ice  placed  both  in  air  and  in  a  vacuum,  and  surrounded  by  a  freezing  atmosphere; 
the  ice  was  liquefied,  and  the  direct  generation  of  heat  by  mechanical  meanB  was 
thus  conclusively  proved. 

Although  the  falsity  of  the  material  theory  of  heat  was  proved  thus  early  in  the 
century,  it  was  by  no  means  abandoned  :  indeed,  the  dynamic  theory  had  scarcely 
a  supporter,  and  this  state  of  things  continued  until  it  was  proved  that  a  certain 
definite  amount  of  mechanical  work  corresponds  to  a  certain  definite  amount  of  heat, 
and  vice  versa  ;  that  is,  until  the  determination  of  the  so-called  mechanical  equiva- 
lent of  heat.  This  was  commenced  about  1842  by  Dr.  Julius  Mayer,  of  Heilbronn, 
and  in  1843  by  Mr.  Joule,  of  Manchester,  and  trie  results  obtained  (by  perfectly 
distinct  methods)  proved  that  772  foot-pounds  of  mechanical  work  must  be  expended 
in  order  to  produce  one  unit  of  heat,  in  other  words,  that  1  lb.  of  water  falling  under 
the  influence  of  gravity  through  772  feet,  has  its  temperature  raised  1°  F.  when  it 
comes  into  collision  with  the  earth.  (See  Mechanical  Equivalent  of  Heat.)  We 
have  here,  then,  proof  of  the  direct  conversion  of  the  motion  of  a  tangible  mass, 
that  is  mechanical  work,  into  the  motion  of  intangible  molecules,  that  is  heat ;  and 
we  have  the  precise  relative  values  in  their  respective  units.  The  converse  of  this 
also  takes  place,  for  a  given  amount  of  heat  truly  represents,  and  is  capable  of  being 
converted  into  a  certain  definite  amount  of  mechanical  work.  The  extension  and 
application  of  this  important  demonstration  will  be  found  in  various  portions  of  this 
work. 

The  science  of  heat,  properly  so-called,  is  younger  than  nearly  all  the  physical 
sciences;  and  this  arises  from  the  fact  that  until  late  in  the  last  century  heat  was 
regarded  simply  as  a  chemical  agent.  (See  Caloric.)  There  were  no  separate 
treatises  on  heat,  but  a  chapter  was  always  devoted  to  it  in  works  on  chemistry.  In 
one  sense  the  theory  of  Phlogiston  (which  see)  is  essentially  a  heat  theory,  but  it 
has  always  been  regarded  as  a  chemical  theory,  because  heat  plays  so  important  a 
part  in  many  chemical  operations  that  the  agent  became  hidden,  so  to  speak,  in  its 
applications.  Pyrotechnia  (rtvp  W^ny)  was  indeed  one  of  the  many  names  by  which 
chemistry  was  known :  "  car,  en  eiFet."  says  Lemery,  "  e'est  par  le  moyen  du  feu 
qu'on  vient  a  bout  de  presque  toutes  les  operations  chymiques."  In  old  scientific 
works  we  frequently  meet  with  such  words  as  calcinatto,  ignitio,  cinefactiot  rever- 
beratio,  desiccatio,  sublimatio,  and  distillaiio ;  and  the  applications  of  heat  to 
chemical  processes  are  now  more  numerous  than  ever.  S'Gravesande,  writing  in 
1742,  gives  45  pages  to  heat  in  his  Physices  Elementa  Mathematica  ;  yet  it  was 
more  generally  made  a  part  of  chemical  treatises  until  the  present  century^ when 
separate  works  on  the  subject  infrequently  appeared.  Of  recent  works  we  may 
specially  mention  Tyndall,  "  On  Heat  considered  as  a  Mode  of  Motion  ;M  Balfour 
Stewart  "  An  Elementary  Treatise  on  Heat ;"  A.  Cazin,  "  La  Chaleur ;"  and  Clan- 
sius,  "  On  the  Mechanical  Theory  of  Heat."  The  various  phenomena  connected 
with  heat  will  be  found  discussed  under  separate  headings  in  this  Dictionary.  (See 
specially  A bsorpti 'on  of  Heat ;  Calorescence ;  Conduction;  Convection;  Ebulli- 
tion; Expansion;  iMent  Heat ;  Liquefaction;  Radiant  Heat;  Solidification; 
Specific  Heat;  Temperature;  Thermometry;  Vaporization,) 

Heat,  Animal.    See  Animal  Heat. 

Heat,  Atomic.    See  Atomic  Heat. 
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Heat-Engine.  A  machine  in  which  heat  is  transformed  to  mechanical  force. 
Such  a  machine  consists  of  a  source  of  heat,  a  receiver  of  heat  or  refrigerator,  and  a 
means  of  conveying  heat  between  them ;  and  it  produces  work  while  heat  passes 
from  the  source  to  the  refrigerator.  By  means  of  a  conception  due  to  Carnot  (sec 
Carnofa  Function),  Sir  William  Thomson  has  determined  the  amount  of  work  which 
can  be  produced  by  a  perfect  heat-engine  of  any  kind.  The  fraction  of  the  heat, 
which  is  converted  into  work,  is  directly  proportional  to  the  difference  of  the  tem- 
peratures of  the  source  and  refrigerator,  and  inversely  proportional  to  the  temperature 
of  the  source.  If  we  take  the  number  of  degrees  above  the  absolute  zero  of  tem- 
perature, the  fraction  of  heat  available  for  work  in  a  perfect  engine  is  equal  to  the 
range  of  temperature,  divided  by  the  temperature  of  the  source  reckoned  from  the 
x-to  of  absolute  temperature.  For  example,  suppose  the  temperature  of  the  source 
of  heat  to  be  142P  0.,  and  that  of  the  refrigerator  69°  C,  and  the  absolute  zero  of 
temperature  — 273°  C,  then  the  fraction  of  the  heat  expended,  which  is  available  for 
work,  is  142 — 69,  divided  by  142+173  or  one-fifth.  Again,  suppose  the  heat  to  be 
supplied  to  this  machine,  by  burning  a  material,  a  pound  of  which  yields,  on  combus- 
tion, heat  equivalent  to  10,000.000  foot-pounds,  then  the  work  done  by  the  engine 
for  every  pound  of  fuel  burnt  will  be  2,000.000  foot-pounds.  It  is  evident  from  this 
law  that  the  greater  the  difference  of  the  temperatures  of  source  and  refrigerator, 
the  more  economical  will  be  the  engine,  and  &s  in  general  the  lowest  teni]>erature 
will  be  that  of  the  surface  of  the  earth,  and  therefore  constant,  it  follows  that  the 
Greatest  economy  is  secured  with  the  highest  attainable  temperature.  In  the  steam- 
engine,  worked  with  saturated  vapor,  the  temperature  of  the  steam  will  depend  on 
the  pressure  under  which  it  is  produced,  and  is  therefore  limited  by  the  strength  of 
the  materials  employed.  In  the  steam-engine,  worked  wirh  steam,  to  which  addi- 
tional heat  has  been  communicated  after  it  has  left  the  boiler,  and  while  not  in  con- 
tact with  water,  the  limit  depends  on  the  temperature  at  which  the  steam  acts 
chemically  upon  the  metals  containing  it,  and  also  on  the  power  of  these  metals  to 
resist  the  action  of  heat.  The  same  limits  to  high  temperature  occur  with  hot-air- 
engines,  as  with  steam  engines.  (See  Steam-Engine;  Hot- Air-Engine;  Gas- 
Engine.) 

Heat  of  Chemical  Combination.  A  matter  of  the  highest  importance,  both 
practical  and  theoretical,  is  the  evolution  of  heat  during  chemical  combination. 
Ordinary  combustion,  as  when  heat  is  produced  by  the  burning  of  coal  or  wood  in 
air  or  oxygen,  is  a  very  familiar  example ;  another  is  found  in  animal  heat,  which 
arises  from  the  conversion  of  the  carbon  contaiued  in  the  food,  into  carbonic  acid 
p;«  by  the  oxygen  which  is  taken  into  the  lungs;  a  third  case  is  found  in  what  is 
called  by  Liebig  Ercmacausis  (»Jpf/*o$,  slow ;  xaiw$,  a  burning),  as  when  moist  leaves, 
damp  hay,  or  other  organic  matter,  slowly  oxidizing  in  the  air,  become  heated  often 
very  intensely/;  heat  is  also  well  known  to  be  given  out  when  a  metal,  such  as  zinc, 
is  acted  on  by  an  acid  ;  and  it  is  true  that  no  chemical  combination,  if  we  exclude 
from  chemical  combination  cases  of  mere  solution,  can  go  on  without  the  evolution 
of  heat.  Even  when  cold  is  produced  by  solution,  it  is  due  to  alteration  in  physical 
condition,  generally  to  a  change  of  a  solid  or  solids  into  a  liquid. 

The  determination  of  the  heat  due  to  chemical  combination  is  by  no  means  easy. 
Were  it  sufficient  to  burn  a  pound  of  carbon  or  of  hydrogen  in  a  sufficient  supply  of 
oxygen  or  chlorine  within  a  calorimeter,  and  then  note  the  increment  of  heat,  the 
problem  would  perhaps  not  present  much  difficulty;  but  the  properties  of  the  new 
compounds  formed  as  a  rule  difTer  widely  from  those  of  the  elements  of  which  they 
are  comiwscd  ;  thus  a  solid  may  become  gaseous  as  carbon  in  carbonic  arid,  or  two 
gases  a  liquid  ;  therefore,  the  specific  heat  and  the  latent  heat  may  chnnire.  and  it 
13  very  difficult  to  ascertain  the  effect  of  these  alterations  upon  the  observed  increase 
of  heat.  The  experimental  examination  of  the  question  was  first  undertaken  by 
Lavoisier,  who  was  followed  by  Dalton,  Davy,  Dulong.  Despretz,  IlAVs;  the  mo>t 
recent  results  are  those  of  Andrews,  and  of  Favre  and  Silbermann,  and  of  these  we 
shall  give  a  brief  account. 

We  must  refer  the  reader  to  the  original  memoirs  for  an  account  of  the  apparatus 
used,  and  of  the  various  precautions  taken  in  performing  the  experiments;  it  is  suffi- 
cient to  say  that  both  used  calorimeters  in  which  the  combination  was  caused  to  take 
place  within  one  vessel  immersed  in  a  second,  which  was  filled  with  water,  extraor- 
dinary precautions  beimr  taken  to  avoid  loss  by  radiation.  That  of  Andrews  is 
described  in  the  Philosophical  Magazine,  May,  lb48 ;  that  of  Favre  and  Silbermann 
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in  the  Ann.  de  Chemte,  III.,  xxxiv.,  xxxvi.,  xxxvii.  Afterwards  Pavre  and  83- 
bermann  used  a  mercury  thermometer  with  a  very  large  bulb,  haying  a  hollow 
opening  into  it  within  which  the  substances  to  be  experimented  on  were  placed. 

As  might  be  expected  from  the  known  laws  of  energy,  the  combination  of  given 
weight,  one  element  with  an  equivalent  quantity  of  another,  gives  rise  to  a  definite 
amount  of  heat,  both  elements  being  in  a  given  condition.  The  following  table, 
quoted  from  Miller's  Elements  of  Chemistry,  gives  concisely  what  are  called  by 
Favre  and  Silbermann  the  calorific  equivalents  of  the  various  elements  when  com- 
bined together.  "  The  numbers  given  indicate  the  quantity  of  heat  evolved  by  the 
union  of  equivalent  quantities  of  oxygen,  chlorine,  bromine,  iodine,  and  sulphur  with 
each  element,  taking  as  the  standard  of  comparison  the  number  of  grammes  of  water 
at  0°  C,  which  would  be  raised  to  1°  C.  by  the  combustion  of  one  gramme  of  hydro- 
gen in  oxygen."  The  numbers  for  the  various  elements  are  calculated  from  their 
equivalent  numbers,  and  not  from  their  atomic  weights.  The  observers  are  Andrews, 
Favre  and  Silbermann,  and  Dulong.  Those  numbers  to  which  an  asterisk  is  prefixed 
are  calculated  by  indirect  methods — 

Calorific  Equivalents  op  Various  Elements  (O  =  8). 


Elements. 

Observers. 

Oxygen. 

Chlorine. 

Bromine. 

Iodine. 

8ulph«r. 

« 

Hydrogen    . 

F.  and  S. 

84462 

23783 

•9322 

♦--8606 

•3741 

Carbon 

tt 

24240 

Sulphur 

<< 

17700 

Phosphorus 

A. 

36072 

Potassium   . 

A.        \ 

F.  and  S.  J 

104476 

41 

•100960 

•90188 

♦77268 

•4M» 

Sodium        .       . 

•« 

94847 

Zinc      .... 

A.        1 

42282 

60608 

40640 

26617 

...» 

F.  and  8.  < 

•42151 

•50296 

•90MO 

Iron      .... 

A.        \ 

33072 

82695 

23833 

8046 

«« 

•37828 

•49651 

•17753 

Tin       .... 

A. 

33519 

31722 

Arsenicum   . 

<> 

24992 

Antimony    . 

Dulong. 

47000 

A.  30401 

Copper .... 

F.  and  S.  \ 

10152 

80404 

14 

.... 

♦21885 

♦29524 

•9133 

Lend     .... 

•• 

•2/675 

•44730 

•32S02 

♦23208 

•9056 

Silver   .... 

(• 

•6113 

•34800 

•25613 

♦18651 

•5524 

As  an  example  of  the  use  of  this  table,  it  appears  from  it  that  the  burning  of  one 
gramme  (or  one  pound)  of  hydrogen  in  oxygen  to  form  water,  would  give  rise  to  as 
much  heat  as  would  raise  the  temperature  of  34,462  grammes  (or  pounds)  of  water 
from  0°  C.  to  1°  C.  Again,  32.75  being  the  equivalent  number  lor  zinc,  the  com- 
bination of  32.75  grammes  (or  pounds)  of  zinc,  with  a  sufficient  quantity  of  oxygen 
(8  grammes  or  pounds)  to  oxidize  it  completely,  gives  rise  to  as  much  heat  as  would 
raise  42 ,282  grammes  (or  pounds)  of  water  from  0°  C.  to  1°  C,  while  the  combina- 
tion of  the  same  weight  of  zinc,  with  an  equivalent  quantity  of  chlorine  (35.5 
grammes  or  pounds),  would  evolve  enough  heat  to  raise  50,658  grammes  (or  pounds) 
of  water  from  0°  C.  to  1°  C. 

Favre  and  Silbermann  proved,  by  examining  carbon,  sulphur,  and  phosphorus, 
that  equal  weights  of  the  same  body,  when  in  differeut  allotropic  conditions,  do  net 
evolve  the  same  quantities  of  heat  during  combustion,  and  also  that,  in  the  case  of 
compound  bodies  burned,  the  condition  as  to  form  before  combustion  has  an  influence 
on  the  amount  of  heat  given  out. 

Andrews  determined,  in  a  large  number  of  cases,  the  quantity  of  heat  evolved 
during  the  precipitation  of  one  metal  from  its  salts  by  another  metal.  His  numerical 
results,  will  oe  found  in  his  paper  on  the  subject  in  Phil.  Trans.,  1848.  He  came  to 
the  following  important  conclusions  :< — 

(1)  That  when  an  equivalent  of  one  metal  is  displaced  by  an  equivalent  of  another 
metal,  the  amount  of  heat  given  out  is  the  same,  whatever  be  the  acid  of  the  salt, 

Erovided  that  the  former  metal  is  in  all  the  salts  in  the  same  state  of  oxidation ; 
ut  that  if  different  precipitating  metals  be  used,  the  quantities  of  heat  evolved  are 
different. 

(2)  That  the  following  is  the  order  of  the  metals  arranged  so  that  the  first 
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evolves  most  heat  when  used  to  precipitate  the  metal  at  the  opposite  extremity  of 
the  list  3— 

Zinc  Mercury. 

Iron.  Silver. 

Lead.  Platinum. 

Copper. 

It  will  he  noticed  that  this  is  the  electro-chemical  order  of  the  metals.  Each  is 
electro-positive  with  respect  to  those  which  follow  it. 

(3)  If  there  be  three  metals,  A,  B,  0,  such  that  A  will  displace  B  and  C  from 
their  smite,  and  B  will  displace  C  from  its  salts,  then  the  heat  evolved,  when  an 
equivalent  of  A  displaces  an  equivalent  of  C,  is  equal  to  that  given  out  when  an 
equivalent  of  A  displaces  an  equivalent  of  B,  together  with  that  given  out,  when  an 
equivalent  of  B  displaces  an  equivalent  of  C. 

Again,  we  observe  here  an  electrical  analogy ;  for  if  there  be  three  metals,  A,  B,  0, 
arranged  in  order,  the  electromotive  force  between  A  and  G  is  equal  to  that  between 
A  and  B,  together  with  that  between  B  and  C. 

For  further  particulars  on  this  subject  wo  must  refer  our  readers  to  the  papers  we 
have  already  mentioned,  to  a  memoir  by  Professor  Andrews,  published  in  the  Trans- 
actions of  the  Royal  Irish  Academy,  1841,  and  to  a  "  Report  on  the  ITeat  of  Com- 
bination/' in  the  Reports  of  the  British  Association  for  the  Advancement  of  Science, 
1849. 

Heat  of  Currents.    See  Current,  Heating  Effects  of. 

Heat,  Sonroes  of.  The  sources  of  heat  may  be  ranged  under  three  separate 
heads — firstly,  extraterrestrial  sources,  including  the  sun,  moon,  and  stars. 
Secondly,  terrestrial  sources,  including  the  various  actions  by  which  beat  is  gene- 
rated on  the  earth,  such  as  mechanical  action,  chemical  action,  electricity  in  motion. 
Thirdly,  intra4errestrial  sources,  that  is,  the  innate  heat  of  the  earth,  manifested 
to  us  by  the  eruptions  of  volcanoes,  hot  springs,  etc. 

1.  Solar  Heat  First  and  foremost  is  the  solar  heat,  from  which  all  the  heat  of 
the  moon,  and  almost  all  the  heat  of  'the  earth,  is  supplied.  The  amount  of  heat 
emitted  by  the  sun  has  been  measured  with  considerable  accuracy  both  by  Sir  John 
Herschel  and  by  M.  Pouillet,  and  their  results  agree  very  closely,  for  the  former 
finds  that  the  effect  of  a  vertical  sun  at  the  level  of  the  sea  is  sufficient  to  melt 
0.00754  of  an  inch  of  ice  per  minute,  while  the  latter  makes  the  quantity  0.00703 
inch.  These  results  were  obtained  by  an  instrument  called  a  pyrheliometer  (which 
see),  by  means  of  which  the  total  amount  of  heat  falling  on  a  given  area  can  be 
measured,  and  expressed  in  terms  of  a  known  quantity  of  mercury  or  water  raised 
through  a  certain  number  of  thermometric  degrees.  From  various  determinations 
it  has  been  calculated  that  the  total  amount  of  heat  received  by  the  earth  in  one 
year,  including  that  absorbed  by  the  atmosphere,  would  be  competent  to  melt  a 
stratum  of  ice  105  feet  in  thickness,  surrounding  the  whole  earth.  At  the  actual 
surface  of  the  sun,  ice  would  be  melted  at  the  rate  of  2400  feet  in  thickness  per 
honr.  The  heat  which  we  receive  from  the  sun  is  not  only  enormously  weakened  by 
the  distance,  but  the  aqueous  vapor  in  our  atmosphere  intercepts  no  less  than  four- 
tenths  of  the  total  Quantity  of  heat  which  enters  it.  The  amount  of  solar  heat  which 
falls  upon  the  earth  being  determined,  it  at  once  becomes  possible  for  us  to  calcu- 
late the  total  amount  of  heat  emitted  by  the  sun.  Let  us  imagine  that  the  sun  is 
the  centre  of  a  hollow  sphere,  the  radius  of  which  is  the  distance  of  the  earth  from 
the  sun ;  now  the  area  of  the  sphere  can  be  calculated,  as  also  the  area  of  the  section 
of  the  earth,  which  intercepts  all  the  heat  falling  ujkhi  it.  The  relation  of  these 
to  each  other  is  as  1:2,300,000,000;   therefore,  the  earth  receives  only 

^55,  of  the  total  amount  of  heat  emitted  by  the  sun.  Various  theories  have 
been  propounded  in  order  to  account  for  the  source  of  the  sun's  heat,  and  its  main- 
tenance.  The  sun  dissipates  in  one  year  as  much  heat  as  would  be  produced  by  the 
combustion  of  a  stratum  of  coal  seventeen  miles  in  thickness  surrounding  the  sun, 
and  we  have  no  reason  to  imagine  that  either  a  greater  or  less  amount  of  heat  is 
given  out  now  by  the  sun  than  in  former  ages.  Wc  cannot  imagine  that  the  sun  is 
a  molten  globe  in  process  of  cooling,  for  it  would  long  since  have  dissipated  its  sur- 
face heat ;  nor  can  we  believe  that  combustion  is  taking  place  at  the  surface  of  the 
sun,  for  the  supply  of  combustible  matter,  and  of  gases  to  support  the  combustion, 
could  by  no  possibility  be  maintained.    Indeed,  if  the  sun  were  entirely  composed. 
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of  coal,  and  supplied  with  oxygen  sufficient  to  consume  it,  it  would  be  burnt  up  in 
the  course  of  five  thousand  years.  A  bold  and  ingenious  theory  of  the  source  of  the 
heat  of  the  sun  has  been  elaborated  by  Mr.  Waterston  (British  Association  Reports, 
18f>3) — the  so-called  Meteoric  Theory  of  the  Sun's  Heat.  According  to  this  the 
heat  is  supplied  and  maintained  by  mechanical  means,  by  the  conversion  of  the 
motion  of  masses  of  matter  into  heat.  We  have  before  seen  (see  Heat),  that  me- 
chanical force  and  heat  are  convertible,  and  Mr.  Waterston  conceives  that  there  is  a 
constant  rain  of  meteorites  on  the  sun's  surface.  The  velocity  of  meteors  near  the 
sun  is  prodigious,  it  may  amount  to  300  or  400  miles  per  second,  and  their  force  of 
impact,  and  the  resulting  heat,  would  be  also  prodigious. 

2.  Heat  of  the  Moon.  Many  attempts  have  been  made  to  measure  the  heat  of 
the  inoon ;  there  is  a  general  feeling  that  heat  must  accompany  light ;  and  some  of 
the  older  observers  thought  they  could  detect  the  heat  of  the  moon  by  means  of  an 
ordinary  thermometer.  Tchiruhausen  condensed  the  beams  of  the  moon  by  means 
of  his  large  burning-glass,  but  could  get  no  indication  of  heat,  and  a  few  years  later 
La  Hire  condensed  moonlight  more  than  300  times  with  the  same  result.  After  the 
invention  of  the  thermo-electric  pile  (the  most  delicate  detector  of  heat  with  which 
we  are  acquainted),  Melloni  and  Forbes  made  certain  experiments,  in  which  moonlight 
was  powerfully  condensed  on  this  instrument,  but  without  any  very  definite  results. 
Forbes  calculated  that  if  the  moon  did  transmit  any  heat  at  all,  its  heating  effect 

when  at  the  full  at  the  surface  of  the  earth  was  less  than  ~~  part  of  a  degree  centi- 
grade. We  have  stated  above  that  our  atmosphere  absorbs  four-fifths  of  the  heat 
which  enters  it;  now  it  was  imagined  by  Professor  Piazzi  Smith  that  although  at 
the  surface  of  the  earth  the  heat  of  the  moon  could  not  be  detected,  it  might  be  ap 
parent  at  a  great  altitude  above  the  earth,  where  less  heat  would  have  been  absorbed; 
accordingly,  in  1856,  he  tried  the  effect  of  the  moon  upon  a  thermopile  at  an  eleva- 
tion of  10,000  feet,  at  which  he  had  established  an  astronomical  station  for  various 
experiments.  There  was  no  doubt  now  that  heat  accompanies  moonlight,  and  Smyth 
estimated  the  heat  as  equal  to  that  emitted  by  the  hand  at  a  distance  of  3  feet 
M.  Marie-Davy  has  estimated  this  as  750  millionths  of  a  degree  centigrade.  Lord 
Rosse  has  recently  made  fresh  experiments  on  the  heat  of  the  moon,  using  for  that 
purpose  a  3-feet  reflecting  telescope,  and  a  verv  sensitive  thermopile.  Hib  experi- 
ments have  led  him  to  the  conclusion  that  the  heating  effect  of  tne  moon  upon  the 
earth  is  ~^  that  of  the  sun,  and  he  concludes  that  the  surface  of  the  moon  possesses 
a  temperature  of  about  500°  F.     (Proc.  Royal  Society,  vol.  xvii.,  p.  436.) 

3.  Heat  of  the  Stars.  In  February  1869  Mr.  Huggins  communicated  a  "  Note  on 
the  Heat  or  the  Stars"  to  the  Royal  Society,  in  which  he  mentions  that  in  the  summer 
of  1866  he  was  led  to  imagine  that  the  heat  of  the  stars  might  possibly  be  detected 
more  easily  than  the  solar  heat  reflected  from  the  moon,  and  tnat  he  shortly  after- 
wards obtained  decisive  evidence  of  stellar  heat  in  the  case  of  the  stars  Sirius, 
Pollux,  and  Regulus.  lie  employed  a  refracting  telescope  of  8  inches  aperture  to 
concentrate  the  heat,  and  a  very  sensitive  thermo-electric  pile  to  indicate  it  Pollux 
indicated  the  least  amount  of  heat,  then  Sirius,  Regulus,  and  Arcturus  in  a  slightly 
increasing  amount,  while  Castor  showed  none  at  all.  On  January  13th,  1870,  a 
paper  on  "  Approximate  Determinations  of  the  Heating  Powers  oi  Arcturus  and 
a  Lyras,"  by  Mr.  E.  J.  Stone,  was  read  before  the  Royal  Society,  and  it  possesses 
matter  of  much  interest,  as  the  author  endeavored  not  only  to  aetect  stellar  heat, 
but  also  to  measure  its  intensity  by  the  most  delicate  and  refined  means  at  the  com- 
mand of  physicists.  The  details  of  the  determinations  are  somewhat  complex,  and 
we  will  content  ourselves  with  giving  Mr.  Stone's  concluding  remarks :  4I  From  the 
whole  of  these  observations,  I  think  we  may  conclude  that  Arcturus  gives  to  us 
considerably  more  heat  than  a  Lyne ;  that  the  amount  of  heat  is  diminished  very 
rapidly  as  the  amount  of  moisture  in  the  air  increases ;  that  nearly  the  whole  heat 
is  intercepted  by  the  slightest  cloud ;  that  as  first  approximations,  the  heat  from 
Arcturus,  at  an  altitude  of  25°  at  Greenwich,  is  about  equal  to  that  from  a  3-inch 
cube  containing  boiling  water,  at  a  distance  of  400  yards.  The  heat  from  a  Lyras, 
at  an  altitude  of  60°,  is  about  equal  to  that  from  tne  same  cube  at  a  distance  of 
about  600  yards." 

4.  Production  of  Heat  by  Mechanical  Means.  Passing  now  from  the  extra- 
terrestrial sources  of  heat,  we  arrive  at  the  causes  of  its  generation  on  the  surface 
of  the  earth.    Whenever  matter  in  motion  is  retarded  by  friction  or  by  other  means, 
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or  stopped  by  collision,  the  motion  is  resolved  into  heat,  as  described  in  the  account 
of  the  determination  of  the  mechanical  eqnivalcnt  of  heat.  In  physics,  the  term 
energy  (mpyna,  action,  operation),  is  employed  to  designate  the  power  of  doing  work 
•gainst,  or  overcoming  the  action  of,  any  force.  Energy  exists  in  two  forms,  viz., 
as  Potential  Energy,  or  possible  energy,  and  as  Dynamic  Energy,  or  actual  energy, 
and  the  former  is  perpetually  passing  into  the  latter,  and  this  into  heat  Potential 
energy  is  also  called  possible  energy,  or  energy  of  position,  or  energy  of  tension  ;  it 
is  energy  existing  in  possibility  not  in  act,  as  in  the  case  of  a  mass  of  matter  sus- 
pended above  the  earth's  surface  or  an  arrow  resting  on  a  tense  bowstring ;  the  mass 
can  fall  under  the  action  of  gravity  so  soon  as  it  is  released,  and  the  arrow  can  fly 
upwards  under  the  action  of  the  tense  bowstring  so  soon  as  it  is  released.  Dynamic 
ener£y  (townfuft  power),  is  also  called  energy  of  motion,  or  kinetic  energy  (xtwyotj, 
motion),  and  vis  viva,  and  mechanical  energy ;  it  is  the  actual  energy  of  a  body  in 
motion,  as  when  a  mass  falls  to  the  earth,  or  an  arrow  is  projected  from  a  released 
bowstring.  Heat  which  results  from  mechanical  means  arises  from  the  conversion 
of  possible  energy  into  actual  energy,  and  of  this  latter — the  motion  of  a  mass — 
into  the  peculiar  motion  of  molecules  of  matter  called  heat  Friction,  percussion, 
compression,  and  the  partial  or  complete  stoppage  of  motion  in  any  form,  and  by 
any  means  whatsoever,  afford  examples  of  the  production  of  heat  by  mechanical 
means.  The  relationship  between  dynamic  energy  and  heat  is  measured  in  foot- 
pounds, and  established  in  the  form  of  the  "  mechanical  equivalent  of  heat"  (which 
see),  forms  the  basis  of  the  mechanical  theory  of  heat  Friction  has  been  used  from 
the  very  earliest  times  for  the  production  of  fire,  and  is  still  employed  by  savages. 
Lucretius  mentions  that  fire  was  first  made  known  to  mankind,  either  by  clouds 
meeting  violently  in  collision,  and  dashing  out  sparks  of  fire  like  flint  and  steel,  or 
by  the  friction  of  the  branches  of  trees  during  high  winds.  The  flint  and  steel,  and 
indeed  our  modern  matches,  afford  examples  of  the  production  of  heat  by  friction ; 
bat  the  many  experiments  which  illustrate  this  are  too  well  known  to  need  descrip- 
tion. A  metal  button  may  be  rubbed  till  itr  is  too  hot  to  touch ;  a  gimlet  and  saw 
are  sufficiently  hot  to  melt  beeswax,  or  to  ignite  phosphorus,  immediately  after  use. 
Heat  also  results  from  fluid  friction,  as  shown  in  Joule's  determination  of  the  me- 
chanical equivalent  of  heat  If  water  be  simply  shaken  in  a  bottle  (great  care 
being  taken  to  surround  the  bottle  with  thick  flannel,  to  prevent  any  communication 
of  heat  from  the  hand),  the  temperature  may  he  raised  in  less  than  a  minute  from 
0.7°  F.  to  0.8°  F.,  while  in  the  case  of  mercury,  a  rise  of  1,3°  to  1.5.°  F.  may  be 
produced.  A  locked  wheel  sometimes  has  its  bearing  surface  raised  to  a  red  heat 
oy  the  friction,  and  when  the  brake  is  suddenly  applied  to  a  railway  van,  a  copious 
train  of  sparks  may  be  noticed  in  the  rear  of  the  wheel.  Percussion  also  produces 
heat;  if  a  weight  is  raised  to  a  height  above  the  earth's  surface  and  then  released, 
it  falls  and  comes  into  collision  with  the  earth,  and  is  then  found  to  be  hotter  than 
before ;  its  possible  energy  has  become  actual  energy ;  its  actual  energy  has  become 
heat  Again,  a  nail  may  be  hammered  until,  in  less  than  two  minutes,  it  is  brought 
to  a  bright-red  heat  When  a  pistol  is  cocked  potential  energy  is  conferred  upon  the 
hammer,  and  it  is  comparable  to  a  raised  weight ;  when  the  trigger  is  pulled,  the 
potential  energy  becomes  kinetic;  when  the  hammer  strikes  the  cap,  the  kinetic 
energy  becomes  heat,  equal  to  that  expended  in  raising  the  hammer.  Compression 
produces  heat;  a  piece  of  wood  compressed  in  a  hydraulic  press  is  wanner  than 
before ;  and  during  the  rolling  of  metals  at  the  Mint,  the  bar,  after  compression,  is 
so  hot  that  water  boils  upon  its  surface.  By  causing  a  conductor  to  revolve  between 
the  poles  of  a  powerful  electro-magnet,  Joule  proved  a  considerable  development  of 
heat  thus  resulting  from  the  friction  of  a  metal  against  the  magnetized  ethereal 
medium.  These  varied  actions  are  so  many  examples  of  the  production  of  heat  by 
mechanical  means,  or,  more  strictly,  of  the  conversion  of  the  visible  motion  of  a 
mass  into  the  motion  of  invisible  molecules  of  matter  called  heat 

5.  Production  of  Heat  by  Chemical  Action.  Combustion  is  the  union  of  sub- 
stances, under  the  influence  of  the  attractive  force  called  chemical  affinity,  attended 
by  the  evolution  of  light  and  heat,  as  when  antimony  is  brought  into  contact  with 
chlorine,  or  when  carbon  combines  with  oxygen  to  form  carbonic  acid  gas.  Com- 
bustion is  the  means  by  which  we  obtain  all  artificial  heat  for  the  general  purposes 
of  life,  and  the  form  of  combustion  we  employ  is  the  union  of  carbon,  contained  in 
charcoal,  coal,  wood,  and  our  various  fuels,  with  the  oxygen  gas  contained  in  the 
atmosphere.    By  what  precise  means  these  chemical  actions  give  rise  to  the  pro- 
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duction  of  heat  we  do  not  know,  but  it  is  believed  that  the  molecules  of  two  sub- 
stances about  to  combine  are  in  the  condition  of  a  raised  weight  and  the  earth,  and 
when  they  rush  together  to  combine,  their  kinetic  energy  becomes  heat,  as  in  the 
case  of  the  weight  mentioned  above. 

6.  Production  of  Heat  by  Electricity.  The  heating  effects  of  lightning  are 
considerable ;  houses  are  set  on  fire,  metal  rods  are  melted,  and  sand  is  vitrified  by 
its  means.  On  a  smaller  scale,  metallic  wires  may  be  dissipated  in  vapor  by  the 
discharge  of  a  powerful  battery.  If  we  employ  Voltaic  electricity,  and  cause  the 
current  to  pass  along  a  very  thin  wire,  it  experiences  resistance,  and  the  wire  may 
be  raised  to  a  white  heat,  and  ultimately  fused.  We  do  not  at  present  know  the 
cause  of  the  production  of  heat  by  electricity;  possibly,  in  the  experiment  last 
mentioned,  the  electricity  in  passing  along  the  thin  conduction  wire  may  so  agitate 
its  molecules  that  they  collide,  and  heat  results ;  or,  in  other  words,  the  electricity 
may  indirectly  confer  kinetic  energy  upon  the  molecules  of  the  conduction  wire, 
which  energy  is  ultimately  resolved  into  neat. 

7.  Jjitra-Terrestrial  Heat.  The  heating  power  of  the  sun  does  not  extend  to  a 
greater  depth  than  85  feet  in  our  latitudes,  while  it  is  greater  at  the  equator,  and 
less  at  the  poles.  At  a  certain  depth  there  is  a  layer  of  constant  temperature,  and 
below  this  the  temperature  increases  about  1°  F.  for  a  descent  of  60  or  70  feet ;  at 
a  depth  of  about  30  miles,  if  this  increase  is  regular,  the  heat  would  be  sufficient  to 
fuse  the  most  refractory  granites  and  basalts.  We  have  good  evidence  of  an  intense 
source  of  heat  within  our  globe,  in  the  molton  lava  which  is  ejected  from  volcanoes, 
but  no  satisfactory  hypothesis  has  been  adduced  to  show  the  cause  of  its  central  heat 
Its  effect  on  the  surface  of  the  earth  is  very  insignificant,  for  it  does  not  raise  the 
temperature  more  than  ^th  of  a  degree. 

Heat  Spectrum.  In  a  beam  of  sunlight  there  are  not  only  luminous  rays,  but 
also  invisible  heat  rays,  and  the  latter  arc  capable  of  being  refracted  when  passed 
through  certain  media  in  precisely  the  same  manner  as  the  luminous  rays  which 
accompany  them.  Hence,  when  a  beam  of  light  is  decomposed  by  means  of  a  prirai, 
we  obtain  not  only  a  light  spectrum,  but  also  an  invisible  heat  spectrum.  The  Abb* 
Rochon  endeavored  to  determine  the  comparative  heating  powers  of  the  various 
colored  rays  of  the  spectrum,  in  I77G ;  he  employed  for  this  purpose  a  flint  glass 
prism  and  an  air  thermometer,  and  he  estimated  the  heating  power  of  the  red  rays 
to  be  about  eight  times  as  great  as  that  of  the  violet  rays.  In  1798,  Leslie,  by 
means  of  a  differential  air  thermometer,  found  the  relative  heating  powers  of  the 
blue,  green,  yellow,  and  red  rays,  to  be  as  1  : 4  :  9  :  16.  In  1800,  Sir  W.  Hereehel 
employed  a  small  mercurial  thermometer  for  the  same  purpose,  and  arrived  at  the 
conclusion  that  the  hottest  part  of  the  spectrum  is  beyond  the  red  rays.  Professor 
Mttller,  of  Freiburg,  afterwards  examined  the  solar  spectrum  by  more  accurate 
means,  and  mapped  the  heat  spectrum,  the  distribution  and  intensity  of  the  heat 
being  represented  by  means  of  a  curve,  as  suggested  by  Sir  William  HerscheL 
Professor  Tyndall  has  recently  measured  and  mapped  the  heat  spectrum  of  the 
electric  light  with  great  accuracy,  and  it  may  be  well  for  us  to  consider  the  means 
which  he  employed.  The  electric  light  apparatus  was  fitted  with  Foucault's  regula- 
tor, and  in  the  orifice  of  the  lantern  a  lens  of  rock  salt  was  placed  so  as  to  render 
the  rays  which  issued  from  the  voltaic  arc  perfectly  parallel.  A  lens  of  rock  salt 
was  employed  in  place  of  the  ordinary  glass  lens,  because  rock  salt  cuts  off  a  far 
less  amount  of  heat  than  glass.  The  parallel  beam  passed  through  a  narrow  slit, 
and  then  through  a  second  rock  salt  lens ;  behind  this  lens  there  was  a  prism  of  rock 
salt,  by  means  of  which  a  spectrum  was  cast  upon  a  screen.  A  very  delicate  ther- 
mometry pile,  having  a  vertical  linear  opening  0.03  inch  wide,  was  used  to  measure 
the  heat  at  various  points  of  the  spectrum.  Wow  if  the  maximum  intensity  of  heat 
be  called  100,  Tyndall  found  the  intensity  in  the  blue  portion  of  the  visible  spectrum 


trum.  it  was  45.  The  intensity  now  increased  rapidly  to  100,  and  then  passed  rather 
quickly  to  2.  It  was  thus  found  that  the  length  of  the  heat  spectrum  considerably 
exceeds  that  of  the  entire  visible  spectrum  from  violet  to  red,  and  when  the  intensity 
was  measured  by  means  of  a  curve,  the  latter  was  found  to  commence  in  the  blue, 
and  to  ascend  gradually  until  just  beyond  the  red  it  "shoots  suddenly  upwards  in  a 
steep  and  massive  peak — a  kind  of  Matterhorn  of  heat — which  quite  dwarfs  by  its 
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magnitude  the  portion  of  the  diagram  representing  the  visible  radiation."  In  the 
case  of  the  heat  spectrum  obtained  from  a  beam  of  sunlight  this  curve  is  less  steep, 
because  the  aqueous  vapor  in  the  atmosphere  absorbs  a  considerable  amount  of  the 
obscure  heat  rays.  In  fact  while  the  invisible  radiation  of  the  sun's  light  as  it 
leaches  us  is  only  about  double  that  of  the  visible,  the  invisible  radiation  of  the 
electric  light  is  nearly  eight  times  greater  than  the  visible,  because  the  rays  pass 
through  an  infinitely  thinner  layer  of  aqueous  vapor  than  those  from  the  sun.  The 
account  of  the  complete  separation  of  the  invisible  heat  rays  from  the  visible  light 
rays  of  the  electric  light,  will  be  found  under  the  heading  Calorescence.  (See  also 
Obscure  Heat ;  Radiant  Heat.) 

Heavy  Glaig.    See  Silicates  ;  Silicate  of  Lead. 

Heavy  Spar.    See  Sulphates,  Barium. 

Heliacal,  (ijiuaxof,  belonging  to  the  sun.)  The  ancient  astronomers  spoke  of  a 
star  as  rising  keliacally,  when  it  rose  just  so  long  before  the  sun  as  to  be  visible  in 
the  morning  twilight  A  star  was  said  to  set  heliacally  when  it  set  just  long  enough 
after  the  son  to  be  visible  in  the  evening  twilight.    (See  Acronycal  and  Cosmical.) 

Heliocentric.  (17^*0$,  the  sun ;  jwVrpov,  centre.)  A  term  used  in  astronomy  to 
express  the  position  or  motions  of  the  members  of  the  solar  system  with  respect  to 
the  bud's  ceutre.  The  heliocentric  longitude  of  a  planet  is  the  angle  included 
between  two  planes  through  the  sun's  centre,  and  at  right  angles  to  the  plane  of  the 
ecliptic,  one  passing  through  the  first  point  of  Aries,  the  other  through  the  planet's 
centre.  It  is  measured  from  the  first  plane  to  the  second  in  the  order  of  the  signs, 
and  so  may  have  any  value  between  0°  and  360°.  The  heliocentric  latitude  of  a 
planet  is  the  angle  which  a  line  joining  the  centres  of  the  sun  and  planet  makes 
with  the  plane  of  the  ecliptic,  and  is  called  north  or  south  according  as  the  planet 
is  north  or  south  of  the  ecliptic 

HftHostat.  (?fo<K,  the  sun,  and  a-iuro*.  stand.)  A  reflecting  mirror  mounted  equa- 
torially,  and  driven  by  clockwork  at  such  a  rate  that  the  apparent  diurnal  motion  of 
the  sun  is  neutralized.  When  properly  adjusted  a  beam  of  sunlight  reflected  from 
it  may  be  kept  steadily  in  one  direction  all  day. 

Hamming's  Jet.  A  safety  jet  sometimes  used  for  the  explosive  gases  employed 
for  the  Lime  Light.  It  consists  of  a  tube  tightly  packed  with  fine  wires,  through 
which  the  mixed  gases  have  to  pass  on  their  way  to  the  jet.  The  flame  will  not  pass 
along  the  fine  interstices  left  between  the  wires,  and,  therefore,  if  the  pressure  is 
deficient,  and  the  flame  blows  back  it  will  be  extinguished  before  it  gets  to  the 
reservoir  of  mixed  gases.    (See  Lime  Light.) 

Hexapathite.     See  lodoquinine. 

Hercules.  One  of  Ptolemy's  northern  constellations.  This  constellation  in- 
cludes within  its  limits  the  point  towards  which  the  sun  is  travelling.  The  magnifi- 
cent star  cluster,  13  Messier,  belongs  to  this  constellation.  It  is  situated  between 
the  stars  Eta  and  Zeta.  Other  remarkable  clusters  and  nebulae  are  to  be  found  in 
this  fine  constellation. 

Herschel.    A  name  given  by  continental  astronomers  to  the  planet  Uranus. 

Herschelian  Telescope.  A  form  of  reflecting  telescope  made  by  Sir  William 
Herschel.  It  is  the  simplest  of  all,  having  only  one  speculum.  The  rays  from  the 
object  fall  on  the  speculum,  which  is  placed  rather  sloping  in  the  tube,  and,  there- 
fore, converges  them  to  a  focus  at  the  side  of  the  tube,  where  they  are  received 
direct  into  the  eye-piece.     The  40  foot  reflector  was  of  this  construction. 

Hippurie  Acid.  One  of  the  uormal  constituents  of  urine ;  it  is  increased  by 
vegetable  food,  and  occurs  in  comparatively  large  quantity  in  the  urine  of  the  horse, 
hence  its  name,  from  t**o$,  a  horse.  Formula  (JylIyN03.  It  is  easily  converted  into 
benzoic  acid  by  oxidation,  and  is  largely  used  as  a  source  of  this  acid ;  it  forms 
colorless  transparent  prisms,  sparingly  soluble  in  cold  water,  but  readily  soluble  iu 
boiling  water  and  alcohol.     (See  Animal  Nutrition.) 

Hoar-Frost     Frozen  dew.    (See  Dew.) 

Homan.     (Arabic)     The  star  £  of  the  constellation  Pegasus. 

Homogeneous  Light.  Light  of  one  degree  of  refrangibility,  consequently  of  one 
color.  The  light  from  incandescent  vapors  of  lithium,  sodium,  and  thallium  is 
homogeneous,  being  respectively  red,  yellow,  and  green.  Such  light  passing  through 
a  prism  is  refracted  only,  but  not  dispersed. 

Homologous  Substances.  In  organic  chemistry,  substances  are  called  homolo- 
gous which  differ  from  one  another  in  composition  by  CUX  or  any  multiple  thereof; 
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thus  the  alcohol  series,  the  Tatty  acid  series,  and  the  aromatic  series  are  composed* 
respectively  of  homologous  bodies.  (See  Alcohols.)  Fatty  acids,  aromatic  acids, 
and  homologous  bodies  generally  exhibit  a  regular  gradation  of  physical  and  chemi- 
calproperties. 

Horizon.  [«p£«,  to  bound.)  In  astronomy  the  plane  of  a  great  circle  of  the 
sphere  dividing  the  visible  from  the  iuv is ible  portion.  The  term  is  applied  to  two 
different  circles.  One  is  called  the  sensible  horizon,  and  is  definable  as  the  circle 
in  which  the  tangent  plane  to  the  earth,  at  the  place  occupied  by  the  observer, 
meets  the  celestial  sphere.  The  other,  called  the  rational  horizon,  is  the  circle  in 
which  a  plane  through  the  earth's  centre  parallel  to  tbe  sensible  horizon  meets  the 
celestial  sphere.  With  respect  to  all  the  celestial  objects,  except  the  moon,  the  two 
circles  may  be  regarded  as  practically  coincident. 
Horizontal  Parallax,     See  Parallax. 

Horologimn.    (The  Clock.)    One  of  Lacaille's  southern  constellations. 
Horn  Silver.    The  mineralogical  oame  for  chloride  of  silver.    (See  Sifter.) 
Hoin  Stone.    See  Quartz. 

Horse-Power.  The  term  horse-power,  applied  as  a  measure  of  the  mechanical 
effect  of  steam-engines  and  other  machines,  has  no  reference  to  the  actoal  work  of 
the  horse,  which  is  of  necessity  very  variable.  Wlen  the  work  of  a  machine  iB  equal 
to  33.000  foot-pounds  per  minute,  it  is  said  to  be  of  one  bone-power.  A  machine  of 
SO  horse-power  means  a  machine  capable  of  producing  in  one  minute  a  mechanical 
effect  equal  to  50  X  33,000  footpounds.     (See  Foot-Pound.) 

Horology.  (upa.time;  and  xAyot,  discourse.)  Tbe  science  which  treats  or  methods 
of  measuring  and  marking  the  hours  of  the  day.    The  term  horology  was  formerly 
applied  to  any  contrivance  for  measuring  time,  as  the  clepsydra  and  sundial.     Horo- 
logy now  embraces  the  principles  of  the  construction  of  clocks  and  watches.     The 
date  of  the  introduction  of  a  combination  of 
Fig.  Ti.  wheels  and  pinions  to  measure  time  is  uncer- 

tain, but  it  is  known  that  in  1364  n  German 
named  Henry  de  Wvck  net  up  a  clock,  regu- 
lated by  a  balance,  for  Charles  V.  of  France. 
Since  this  date  clocks  and  watches  have  su- 
perseded all  other  contrivances  for  marking 
the  hours  of  the  day.  All  varieties  of  time- 
pieces include  five  essential  parts. 

1.  A  moving  power. 

2.  An  indicator  by  wbose  uniform  motion 
time  is  measured. 

3.  An  accurately  divided  scale  over  which 
the  indicator  moves. 

4.  A  certain  mechanism  by  which  motion, 
originating  with  the  moving  power,  is  im- 
parted to  the  indicator. 

5.  A  regulator  to  render  the  motion  of  all 
the  parts  uniform. 

In  the  common  clock  the  moving  power  is 
'  "■  '         '  llev, 

The 
the 
dial-plate.  The  mechanism  Is  a  combination 
of  toothed  wheels  and  pinions,  so  arranged 
as  to  secure  a  required  relation  between  the 
times  of  revolution  of  the  first  wheel  and  the 
last.  The  regulator  of  a  common  clock  con- 
sists of  a  pendulum  and  escapcroeni  wheel. 
(See  Pendulum  and  Escapement.)  The  for- 
mer oscillates  regularly  in  equal  times,  and 
allows  one  tooth  of  the  escapement  wheel  to 
pass  it  at  each  oscillation.  The  escapement 
is  connected  with  the  train  of  wheels  moved 
by  the  weight,  and  therefore  regulates  their  motion  and  renders  it  uniform.  Hence 
the  regulating  power  of  the  pendulum  depends  on  the  following  (acts  ; — 


a  weight  suspended  by  cords  over  a  nolle' 
which  it  causes  to  revolve.  (Fig.  73.)  Th' 
indicator  is  the  hand,  and  the  scale 
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1.  The  time  of  oscillation  is  always  the  same  Tor  the  same  pendulum. 

2.  Tbil  time  may  be  made  shorter  or  longer  by  varying  the  length  of  the  pen- 
dulum, a  pendulum  oscillating  in  one  second  being  39  inches  long,  one  oscillating 
(bur  times  a  second  being  half  this  length,  nine  times  a  second  a  third  of  this  length, 
and  so  on. 

3.  The  motion  of  the  pendulum  can  be  made  to  regulate  the  revolution  of  the 
MCspement  wheeL  The  teeth  of  the  escapement  wheel  are  so  constructed  as  to 
exert  a  lateral  pressure  on  the  pendulum  during  one  part  of  its  motion,  so  as  to 

r  the  loss  of  momentum  in  the  pendulum  arising  from  friction  and  r 


repair  tl 
of  the  a 


For  watches  and  time-pieces  in  which  the  space  required  for  the  ascent  and  descent 
of  the  weight  would  be  inconvenient,  the  moving  power  is  the  elastic  force  of  a  main- 
spring. It  is  a  ribbon  of  highly- tempered  steel,  bent  in  the  form  of  a  spiral.  (Figs. 
14  and  75.)     When  the  spring  is  coiled  round  its  axle  or  arbor  it  has  a  tendency  to 


uncoil  itself.  The  arbor  is  free  to  revolve,  and  is  therefore  set  in  motion  by  the  spring. 
The  force  of  the  spring  is  a  variable  power,  and  sure  means  is  therefore  required  to 


render  its  effect  regular  and  uniform.     This  is  accomplished  by  a  beautiful  contri- 
vance termed  the  fusee,  a  conical  barrel  surrounded  by  a  flexible  chain.     (Fig.  7G.) 
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(See  Fusee.)  The  regulating  part  of  a  watch  is  usually  the  balanoe-wheeT-  _  It 
consists  or  a  fly-wheel,  hiving  a  heavy  rim  and  a  fine  spring,  termed  a  hairspring, 
attached  by  one  extremity  to  the  axle  of  the  wheel,  and  by  the  other  to  a  fixed 
point  The  spring  is  placed  in  a  certain  spiral  form  natural  to  it,  and  to  which 
when  disturbed  it  has  a  tendency  to  return.  When  the  wheel  is  drawn  aside,  there- 
fore, the  spring  causes  it  to  oscillate.  The  oscillations  of  the  spring,  like  those  of 
a  pendulum,  are  isochronous.  An  escapement  wheel  renders  the  balance-wheel  effec- 
tive in  regulating  the  motion  of  the  other  parts. 

In  the  machinery  of  the  watch  or  clock  it  is  necessary  to  interpose  a  aeries  of 
wheels  between  the  main-spring  and  balance-wheel,  so  that  the  main-spring  by  act- 
ing through  a  small  space  may  produce  the  required  number  of  revolutions  of  the 
escapement  wheel.  (Fig.  77.)  Without  this  number  the  spring  would  require  fre- 
quent winding  up.    The  same  applies  to  the  work  of  a  clock. 


Fig.  77. 


The  following  works  may  be  referred  to  on  the  subject :  Reid's  Treatise  on  Clock 
and  Watch  Making ;  Derham's  Artificial  Clock-maker:  Denison's  Rudimentary 
Treatise  on  Clocks  ;  Earnshaw's  Explanations  of  Timekeeper*  ;  Berthoud,  Euai 
aur  VHorloqerie,  and  Histoire  de  la  Altsure  du  Terns. 

Hot-air  Engine,    The  fact  that  air  expands  considerably  when  heated  has  fre- 

Jnently  suggested  its  use  as  a  motive  power  instead  of  steam,  and  several  very  use- 
ul  engines  have  been  constructed  to  work  by  the  expansion  of  heated  air.  Dr. 
Joule  proposed  various  engines  which  in  theory  (that  is  to  say,  supposing  no  loss 
of  force  to  arise  from  friction  or  radiation)  would  leave  as  much  as  naif  the  heat 
of  combustion  available  for  work,  that  is,  about  five  times  the  fraction  which  has 
been  attained  in  the  most  perfect  steam-engine.  Mr.  Stirling  was  the  first  to  con- 
struct, a  working  hot-air  engine.  One  of  the  simplest  forms  of  air  engine  consists 
of  a  receiver  into  which  air  is  compressed  by  a  pump,  and  in  which  it  is  afterwards 
heated,  and  a  cylinder  communicating  with  the  receiver,  the  piston  of  which  is 
worked  by  the  air  after  it  has  been  heated.  The  available  work  is  that  expended 
in  moving  the  piston  less  that  spent  in  working  the  pnmp.  (See  Phil.  Trans.  1852. 
part  i.)  Mr.  Ericsson,  a  Swede,  has  considerably  improved  upon  Mr.  Stirling's 
model.  Ericsson's  calorific  engines  of  sixty  horse-power  have  been  constructed  in 
America.  The  following  is  a  detailed  description  of  one:  The  cylinders  are  ar- 
ranged in  pairs,  being  either  two  or  four  in  number.  The  upper  cylinder  of  each 
paii.  which  is  much  the  smaller,  is  verticallv  over  the  lower,  and  the  pistons  of  the 
two  cylinders  are  connected,  so  that  when  the  larger  is  made  to  ascend  it  lifts  the 
smaller.  Hot  air  has  access  to  the  lower  or  working  cylinder  below  the  piston,  and 
cold  air  to  the  upper  or  supply  cylinder  above  the  piston,  the  supplies  being  regu- 
lated by  means  of  valves.  Let  us  suppose  the  pistons  to  be  in  their  highest  posi- 
tions, then  the  lower  cylinder  will  be  filled  with  hot  air.  The  valves  closing  these 
cylinders  are  now  opened,  the  pistons  fall  in  consequence  of  their  own  weight,  the 
hot  air  is  driven  ont  of  the  lower  cylinder,  and  cold  air  allowed  to  pass  into  the 
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vpper  cylinder.  When  hot  air  is  again  admitted  into  the  lower  cylinder  the  pistons 
ascend,  and  as  the  valves  at  the  top  of  the  upper  cylinder  are  now  closed,  the  cold 
sir  cannot  return,  but  is  forced  into  a  receiver.  From  this  vessel  it  passes  to  the 
lower  cylinder,  going  through  what  is  called  the  regenerator  in  its  passage.  The 
regenerator  is  a  vessel  to  which  heat  is  applied  on  the  side  remote  from  the  receiver 
and  nearest  the  cylinder.  Within  it  are  placed  sheets  of  fine  wire  network  like 
that  used  for  sieves,  the  number  of  sheets  being  sufficient  to  form  a  thickness  of 
about  12  inches.  In  passing  through  the  innumerable  cells  formed  by  these  reticu- 
lated sheets  the  air  is  heated  to  a  very  considerable  temperature.  In  this  state  it 
passes  to  the  lower  cylinder,  under  which  a  fire  is  applied,  so  that  on  entering  the 
cylinder  the  air  is  still  further  heated  until  the  small  cylinder  full  of  cold  air  is  so 
heated  and  expanded  as  exactly  to  fill  the  large  cylinder.  As  the  pistons  are  un- 
equal in  area  the  upward  pressure  on  the  lower  or  larger  piston  exceeds  the  down- 
ward pressure  on  the  upper  or  smaller  piston,  and  the  difference  of  the  pressures  is 
the  working  power  of  the  engine.  When  the  hot  air  has  done  its  work,  it  is  driven 
again  through  the  meshes  of  the  regenerator,  where  it  leaves  much  of  the  heat  it 
received  there,  and  then  passes  away  from  the  machine. 

Air  engines  will  obviously  have  an  advantage  over  steam-engines  where  a  suffi- 
cient supply  of  water  cannot  be  obtained.  All  attempts  to  establish  them  as  marine 
engines  nave  hitherto  failed.    (See  Heat-Engine.) 

Hour-angle.  The  angle  between  the  hour-circle  of  a  body  and  the  meridian  of 
the  place  oF observation. 

Hour-circle.  In  an  equatorial  telescope  the  graduated  position  circle,  attached 
to  the  polar  axis,  is  called  the  hour-circle ;  it  is  graduated  to  degrees,  and  also  to 
hours  from  one  to  twenty-four,  and  is  supplied  with  two  verniers  hy  which  seconds 
can  be  read.  This  circle  is  sometimes  connected  with  a  clock  movement,  by  which 
the  telescope  is  moved  on  the  polar  axis.  (See  Telescope;  Equatorial ;  Position 
Circle.) 

Hour-circle.  In  astronomy  a  circle  on  the  heavens,  passing  through  the  position 
of  a  celestial  object,  and  the  poles  of  the  heavens. 

Humic  Add  J  or,  Ulmic  Acid.  A  brownish-black  substance  occurring  in  vege- 
table monld  and  liquids  containing  decomposing  vegetable  substances.  It  may  be 
produced  by  boiling  sugar  for  some  time  with  a  dilute  mineral  acid,  when  black  or 
Drown  scales  are  deposited;  these  are  washed  in  water  and  digested  with  ammonia. 
A  black  insoluble  substance  called  Ulmin  is  left  behind,  and  the  solution,  on  being 
neutralized  with  an  acid,  deposits  humic  acid  in  brown  or  black  flocks.  The  coin- 
position  of  humic  acid  is  C21li1809 ;  it  is  soluble  in  pure  water,  but  insoluble  in  dilute 
acids,  or  some  neutral  salts. 

Humidity.  (Humidus,  moist.)  A  term  used  by  meteorologists  in  speaking  of 
the  amonnt  of  moisture  present  in  the  air.  It  is  used  in  two  senses.  Absolute  hu- 
midity refers  to  the  actual  amount  of  aqueous  vapor  present  in  the  air ;  relative 
h  umidity  refers  to  the  proportion  between  the  amount  of  aqueous  vapor  actually 
present  in  the  air,  and  the  quantity  which  the  air  could,  at  its  actual  temperature, 
retain  in  the  invisible  state.  (See  Saturation.)  The  latter  usage  corresponds  with 
the  ordinary  use  of  the  term  humidity  or  dampness  as  applied  to  the  air,  since  the 
effect  which  we  ordinarilv  term  dampness  depends,  not  on  the  actual  amount  of 
vapor  present  in  the  air.  but  on  the  circumstance  that  the  air  is  nearly  saturated. 

Hunter's  Screw.    See  Differential  Screw,  Hunter*s. 

Hurricane.    See  Wind$f  Cj/clone. 

Huygnens'  Eye-Piece.     See  Negative  Eye-Piece. 

Hyacinth.    See  Zirconium. 

Hyades.  fTofo*,  the  rain.)  In  astronomy  a  group  of  stars  near  and  including 
Aldebaran,  and  connected  with  the  Fleiades  by  a  well-marked  stream  of  stars. 

Hyaloid  Membrane.  (w&o$,  glass.)  A  transparent  membrane  in  the  convo- 
luted folds  of  which  the  vitreous  humor  is  contained.     (See  Eye) 

Hydra.  (The  Water-Serpent.)  One  of  Ptolemy's  southern  constellations,  re- 
markable for  its  great  extension.  It  has  been  proposed  that  this  constellation  should 
be  divided  into  portions  of  more  convenient  dimensions,  but  hitherto  no  successful 
attempt  has  been  made  to  effect  this.  The  constellations  Corvus  and  ('rater  were 
originally  regarded  as  subdivisions  of  Hydra,  and  named  accordingly  Corvus  et 
Hydra,  and  Crater  et  Hydra.  This  inconvenient  nomenclature  has.  however,  been 
abandoned.    Extending  as  Hydra  does  from  the  neighborhood  of  Cancer  to  that  of 
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Libra,  that  is  along  four  signs  of  the  Zodiac,  it  is  clear  that  any  arrangement  by 
which  its  preposterous  length  should  be  diminished  would  be  a  decided  improvo- 

Hydrate  of  Chloral.    See  Chloral. 

Hydrates.    Terms  applied  to  compounds  containing  water,  or  its  elements  in  the 

Eroportiou  to  form  water,  thus  Na,O.H,0  is  called  hydrate  of  sodium.  80rH,0  is 
ydraled  sulphuric  acid.  FeJT,Ot  is  hydra  ted  ferric  oxide.  C,1!,0  is  common 
alcohol,  or  hydrate  of  ethyl.  Hydrated  salts  are  those  which  contain  water  of  hy- 
dration or  crystallization,  thus  Zn,SO..H,0  +  6  aq.  is  hydrated  sulphate  of  cine; 
the  six  molecules  of  water  are  held  with  less  tenacity  than  the  other  atom. 

Hydraulic  Ram.    See  Water  Ram, 

Hydraulics.    See  Hydro-dynamici. 

Hydraulic  Press ;  or  Bramah's  Press.  It  follows  from  the  principle  of  the  dis- 
tribution of  pressure  through  liquids  (see  Pressure  through  Liquid*),  that  if  a  vessel 
be  completely  filled  with  water  and  have  two  tubes  of  equal  diameter  fitted  into  it 
at  any  two  places,  which  tubes  are  also  completely  full  of  water,  and  fitted  with 
pistons,  any  inward  pressure  applied  to  the  one  piston,  will  give  rise  to  an  equal  and 
outward  pressure  on  the  second  piston.  If,  instead  of  the  second  tube,  there  be  two 
equal  ones,  side  by  side,  each  of  them  will  be  pressed  outward  by  the  same  force. 
Hence,  if  the  piston-rods  of  the  two  neighboring  tubes  be  connected  together,  the  two 
together  will  be  pushed  outwards  with  a  force  equal  to  twice  the  force  with  which 
thejfirst  is  pushed  in.  Further,  if,  instead  of  having  the  two  cylinders  side  by  side,  they 
are  joined  together  so  as  to  make  one  cylinder  of  twice  the  sectional  area,  thelarger 
piston  will  be  pressed  outwards  with  a  force  equal  to  twice  the  force  applied  to  press 
the  first  piston  inwards.  If  the  first  piston  have  a  sectional  area  of  1  square  inch, 
anil  be  pressed  inwards  with  a  force  of  I  pound,  the  second  piston  will,  if  it  have  a 
sectional  area  of  3  square  inches,  be  pressed  outwards  with  a  force  of  3  pounds,  and 
Bo  on.  In  short,  the  pressure  on  the  two  pistons,  supposing  them  to  keep  one  another 
in  equilibrium  will  be  directly  proportional  to  the  superficial  area  of  the  pistons  or 
sectional  area  of  the  cylinders.  If,  therefore,  one  cylinder  (and  piston)  be  exceed- 
ingly narrow  in  comparison  with  the  other  cylinder  (and  piston)  there  will  be  a  cor- 
responding  disproportion  between  the  forces  which,  when  applied  to  the  respective 
pistons,  will  keep  one  another  in  equilibrium.  It  follows,  of  course,  from  the  principle 
of  the  conservation  of  work,  or  indeed  directly  from  the  constancy  of  the  quantity  of 
water,  that  the  paths  moved  through  by  the  narrow  and  wide  pistons  are  inversely 

Fig.  T8. 


proportional  to  their  superficial  area,  that  is,  inversely  proportional  to  the  forces 
themselves.  The  hydraulic  press  (called  also,  from  its  inventor,  Uramah's  press) 
depends  upon  the  above  principle.  It  consists  essentially  of  an  exceedingly  strong 
capacious  iron  cylinder,  through  the  top  of  which  works,  water-tight,  a  large  solid 
cvliiidrical  piston  or  "  plunger,"  which,  when  at  its  lowest,  nearly  fills  the  cylinder. 
(Figs.  T8  and  79.)     A  narrow  tube  communicates,  on  the  one  hand,  through  the  side 


of  the  flrat  cylinder,  with  its  cavity :  on  the  other,  with  a  very  ranch  smaller  strong 
cylinder,  alto  provided  with  a  plunger  piston.  The  bottom  of  the  small  cylinder 
communicates  with  a  reservoir  of  water  or  oil.   In  the  tube  connecting  the  two  cylin- 


ders, there  is  a  valve  which  opens  towards  the  larger  one.  In  the  tube  connecting 
the  lesser  cylinder  with  the  reservoir  of  liquid,  there  is  a  valve  which  opens  towards 
the  lesser  cylinder  (upwards).  The  plunger  of  the  little  cylinder  is  worked  up  and 
down  by  a  lever  or  fly-wheel,  acting  on  the  plunger  by  a  mechanism  of  "parallel 
motion.  When  the  plnnger  of  the  little  cylinder  is  forcod  down,  the  valve  in  Ihe 
tnbe  leading  to  the  reservoir  is  forced  shut:  the  liquid  is  forced  along  the  connecting 
tube  into  the  greater  cylinder  and  lifts  its  plnnger.  When  the  little  plunger  is  lifted, 
the  liquid  cannot  return  from  the  larger  cylinder,  on  account  of  the  valve  in  the 
connecting  tube  ;  bat  the  liquid  rises  from  the  reservoir  through  the  valve  into  the 
little  cylinder,  being  poshed  by  the  atmosphere  lo  which  its  surface  is  exposed.  At 
every  down-stroke,  therefore,  there  is  forced  into  the  larger  cylinder  a  quantity  of 
liquid  equal  to  the  volume  of  the  lesser  plunger  which  is  thrust  into  the  little  cylin- 
der. Since  the  liquid  is  practically  incompressible,  the  larger  plunger  is  thrust 
out  to  make  room  lor  this  volume  of  liquid.  As  its  sectional  area  is  very  large,  it 
need  only  move  a  little  way  for  this  purpose.  In  short,  if  the  Bcctional  areo  of  the 
larger  plunger  be  1000  times  as  great  as  that  of  the  smaller,  a  force  of  1  lb.  on  the 
smaller  plnnger  will,  neglecting  friction,  lift  a  force  of  anything  under  1000  lbs.  in 
the  larger  one.  The  hydraulic  press  is  much  used  where  immense  pressure  has  to  be 
applied  through  short  ranges  of  distance.  The  range  is,  of  course,  for  one  position 
of  the  machine,  limited  to  the  length  of  the  larger  plunger  and  cylinder.  This  press 
is  useful  for  expressing  oil  from  seed ;  testing  steam  boilers ;  starting  a  ship  which  is 
to  be  launched ;  compressing  cotton  for  importation.  When  a  longer  range  of  force 
in  required,  as  in  lifting  girders  of  bridges,  etc.,  the  weight  must,  of  course,  be  suit- 
ported  after  being  lifted,  until  the  press  itself  is  raised  bodily  to  a  higher  level.  Ho 
great,  in  some  instances,  is  the  pressure  which  has  been  obtained  in  the  hydraulic 
press  that  the  water  in  the  larger  cylinder  has  been  forced  through  its  sides — a 
thickness  of  more  than  six  inches  of  wrought  iron. 
Hydrides,  Primary,  Oxides  o£    According  to  Dr.  OdliDg : 
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Formula. 

Oxhydrate,  etc. 

Derlratlvea. 

HCl 

HCIO 

HCIO- 

HCIO, 

HCIO4 

Monobcuie. 

Chlorhydrio 

Hypochlorout 

Chlorous 

Chlorie 

Perchloric 

KCl                    BtCl 

KCIO                  

KCIO-                

KCIO-                 

KCIO4                 BtC104 

H.8 

HJSO 

HlS0m 

H,80, 

H,804 

Dibasic. 
Sulphydrio 

Sulphurous 
Sulphuric 

KH8                    Bt.8 
C1.80                  Bt^eO 

C1.SO.                

KHSO,                Et.80. 
K.804                  BtHS04 

HSP 

B*PO 

H3POt 

h,po; 

H,P04 

Trfbcuic. 
Phosphlne 

Hyphosphoroua 

Phosphorous 

Phoephorio 

AfcP                    Et,P 
Cl,PO                  Bt,PO 

KH.PO.              

kJpo,            EUPO, 
K,P04                 BtH^04 

H4ffl 

H<8t0 

H+8lOt 

H48i04 

Tetrabasic, 
Sillc.  Hydrogen 

fiiliclo  acid 

Mg/si           Bt^a 

K4SIO4                Bt48L04 

Eydriodic  Acid. "  A  colorless  gas  composed  of  equal  volumes  of  hydrogen  and 
iodine  vapor.  Formula,  HI.  Specific  gravity,  4.435.  It  is  rapidly  absorbed  by 
water,  forming  an  aqueous  solution,  which  fumes  strongly  in  the  air,  and  possesses 
powerful  acid  properties.  On  exposure  to  the  air  it  decomposes  with  absorption  of 
oxygen  and  separation  of  free  iodine.  In  its  chemical  properties  it  is  somewhat 
similar  to  hydrochloric  acid. 

Hydrobromic  Acid.  A  gaseous  compound  of  bromine  and  hydrogen,  composed 
of  equal  volumes  of  bromine  vapor  and  hydrogen.  It  is  a  colorless  strongly  acid  gas, 
having  a  pungent  odor.  Formula,  ITBr.  Specific  gravity,  2.8.  It  is  greedily 
absorbed  by  water,  forming  a  strongly  acid  solution  which  fumes  in  the  air.  The 
properties  of  this  acid  are  very  similar  to  those  of  hydrochloric  acid. 

Hydrocarbons.  Combinations  of  hydrogen  and  carbon.  These  form  a  very  im- 
portant and  numerous  class  of  organic  bodies.  Their  number  is  considerable,  and 
fresh  members  arc  being  constantly  discovered.  They  may  be  divided  into  groups, 
of  which  the  following  are  the  most  important : — 

Alcohol  radicals,  of  which 


Hydrides  of  alcohol  radicals, 
defines,  of  which 
Hydrocarbons,  of  which 
Camphenes, 
Hydrocarbons, 
Hydrocarbons, 


Methyl  (CH3)?!_ may  be  taken  as  the  type. 
Marsh  Gas,  OH4, 
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oiefiaut  Gas,  Ca&4 
Acetylen  C2H-, 
Turpentin,  C10Hlfl 
Benzol,  CflH6 
Naphthalin,  C10H8 

The  lower  members  of  the  first  four  of  the  above  groups  are  gaseous,  whilst  the 
highest  members  of  all  are  solid.  The  great  majority  of  hydrocarbons  are.  however, 
gaseous.  The  most  plentiful  source  of  hydrocarbons  is  the  destructive  distillation 
of  wood,  coal,  and  similar  bodies. 

Hydrochloric  Acid.  A  gaseous  compound  of  chlorine  and  hydrogen,  formed  by 
mixing  the  two  gases  in  equal  volumes.  They  do  not  unite  in  total  darkness,  but 
a  lighted  match  or  exposure  to  the  sun's  rays  causes  them  to  explode,  whilst  diffused 
daylight  or  faint  artificial  light  induces  their  slow  union.  They  unite  without  con- 
traction or  expansion.  Hydrochloric  acid  is  usually  prepared  by  decomposing  chlo- 
ride of  sodium  by  strong  sulphuric  acid.  In  the  dry  state  hvdrochloric  acid  is  a 
colorless,  strongly  acid  gas,  having  a  pungent  odor.  Formula,  rfd.  Specific  gravity, 
1.27.  Water  dissolves  458  times  its  volume  of  the  gas,  forming  the  ordinary  hydro- 
chloric acid  of  commerce.    The  gas  liquefies  at  a  pressure  of  40  atmospheres ;  it  is 
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not  inflammable,  and  extinguishes  ordinary  burning  bodies,  "although  potassium 
burns  in  it,  forming  chloride  of  potassium.  A  strong  solution  of  hydrochloric  acid 
when  pare  is  colorless;  its  specific  gravity  is  1.21,  and  it  fumes  copiously  in  the  air; 
it  boils  at  a  little  above  the  ordinary  temperature,  evolving  hydrochloric  acid  gas, 
ud  when  the  temperature  rises  to  about  1011°  U.  (212°  F.)  a  solution  of  the  acid 
comes  over  containing  one  molecule  of  HC1  dissolved  in  6  molecules  of  water.  Hydro- 
chloric acid  possesses  strong  solvent  powers  on  many  metals,  hydrogen  being  evolved, 
and  metallic  chlorides  being  produced ;  it  reddens  litmus,  and  has  an  intensely  sour 
taste.     Mixed  with  nitric  acid  it  forms  nitre-hydrochloric  acid  or  aqua  reijia. 

At  the  Liverpool  meeting  of  the  British  Association,  held  in  September,  1870,  Mr. 
Henry  Deacon  illustrated  a  very  simple  method  of  decomposing  hydrochloric  acid, 
and  getting  the  chlorine  from  it  in  an  available  form.  He  passes  a  mixture  of 
hydrochloric  acid  and  air  at  a  temperature  of  about  700o-7ii0°  F.  through  tubes  con- 
taining pieces  of  brick  soaked  in  solution  of  sulphate  of  copper  and  dried.  The  sul- 
phate of  copper  remains  unchanged,  and  appears  capable  of  con vcrtingnn  indefinitely 
Urge  quantity  of  hydrochloric  acid  and  atmospheric  oxygen  into  chlorine  and  aqueous 
vapor.  This  process  succeeds  well,  as  a  laboratory  experiment,  and  is  about  to  be 
employed  on  a  manufacturing  scale  for  making  bleaching  powder  (chloride  of  lime). 

Hydro-Dynamics,  This  branch  of  physics  considers  the  motion  of  liquids.  The 
application  of  liquid  motion  to  machinery,  and  the  application  of  mechanical  force 
to  procure  required  motion  in  liquids  forms  the  subject  of  Hydraulics. 

Hydro-Electric  Machine.     See  Electric  Machine. 

Hydro-Fluoric  Acid.  A  compound  of  fluorine  and  hydrogen,  analogous  to 
hydrochloric,  hydrobromic,  and  hydriodic  acids ;  it  has  recently  been  submitted  to 
detailed  examination  by  Mr.  Gore  (Phil.  Trans.  1RG9,  p.  173).  In  the  anhydrous 
State  it  is  a  perfectly  colorless  transparent  liquid,  very  thin  and  mobile,  specific 
gravity  0,9879,  boiling  at  67°  F.,  densely  fuming  in  the  air  at  ordinary  temperatures, 
aud  absorbing  water  very  greedily  from  the  atmosphere.  It  does  not  corrode  glass 
in  the  slightest  degree.  In  physical  and  chemical  properties  it  appears  to  lie  between 
hydrochloric  acid  and  water.  Aqueous  hydrofluoric  acid  attacks  glass  and  rock  *7 
crystal  with  violence.  They  are 'belli  MpflyNlanfrcrous  substances,  and  require 
extreme  care  in  their  manipulation.  The  composition  of  the  anhydrous  acid  is  ex- 
pressed by  the  symbols  HF.    It  dissolves  most  of  the  metals,  forming  Fluorides. 

Hydrogen.  A  colorless  inodorous  gas,  the  lightest  known  substance,  being  14} 
times  lighter  than  atmospheric  air.  Specific  gravity,  0.0693.  It  is  very  inflam- 
mable, burning  in  the  air  with  an  almost  colorless  flame  and  uniting  with  the  oxygen 
to  form  water.  Its  exceeding  lightness  renders  it  possible  to  transfer  hydrogen  from 
one  vessel  to  another  by  a  process  of  pouring  with  the  vessels  held  upside  down ;  it 
may  also  be  collected  by  displacement  in  a  vessel  held  mouth  downwards ;  and  it  is 
occasionally  used  for  filling  balloons.  The  atomic  weight  of  hydrogen  is  1 ;  and  its 
symbol  H.  It  is  usually  prepared  by  dissolving  zinc  in  dilute  sulphuric  acid,  when 
the  metal  takes  the  place  of  the  hydrogen  which  is  evolved.  (Fig.  80.)  It  is  also 
frequently  prepared  at  lectures  by  introducing;  ft 
piece  of  sodium  into  an  inverted  cylinder  filled 
with  water  standing  in  a  pneumatic  trough  ;  the 
sodium  removes  the  oxygen  from  the  water,  and 
liberates  the  hydrogen.  Hydrogen  is  never  met 
with  free  in  nature,  but  it  forms  one-ninth  part 
of  water,  and  is  a  constant  constituent  of  organic 
bodies.  pA  mixture  of  two  parts  by  bulk  of  hy- 
drogen with  one  of  oxygen  forms  a  violently  ex- 
plosive compound,  the  two  uniting  on  contact 
with  flame,  without  any  residue,  to  form  water. 
ir  the  vessel  is  not  very  strong,  it  is  shattered  to 
pieces,  but  if  of  sufficient  strength  to  resist  the 
explosion,  no  noise  is  heard.  A  similar  detona- 
tion, but  less  violent,  is  produced  when  hydrogen 
is  mixed  with  two  and  a  half  times  its  volume  uf 
atmospheric  air  and  ignited.  Combination  of 
the  explosive  mixture  is  also  effected  at  the  com- 
mon temperature  by  contact  with  a  plate  of  pla- 
tinum or  a  piece  of  platinum  sponge;  in  the 


Fig.  80. 
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and  the  relative  humidity.  The  formula  of  reduction,  and  tables  for  assisting  the 
process,  are  given  in  treatises  on  meteorology. 

Hyponitrous  Acid.    See  Nitrogen. 

Hyposulphite  of  Sodium.  A  salt  of  hyposulphurous  acid  (see  Sulphur)  of 
considerable  importance  in  the  arts  and  manufactures.  Formula,  NaJ3sOs.5  H20. 
It  forms  large  crystals  of  specific  gravity  1.67,  which  dissolve  easily  in  water,  but 
the  solution  gradually  decomposes  with  absorption  of  oxygen.  Acids  decompose  it 
with  separation  of  sulphurous  acid  and  sulphur,  and  chlorine  has  a  similar  action, 
converting  it  into  sulphate  of  soda.  Owing  to  this  property,  it  is  extensively  used 
by  paper-makers  ana  bleachers  under  the  name  of  antichfore.  This  salt  is  also 
largely  used  in  photography,  owing  to  its  property  of  dissolving  chloride,  bromide, 
and  iodide  of  silver. 


Ice  Calorimeter.    See  Calorimetry. 

Iceland  Spar :  or,  Calcspar.  A  form  of  carbonate  of  lime  which  is  found  in 
beautifully  crystallized  masses.  It  possesses  in  a  very  high  degree  the  property  of 
double  refraction.  (See  Crystals,  Double  Refraction  of;  Polarization  of  Light ; 
Polarization  by  Double  Refraction.)  f 

Ignis  Fatuus.  (Foolish  fire.)  A  luminous  appearance  seen  over  marshy  places, 
stagnant  water,  and  sometimes  in  churchyards.  Its  nature  has  never  been  explained. 
Some  have  attributed  it  to  an  issue  of  marsh  gas  (light  carburetted  hydrogen)  which 
has  been  accidentally  ignited.  It  seems  more  reasonable  to  conclude  that  it  is  due 
to  some  form  of  phosphorescence. 

Ignition,  (ignis,  fire ;  ignesco,  to  become  fire.)  The  state  of  becoming  lumin- 
ous by  the  application  of  heat.  When  this  effect  is  attended  with  oxidation,  the 
term  combustion  is  employed.  The  term  spontaneous  is  usually  prefixed  when  the 
ignition  is  a  consequence  of  slow  and  gradual  accumulation  of  heat  from  oxidation. 
Ihus  a  mixture  of  oxygen  and  hydrogen  gases  is  said  to  cause  the  spontaneous  igni- 
tion of  spongy  platinum,  which  then  causes  the  combustiou  of  the  mixture.  Cotton 
waste  soaked  in  oil  is  frequently  subject  to  spontaneous  ignition. 

Illuminating  Lens.  A  large  convex  lens,  as  it  concentrates  the  light  of  the  sun 
or  a  lamp  at  the  focus,  is  sometimes  called  an  illuminating  lens.  (SeeXens;  Burn- 
ingLens;  or  Convex  Lens.) 

Illuminating  Power  of  Gas  Flames.  Professor  B.  Silliman  (Am.  Jour,  of 
Science,  Feb.  1870)  has  examined,  in  a  lengthy  series  of  experiments,  the  relation 
between  the  intensity  of  light  produced  from  the  combustion  of  coal  gas  and  the 
volume  of  gas  consumed.  His  experiments  prove,  inter  alia,  the  theorem,  that  the 
illuminating  power  of  gas  flames  increases  within  the  ordinary  limits  of  consump- 
tion as  the  square  of  the  volume  of  the  gas  consumed.  The  point  of  chief  interest  for 
the  consumer  of  gas  to  be  deduced  from  the  data  here  presented  is,  that  where  it  is 
important  to  obtain  a  maximum  of  economical  effect  from  the  consumption  of  a 
given  volume  of  illuminating  gas,  the  result  is  best  obtained  by  the  use  of  burners 
of  ample  flow. 

Images,  Electric.  A  term  applied  by  Sir  William  Thomson  in  connection  with 
the  mathematical  theory  of  electric  distribution  to  certain  imaginary  electrical 

Eoints  or  group  of  points.     He  shows  that  the  effect  by  induction  of  an  electrified 
ody  upon  au  insulated  conducting  sphere,  is  represented  by  the  "  image  of  the  body 
in  the  sphere ;"  and  that  when  an  electrified  body  is  brought  near  to  a  pair  of  in- 


Dublin  3fat.  Jour.,  1849 ;  Liouville's  Journal  de  Mathematiques,  1845;  ana  Thom- 
son and  Tait's  Natural  Philosophy,  vol.  i.,  {§  512-518. 

Images,  ElectrOgrapMc.  A  name  given  to  certain  figures  discovered  by  Riess. 
They  are  produced  on  a  plate  of  glass  by  putting  it  between  two  points  connected 
with  the  poles  of  a  battery.  The  glass  is  observed  to  become  disintegrated  in  lines 
which  proceed  from  the  point9.  The  same  is  found  to  be  the  case  with  regard  to 
mica  and  some  other  substances. 
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Images  Fonmd  by  Mirrors.    See  Mirrors  ;  Images,  Virtual,  Real. 

Images,  Virtual,  ReaL  (Imago,  an  image;  from  imitor,  to  imitate.)  A 
virtual  image  is  one  which  is  Dot  formed  by  the  actual  union  of  rays  in  a  focns,  and 
cannot  be  received  upon  a  screen ;  a  real  or  positive  image  is  one  formed  in  the 
focus  of  a  mirror  or  lens,  and  can  be  received  on  a  screen.  An  image  seen  in  a 
looking-glass  or  in  a  convex  mirror  is  a  virtual  image,  whilst  the  image  formed  in 
the  focus  of  a  concave  mirror  or  a  convex  lens  is  a  real  image.  (See  Mirrors  ;  Lens  ; 
Focus.) 

Immersion.  (From  immergo,  to  plunge  under.)  The  disappearance  of  any  celes- 
tial body,  whether  in  eclipse  or  occultation.  The  term  is  commonly  limited  to  the 
occoltations  of  Jupiter's  satellites,  and  of  stars  by  the  moon. 

Impact.  (Impactus,  part,  of  impingo  to  strike  against.)  In  mechanics,  the 
shock  of  two  bodies  that  come  together,  one  or  both  of  which  are  in  motion,  or  the 
simple  action  of  one  body  upon  another,  by  which  the  motion  of  the  latter  is  pro- 
duced or  altered.  It  is  a  matter  of  observation  that  when  one  body  impinges 
directly  on  another,  the  velocity  of  the  first  is  diminished,  and  that  of  the  latter  in- 
creased, by  the  impact ;  the  first  will  have  lost  momentum,  and  the  second  will  have 
gained  momentum.  Now  momenta  lost  and  gaiued  are  what  are  termed  in  New- 
ton's Third  Law  (see  Laws  of  Motion)  action  and  reaction,  and  these  he  ascer- 
tained by  numerous  experiments  to  be  equal.  Hence  the  momentum  lost  during 
impact  by  one  body  is  equal  to  that  gained  by  the  other.  The  nature  of  the  action 
during  impact  may  be  thus  described.  When  the  first  body  A  overtakes  the  second 
B.  both  will  be  compressed  so  long  as  A  moves  faster  than  B,  and  the  compression 
will  cease  when  the  velocities  are  rendered  equal ;  if  the  action  stops  here  the  bodies 
are  said  to  be  inelastic.  In  this  case  the  velocity  after  impact  will  be  found  by 
dividing  the  sum  of  the  momenta  before  impact  by  the  sum  of  the  masses  of  the 
bodies.  Generally,  however,  another  force  comes  into  play  when  the  velocities  are 
equal,  and  the  bodies  begin  at  that  instant  to  recover  tneir  figure,  and  to  exert  one 
upon  the  other  a  pressure  which  lasts  until  impact  ceases.  Thus  A  not  only  loses 
momentum  during  compression,  but  also  during  expansion.  Now  it  is  found  by  ex- 
periment that  the  momentum  lost  by  A  and  gained  by  B  during  compression  bears 
to  the  momentum  lost  by  A  and  gained  by  B  during  expansion  a  ratio,  which  is 
constant  for  the  same  materials.  This  ratio  is  termed  the  modulus  of  elasticity.  A 
body  is  inelastic  when  the  modulus  is  0 ;  it  is  perfectly  elastic  when  the  modulus 
is  1,  and  imperfectly  elastic  when  the  modulus  lies  between  0  and  1.  (See  Elas- 
ticity.) 

Impenetrability.  (ImpenetrabHitas,  from  in,  not,  and  penetrabilis,  penetrable.) 
A  property  of  matter  by  which  only  one  body  can  at  any  instant  occupy  a  certain 
space.  It  is  one  of  the  essential  properties  of  matter,  and  it  needs  no  demonstration, 
as  it  is  inconceivable  that  two  different  bodies  should  simultaneously  occupy  the 
same  space.  Cases  of  apparent  penetration  are  due  to  compression  or  to  displace- 
ment, produced  in  each  instance  under  well-defined  laws.  (See  Compressibility; 
Density;  Specific  Gravity.) 

Imperial  Green.    See  Acetates  ;  Aceto-Arsenite  of  Copper. 

Impetus.  (Impetus,  from  in,  and  peto,  to  urge,  to  rushT)  A  term  synonymous 
with  momentum,  the  force  of  a  moving  body.  The  term  has  a  special  application 
in  gunnery,  meaning  the  altitude  through  which  a  heavy  body  must  fall  to  acquire 
a  velocity  equal  to  that  with  which  the  ball  is  discharged.    (See  Momentum.) 

Imponderable.  (In,  and  pondus,  weighjt,  from  pendo.  I  weigh.)  Not  naving 
sensible  weight.  In  the  early  theories  of  physical  science,  light,  heat,  electricity, 
and  magnetism  were  regarded  as  substances,  and  as  they  are  without  perceptible 
weight,  they  were  termed  the  imponderables. 

Impulse.  (Imptdsus,  driven,  from  impello,  to  drive.)  The  single  or  momentary 
force  with  which  a  body  is  impelled  by  another  body  striking  it.  The  strictly 
mathematical  definition  of  an  impulse  is  the  limit  of  a  force  which  is  infinitely  great, 
but  acts  only  during  an  infinitely  short  time.  There  are,  of  course,  no  forces  in 
nature  exactly  fulfilling  the  conditions  of  this  definition,  but  there  are  forces  which 
are  very  great  and  act  only  during  a  very  short  time,  as,  for  example,  the  blow  of  a 
hammer.  Such  forces  are  treated  as  impulses;  they  are  measured  by  the  whole 
momentum  generated  by  the  impulse. 

Incidence,  Angle  01.     (/».  upon,  and  cado.  to  fall.)     The  angle  of  incidence  is 
the  angle  which  a  ray  of  light  falling  on  a  surface,  forms  with  the  perpendicular  to 
24 
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that  surface,  or  to  its  tangent  if  carved.    The  angle  of  incidence  and  the  angle  of 
reflection  are  always  equal.    (See  Reflection.) 

Inclination  Compass.    See  Dipping  Needle. 

Inclination,  Magnetic.    Another  name  for  Magnetic  Dip,    (See  Dtp.) 
Inclination  of  an  Orbit.    The  angle  at  which  the  plane  of  an  orbit  is  inclined 
to  the  ecliptic. 

Inclined  Plane.  One  of  the  simple  machines.  It  consists  of  a  plane  surface 
incliued  to  the  horizon  at  an  angle  less  than  90°.  When  a  body  is  placed  on  a 
plane  the  resistance  of  the  plane  is  exerted  at  right  angles  to  the  plane.  Conse- 
quently this  resistauce  alone  cannot  support  the  weight  unless  the  plane  be  horizon- 
tal. A  body  at  rest  on  an  inclined  plane  must  be  acted  on  by  at  least  three  forces, 
the  weight,  the  pressure  of  the  plane,  and  a  third  force.  If  the  plane  be  rough  this 
third  force  may  be  the  friction  between  the  surfaces  ;  if  the  plane  be  smooth  it  must 
be  an  external  force.  In  this  case  the  force  in  the  direction  of  the  plane  which  will 
support  the  body  is  found  by  multiplying  the  weight  by  the  rise  of  the  plane  in  a 
given  length  and  dividing  by  the  length.  For  example,  if  the  rise  be  3  feet  in  100 
feet,  the  weight  will  be  supported  by  a  power  equal  to  TJff  of  the  weight.  This 
quantity  may  be  termed  the  pressure  exerted  down  the  plane  by  the  weight.  In 
order  that  the  body  may  move  up  the  plane  the  power  must  exceed  the  pressure 
down  the  plane.  If  the  plane  be  rough  the  power  must  exceed  the  sum  of  this 
pressure  and  the  force  of  friction. 

Inclinometer.    Another  name  for  the  Dipping  Needle,  which  see. 
Index  of  Refraction.    See  Refraction,  Index  of. 
India  Rubber.     See  Caoutchouc. 

Indigo,  (whucw,  deep  blue.)  An  organic  coloring  matter,  obtained  from  the 
leaves  of  varions  species  of  indigofera ;  its  lustre  is  dark  coppery  red,  semi-metallic 
when  in  mass,  and  deep  blue  in  powder.  It  sublimes  at  about  290°  C.  (554°  F.)  in 
dark  purple  vapors,  condensing  in  six-eided  prisms.  When  in  contact  with  a  solution 
of  alkali  and  a  reducing  agent  it  is  converted  into  indigo  white,  which  dissolves  in 
the  alkali.  White  cloth  dipped  into  this  solution  and  then  exposed  to  the  air  be- 
comes dyed  with  indigo  blue  by  absorption  of  atmospheric  oxygen  and  carbonic 
acid.  The  formula  of  indigo  blue  is  G.H.NO,  and  that  of  indigo  white  Cl6H12N,Or 
Indices  of  Refraction  of  Opaque  Bodies.  See  Opaque  Bodies,  Indices  ef  Re- 
fraction of. 

Indium.  A  rare  metallic  element  discovered  by  Reich  and  Richter  by  means  of 
spectrum  analysis  in  some  zinc  ores.  Its  spectrum  exhibits  two  indigo-colored  lines 
in  the  more  refrangible  part  of  the  spectrum.  It  is  a  very  soft  lead-colored  metal, 
easily  beaten  out  into  leaves,  and  tolerably  permanent  in  the  air ;  it  much  resembles 
lead '  in  its  physical  properties.  The  compounds  of  indium  impart  a  violet  tint  to 
flame. 

Induced  Current.    See  Current,  Induced. 

Induction  Coil ;  or,  Ruhmkorff's  Coil,  as  it  is  very  generally  called,  is  an  ap- 
paratus for  producing  currents  by  induction  (see  Induction,  Electro-Dynamic; 
Current,  Induced),  and  utilising  them.  It  consists  essentially  of  two  coils  wound 
on  to  a  hollow  cylinder  (Fig.  82),  within  which  is  a  core,  as  it  is  called,  formed  of  a 

bar  of  soft  iron  or  a  bundle  of  soft  iron  wires. 
Fig.  82.  One  of  the  coils,  called  the  Primary  Coil,  is 

connected  with  the  battery  by  means  of  an  ar- 
rangement for  making  and  breaking  connection 
with  it,  so  as  to  produce  temporary  currents; 
the  other,  the  Secondary  Coil,  is  wound  round 
the  first,  and  in  it  is  generated  a  current  by  in- 
duction every  time  the  current  begins  or  stops 
in  the  primary  coil.  (See  Current,  Induced.) 
The  currents  produced  by  induction  possess  high 
power  of  overcoming  resistance  as  well  as  great 
quantity,  and  hence  very  intense  effects,  chemical,  and  physiological,  and  luminous, 
are  obtainable  from  them.  The  details  of  the  construction  of  Ruhmkorff 's  coil  are 
as  follows :  The  primary  or  inducing  wire  is  thick,  and  only  a  few  yards  long,  in 
order  that  the  current  may  not  be  much  weakened  by  resistance.  It  is  coiled  on  a 
cylinder  made  of  cardboard,  and,  besides  being  covered  as  usual  with  silk  for  in- 
sulation, is  insulated  by  being  inclosed  in  a  glass  cylinder,  or  covered  with  a  coating 
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of  shell-lac  or  gutta-percha.  The  secondary  coil  is  wound  round  the  primary  coil. 
It  is  made  of  the  very  finest  wire,  aud  is  frequently  many  miles  long.  It  is  very 
carefully  insulated  at  all  parte,  being  covered  with  silk,  and  each  layer  of  wire,  to 
insulate  it  from  those  within  and  without  it,  is  served  with  a  coating  of  melted  shell- 
lac  or  gutta-percha.  This  perfect  insulation  is  a  matter  of  the  greatest  importance. 
Within  the  cylinder  of  cardboard  is  placed  the  core,  a  bundle  of  soft  iron  wires 
having  the  ends  projecting  slightly  beyond  the  extremity  of  the  cylinder.  The 
current-break  is  connected  with  one  of  these  extremities ;  it  consists  of  a  small  soft 
iron  hammer  which  is  generally  kept  pressed  down  upon  the  anvil,  a  second  piece 
of  soft  iron,  by  means  of  a  spring ;  wnen  in  this  position  the  current,  which  is  to  flow 
from  the  battery  into  the  primary  coil,  passes  along  the  hammer,  down  through  the 
anvil,  and  so  proceeds  on  its  course  ;  but  the  moment  it  enters  the  primary  coil,  it 
magnetizes  the  bundle  of  soft  iron  wires,  and  the  extremity  of  these,  which  projects 
beyond  the  cardboard  cylinder,  thereupon  attracts  the  hammer,  raises  it  from  the 
anvil,  and  thns  stops  the  current.  The  current  being  stopped,  the  iron  core  at  once 
loses  its  magnetism,  and  the  hammer  falls  under  the  influence  of  the  spring,  reopens 
the  way  for  the  current  from  the  battery,  and  so  the  action  goes  on ;  the  hammer 
Oscillating  with  great  rapidity  while  the  coil  is  at  work.  Each  time  the  battery 
connection  is  made  or  brolcen,  a  powerful  current  is  obtained  in  the  secondary  wire, 
which  manifests  itself  in  sparks  or  some  other  form  of  discharge  between  the  ex- 
tremities of  it.  These,  on  coming  out  of  the  coil,  are  brought  to  binding  screws, 
insulated  on  glass  pillars,  and  thence,  by  proper  connections,  to  any  required  place. 

A  commutator  or  battery  key  is  attached  to  the  apparatus,  so  that  the  current 
from  the  battery  may  be  sent  into  the  primary  coil  in  either  direction,  or  cut  off 
altogether. 

M.  Fizeau  very  much  increased  the  power  of  the  induction  coil  by  adding  to  it  a 
condenser.  This  consists  of  two  very  large  surfaces  of  ^  in  foil,  insulated  from  each 
other  by  oiled  silk,  and  the  tinfoil  and  oiled  silk  rolled  up  for  convenience  of  form. 
One  of  the  tinfoils  is  attached  to  the  wire  from  the  battery  before  it  enters  the 
primary  coil,  the  other  after  it  emerges  from  it.  The  object  of  it  is  to  condense  the 
extra  current,  which  occnrs  on  breaking  the  battery  connection,  and  diminishing  the 
suddenness  with  which  the  current  in  the  primary  coil  ceases ;  the  induced  current 
is  thus  made  shorter  and  more  intense. 

The  effects  of  the  induction  coil  arc  very  remarkable.  Using  a  battery  of  three 
or  four  Bunsen's  elements,  it  is  necessary  to  be  very  careful  not  to  allow  the  discharge 
to  pass  through  the  body.  Small  animals  may  be  easily  killed  with  two  cells,  and 
a  larger  number  would  be  dangerous  to  a  man.  The  spark,  when  taken  between  two 
points,  may  readily  be  made  to  pass  through  a  glass  plate  a  quarter  of  an  inch  thick 
or  more.  Large  Leyden  jars  or  batteries  may  be  charged  almost  instantaneously. 
It  is  easy  also  to  melt  fine  wires  by  connecting  the  extremities  of  the  secondary  wire 
by  means  of  them,  and  great  heat  and  light  may  be  obtained  by  passing  sparks  be- 
tween two  charcoal  points  at  a  small  distance  from  each  other. 

The  largest  coil  that  has  ever  been  constructed  was  made  for  the  Royal  Polytech- 
nic Institution,  under  the  direction  of  Mr.  J.  H.  Pepper.  The  primary  wire  is  3770 
yards  long,  and  makes  6000  revolutions  round  the  soft  iron  core,  being  arranged  in 
3,  6,  and  12  strands.  The  total  resistance  of  it  is  2.2  B.A.  unite.  The  secondary 
wire  is  150  miles  long,  is  covered  with  silk  throughout,  and  has  a  resistance  of 
33,560,  B.A.  units.  An  account  of  experiments  with  it  by  Mr.  J.  H.  Pepper  will 
be  found  in  the  Proceedings  of  the  Royal  Society  for  June  1869. 

Induction,  Electro-Dynamic;  or,  Current  Induction.  The  action  according  to 
which  the  production  or  stoppage  of  an  electric  current  in  a  wire  produces  a  moment- 
ary current  or  electric  pulsation  in  a  second  wire  adjacent  to  the  first.  (See  Current, 
Induced.) 

Induction,  Electrostatic.  A  term  employed  to  designate  a  mode  of  action  of 
electricity  on  which  a  vast  number  of  (inaeea,  we  may  say  all)  electrostatic  pheno- 
mena most  closely  depend.  It  is,  in  fact,  only  on  account  of  induction  that  we  can 
observe  electricity  at  all ;  every  manifestation,  whether  of  attraction  and  repulsion, 
of  charge  and  discharge,  or  whatever  it  may  be,  is  preceded  by  and  dependent  on 
electric  induction.  The  subject  is,  therefore,  of  the  highest  importance,  and  we 
refer  our  readers,  for  fuller  details  than  our  limits  in  this  work  permit,  to  the  papers 
of  Faraday  in  his  Experimental  Researches.  1837,  et  seq. 

The  electric  force  is  essentially  polar.    Whatever  be  the  explanatt1 
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ence,  whether  it  depends  upon  two  fluids  or  one  fluid,  or  whether  it  be  only  an 
affection  of  matter,  we  know  of  two  distinct  modes  of  the  force,  and  hence  come  our 
ordinary  conventional  phrases,  "  positive  electricity"  and  "  negative  electricity. " 
Now,  in  no  case  is  the  one  kind  of  force  found  without  the  other.  If,  under  any  cir- 
cumstances, the  positive  force  be  exhibited,  an  equivalent  negative  force  is  called 
into  action. 

To  show  the  inductive  action,  let  an  insulated  and  positively  charged  conductor 
be  brought  into  the  vicinity  of  another  conductor,  likewise  insulated  but  uncharged. 
If  the  latter  be  furnished  with  pith-ball  indicators  at  each  end,  they  will  be  seen  to 
diverge  more  and  more  as  the  charged  body  approaches ;  and  on  examining  the 
ends  it  will  be  found  that  the  side  of  it  nearest  to  the  charged  body  is  negatively, 
and  the  remote  side  positively  electrified ;  if  the  charged  conductor  be  either  removed 
or  discharged  the  disturbance  ceases,  and  the  original  neutral  condition  of  the  other 
is  restored.  Thus  it  appears  that  an  uncharged  conductor,  under  the  influence  of  an 
electrified  body,  assumes  an  excited  state,  one  side  of  it  being  electrified  similarly, 
the  other  oppositely,  to  the  charged  body.  This  propagation  of  electric  force  across 
a  non-conducting  medium  is  called  induction. 

Let  a  number  of  uncharged  insulated  conductors  be  placed  in  a  row,  and  let  hi 
charged  body,  which,  for  definiteness,  we  shall  suppose  to  be  positively  electrified, 
be  brought  near  to  one  end  of  the  row.  Then  the  first  becomes  excited  in  the  man- 
ner already  described,  the  side  near  to  the  influencing  bodv  being  negative,  the 
opposite  siae  positive.  The  positive  electricity  at  the  end  of  the  first  of  the  row  acts 
by  induction  on  the  next,  ana  makes  the  near  end  negative,  the  remote  end  positive. 
The  action  is  propagated  still  further,  and,  finally,  the  last  of  the  row  is  affected,  the 
side  nearest  tne  last  but  one  is  electrified  negatively,  the  remote  side  positively. 
Nor  does  the  action  stop  here,  for  the  positive  electricity,  thus  developed  at  the 
remote  end  of  the  row,  acts  inductively  towards  all  the  surrounding  objects — it  may 
be  the  floor,  walls,  and  ceiling  of  an  inclosing  chamber,  or  it  may  be  the  surface  of 
the  earth,  the  trees,  the  clouds,  perhaps  even  towards  the  remotest  stars,  where  no 
conductors  intervene.  Faraday,  the  great  investigator  upon  this  subject  and  the 
propounder  of  the  modern  theory  of  induction,  by  a  long  series  of  experiments,  de- 
tailed in  his  Experimental  Researches  (Royal  Society  Trans.,  1837-8),  comes  to  the 
conclusion  that  matter  can  in  no  case  receive  an  independent  charge.  If  force  of 
one  kind  be  developed,  an  equivalent  amount  of  the  other  kind  of  force  is  at  the 
same  time  put  in  action. 

So  much  for  the  generality  of  the  action.  The  law  of  inductive  action  on  a  con- 
ductor is  this,  that  the  side  nearest  to  the  influencing  body  is  electrified  oppositely 
to  ft ;  the  side  remote  from  it  is  similarly  electrified.  Hence  it  follows  that  if  a 
conductor,  while  under  the  influence  of  the  charged  body,  be  touched,  or  put  in  con- 
nection with  the  ground,  tlie  opposite  kind  of  electricity  to  that  of  the  charged  body 
will  flow  to  the  earth,  for  the  earth  and  the  touched  body  are,  for  the  time,  ma<lc 
one  and  the  same  body ;  and,  if  now  the  connection  be  again  broken,  the  body  which 
was  formerly  uncharged  is  found  to  possess  a  permanent  charge  of  the  kind  of  elec- 
tricity opposite  to  the  influencing  body. 

The  electricity  thus  developed  is  further  capable  of  reacting  inductively  upon  the 
charge  in  the  first  body,  drawing  towards  itself  the  electricity  on  it,  and,  as  it  is 
called,  making  it  latent  or  dissimulated.  This  is  the  principle  of  the  action  of  the 
Levden  jar  and  condenser  ( q.  v.). 

the  electricity  induced  by  an  electrified  body  on  surrounding  conductors  is  equal 
in  amount  to  that  on  the  inducing  body.  To  show  this,  Faraday  performed  the  fol- 
lowing experiment :  He  took  an  ice  pail,  insulated  it,  and  connected  it  to  a  gold 
leaf  electroscope ;  and,  having  charged  an  insulated  ball,  he  lowered  it  into  the  ice 
pail.  As  the  ball  was  lowered,  electricity  was  driven  to  the  outside,  according  to 
the  principles  we  have  laid  down,  and  thence,  of  course,  to  the  gold  leaves,  which 
diverged.  The  divergence  increased  as  the  ball  went  lower  for  some  time,  in  fact, 
till  the  ball  had  become  practically  covered  by  the  ice  pail,  when  it  ceased  to  do  so. 
Finally,  the  ball  was  lowered  till  it  touched  the  bottom,  and  it  was  found  that  the 
divergence  of  the  leaves  did  not  in  the  slightest  degree  increase  on  contact  taking 
place.  The  ball,  when  drawn  up  without  touching  the  sides,  proved  to  be  com- 
pletely discharged. 

To  Faraday  our  present  theory  of  induction  is  due.  It  was  formerly  considered 
that  the  inductive  action  is  altogether  independent  of  the  medium  across  which  it 
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takes  place :  induction  was  said  to  be  the  action  of  electricity  at  a  distance ;  and 
the  office  of  the  insulator  between  the  two  conductors  was  held  to  be  simply  that  of 
acting  as  a  barrier  across  which  the  opposite  electricities  could  not  pass  to  neutralize 
each  other.  Hence  induction  was  always  spoken  of  as  acting  in  straight  lines,  an 
assumption  which  Faraday  proved  experimentally  to  be  false.  Faraday  put  forward 
the  theory,  and  since  the  publication  of  his  Experimental  Researches  it  has  come 
to  be  generally  held,  that  induction  takes  place  by  means  of  the  intermediate  par- 
ticles of  the  insulating  medium  or  dielectric,  as  he  calls  it.  The  particles  of  the 
dielectric  act  just  as  the  row  of  insulated  cylinders  which  we  supposed  above.  The 
near  side  of  each  becomes  charged  oppositely  to  the  inducing  body,  the  remote  side 
similarly ;  and  thus  the  excitement  is  propagated  from  particle  to  particle  to  any 
distance  whatsoever.  Now,  the  medium  being  so  intimately  concerned  in  this  action, 
we  might  expect  to  find  differences  with  respect  to  it  in  different  media :  so  Faraday 
argued,  and  from  this  consideration  arose  his  great  discovery  of  specific  inductive 
capacity.  For  in  some  media  the  polarization  takes  place  with  greater  complete- 
ness than  in  others ;  and  thus  the  electric  force  displays  itself  with  greater  intensity 
across  some  media  than  across  others.  We  have  given  an  account  of  Faraday's 
experiments  on  this  subject,  and  of  his  results,  under  Capacity,  Specific  Inductive. 
Again,  the  polarized  condition  is  to  be  considered  as  a  forced  state,  and  here  again 
we  meet  with  great  differences.  For  in  some  media  the  arrangement  is  such  as  to 
allow  the  molecules  to  sustain  this  forced  or  strained  condition ;  while  in  others 
polarization  readily  takes  place,  but  the  molecules  very  readily  discharge  into  each 
other.  This  constitutes  the  difference  between  insulators  and  conductors.  Con- 
duction Faraday  considers  to  be  the  discharging  of  contiguous  particles  one  into 
another,  brought  on  by  previous  inductive  influence. 

For  further  details  and  for  arguments  in  support  of  this  theory  we  can  only  refer 
once  more  to  Faraday's  original  papers. 

Induction.  Magnetic.  If  a  mass  of  soft  iron  be  brought  near  to  a  magnet  it 
becomes  itself  temporarily  possessed  of  all  the  properties  of  a  magnet.  For  instance, 
let  a  small  cylinder  of  soft  iron  be  suspended  by  attraction  from  one  end  of  a  mag- 
net ;  it  will  be  found  that  a  second  cylinder,  when  put  in  contact  with  the  first,  can 
suspend  itself  from  it,  and  a  third  and  fourth  perhaps  in  the  same  way.  The  cylin- 
ders have  thus,  for  the  time  being,  a  power  of  attracting  similar  to  that  of  the 
original  magnet.  The  attractive  power  may  even  be  developed  in  a  mass  of  soft 
iron  without  actual  contact.  Thus,  if  a  bar  of  soft  iron  be  placed  with  one  end  just 
above  a  plate  on  which  a  few  iron  filings  are  strewed,  on  bringing  a  powerful  magnet 
near  to  the  other  end  of  the  bar,  the  filings  will  rise  up  and  stick  to  the  bar.  In 
either  of  these  cases,  when  the  magnet  is  withdrawn,  the  soft  iron  immediately 
returns  to  its  natural  condition  and  retains  no  trace  of  magnetism.  This  action,  by 
which  a  magnet  develops  magnetism  in  the  soft  iron,  is  termed  Magnetic  Induction. 

Inductive  Capacity.    See  Capacity,  Specific  Inductive. 

Inductive  Embarrassment.  A  term  applied  to  the  phenomenon  of  retardation 
caused  by  lateral  induction  in  the  transmission  of  telegraphic  signals.  It  is  ex- 
plained under  Electricity,  Velocity  of,  that  an  impulse,  though  momentary  at  start- 
ing, is  prolonged  out  into  a  gradually  rising  and  falling  wave  at  the  extremity  of  a 
long  line.  This  prevents  rapid  transmission  of  messages  through  a  great  length  of 
cable,  for  time  must  be  given  for  the  first  signal  to  ooze  out  of  the  wire  before  a 
second  is  sent ;  hence,  where  it  is  practicable,  lines  are  not  made  much  more  than 
500  miles  or  so  long.    It  is  found  preferable  to  resend  the  messages. 

Sir  William  Thomson  showed  that  the  retardation  is  directly  proportional  to  the 
square  of  the  length  of  the  line,  and  inversely  proportional  to  the  area  of  cross 
section  of  the  conductor,  for  a  given  proportion  between  the  wire  and  insulator ; 
and  calculated  that  the  maximum  speed  attainable  on  a  land  line  2000  miles  long, 
of  iron  wire  a  quarter  of  an  inch  in  diameter,  would  be  twenty  words  per  minute. 
His  papers  are  published  in  the  Transactions  of  the  Royal  Society,  1855,  1856 ; 
Philosophical  Magazine,  1855;  British  Association  Report,  1855;  and  in  a  letter 
to  the  Athenaeum,  Nov.  1,  1856. 

Inductometer.  (pirpw,  a  measure.)  An  instrument  used  by  Faraday  for  com- 
paring the  specific  inductive  capacities  of  various  substances.  It  consisted  of  three 
parallel  metallic  plates,  the  middle  one  of  which  was  charged  with  electricity  and 
acted  inductively  towards  the  others,  which  were  insulated  from  each  other,  and 
were  connected  each  with  one  of  the  gold  leaves  of  an  electroscope  constructed  for 
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the  purpose.  Plates  of  various  insulating  substances  could  be  placed  between  the 
metallic  plates,  and  the  distance  between  the  latter  could  be  altered  at  pleasure  ; 
and  by  comparing  the  distances  when  the  electroscope  indicated  that  the  energy  of 
induction  from  the  middle  plate  to  each  of  the  others  was  the  same,  the  relative 
specific  inductive  capacity  of  the  insulator  was  inferred. 

Indus.    (The  Indian.)     One  of  Bayer's  southern  constellations,  often  associated 
with  the  Peacock  under  the  title  Indus  et  Pavo. 

Inequality.     (Inwqnalis,  uneven.)    A  term  applied  in  astronomy  to  any  varia- 
tion in  the  motion  of  a  body. 

Inequality,  Great,  of  Saturn  and  Jupiter.    A  variation  in  the  motions  of 

these  bodies  caused  by  their  mutual  attraction.  It  was  noticed,  soon  after  the  re? 
cognition  of  the  laws  of  planetary  motion,  that  Saturn's  period  was  continually  dir 
minishing,  while  Jupiter's  period  was  continually  increasing,  though  to  a  smaller 
extent.  It  was  further  found  that  Saturn's  period  was  in  excess  of  his  mean  period, 
calculated  according  to  Kepler's  laws,  while  Jupiter's  period  fell  short  of  its  mean 
value.  Accordingly  the  observed  changes  were  such  as  were  calculated  to  restore 
the  periods  of  the  planets  to  their  mean  value.  Near  the  end  c  f  the  eighteenth 
century  the  periods  of  Jupiter  and  Saturn  had  assumed  their  mean  value,  but  since 
that  time  Jupiter's  period  has  continued  to  increase,  while  Saturn'  has  diminished. 
These  facts  were  for  a  long  time  thought  to  be  opposed  to  the  laws  of  gravity.  But 
Laplace  succeeded  in  detecting  the  origin  of  the  perturbation  in  the  action  of  those 
laws,  associated  with  a  peculiar  relation  which  exists  between  the  motions  of  Jupiter 
and  Saturn.  Two  revolutions  of  Saturn  take  place  in  nearly  the  same  interval  as 
five  revolutions  of  Jupiter.  Hence,  supposing  the  planets  to  be  in  conjunction  at 
any  time  they  will  be  nearly  in  conjunction  again  when  Saturn  has  completed  two 
revolutions.  So  that  whatever  perturbations  were  effected  at  and  near  tne  time  of 
the  first  conjunction,  will  be  repeated  during  the  second  conjunction,  and  so  on. 
Thus  there  will  be  a  gradual  accumulation  of  similar  disturbances,  so  far  as  this  par- 
ticular set  of  conjunctions  is  concerned ;  and  there  will  result  an  effective  disturb- 
ance of  the  periods  of  both  planets,  such  as  could  not  take  place  did  conjunctions 
occur  at  less  regular  intervals.  In  the  course  of  time,  however,  this  particular  set 
of  conjunctions  shifts  its  place  so  far  that  contrary  effects  are  developed.  It  is  inter- 
esting to  notice  how  the  mathematical  expressions  for  planetary  perturbation  exhibit 
the  effectiveness  of  such  a  relation  of  commensurability  between  two  planetary  periods 
as  exists  in  the  case  of  Jupiter  and  Saturn.  Calling  the  period  of  Jupiter  J,  and 
that  of  Saturn  S, — then  amongst  the  terms  involved  there  is  one  in  which  the  expres- 
sion (5  J — 2  S)  appears  as  a  denominator;  so  that  5  J  being  nearly  equal  to  2  S,  this 
denominator  is  small,  and  the  term  itself  therefore  large,  indicating  the  relative 
largeness  of  the  resulting  perturbation. 

Inequality,  Moon's  Parallactic.    See  Lunar  Theory. 

Inertia.  The  passiveness  or  inactivity  of  matter.  This  inertia,  or  perfect  indiffer- 
ence to  rest  or  motion  is  a  quality  of  matter  which  stands  foremost  in  all  mechanical 
inquiries,  and  forms  one  of  the  chief  distinctions  between  living  bodies  and  lifeless 
matter.  The  first  law  of  motion  is  simply  an  exposition  of  the  property  of  inertia, 
hence  it  is  frequently  termed  the  law  of  inertia. 

Inferior  Planet.    A  planet  whose  orbit  round  the  sun  lies  within  that  of  the  earth. 

Inflection.  (Inflecto,  in,  and  flecto,  flexiim,  to  bend.)  A  term  used  to  deuote 
certain  phenomena  due  to  interference  observed  when  a  ray  of  light  passes  near  to 
the  edge  of  an  opaque  body.     (See  Diffraction.) 

Insolation.     (In,  and  Sol,  the  sun.)     Exposure  to  sunshine. 

Insulator.  A  body  which  does  not  permit  electricity  to  pass  through  it  or  over 
its  surface.  Among  excellent  insulators  are  glass,  wax,  shell-lac,  gutta-percha, 
caoutchouc,  ebonite,  paraffin.     (See  Conductor,  Electric;   Conduction,  Electric.) 

Insulating  Stool.  A  kind  of  support  much  used  in  electric  experiments.  It 
consists  of  a  flat  piece  of  mahogany  supported  on  three  or  on  four  glass  legs,  prefer- 
ably the  former.  The  glass  legs  ought  to  be  varnished  with  solution  of  shell-lac  in 
spirits  of  wine,  in  order  to  improve  their  insulating  powers.  The  insulating  stool  is 
used  for  setting  charged  bodies  upon  in  order  to  prevent  discharge  by  communication 
with  the  ground. 

Intensity  Of  a  Magnetic  Field.  The  intensity  of  a  magnetic  field,  at  any  point, 
is  measured  by  the  force  which  a  unit  magnetic  pole  would  experience  at  that  point ; 
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that  is,  a  magnetic  pole  which  placed  at  unit  of  distance  from  an  equal  pole  would 
exert  unit  force  of  attraction  or  repulsion.     (See  Units,  Magnetic.) 

Intensity  Of  an  Electric  Current.  (From  the  French,  IntensiU.)  Is  not  un- 
frequently  used  in  Euglish  books  for  what  is  properly  called  the  strength  of  the 
current ;  the  intensity  of  a  current  is  proportional  to  the  quantity  of  electricity  that 
passes  through  any  section  of  the  circuit  in  unit  of  time. 

Intensity  of  two  Luminous  Sources,  Comparison  of.    See  Photometry. 

Interference  of  Light.  (Inter,  between,  and  ferio,  to  strike.)  If  two  similar 
waves  start  from  the  same  place,  at  the  same  time,  they  increase  each  other's  inten- 
sity, and  the  result  is  a  wave  of  double  light ;  but  if  one  wave  is  half  au  undulation 
in  advance  of  the  other,  the  crest  of  one  occupies  the  position  of  the  hollow  of  the 
other,  and  the  result  is  a  dead  level.  If  the  intervals  of  startiug  are  less  than  half  a 
wave  length,  the  result  is  a  series  of  smaller  waves,  the  magnitude  of  which  depends 
upon  the  distance  which  one  wave  has  in  advance  of  the  other.  In  the  case  of  waves 
on  the  surface  of  water,  this  interference  may  easily  be  understood,  aud  it  has  been 
found  that  similar  phenomena  obtain  in  the  case  of  the  ethereal  vibrations  which 
constitute  the  phenomena  of  light.  The  interference  of  the  waves  of  light  may  be 
produced  in  many  ways ;  by  diffraction,  or  by  reflection  from  thin  plates  such  as 
soap  bubbles ;  from  grooved  surfaces,  such  as  Barton's  buttons  ;  or  from  minute  par- 
ticles such  as  atmospheric  mist,  etc.  The  illustration  of  the  production  of  colors 
from  thin  plates  will  serve  as  a  general  explanation  of  interference  ;  special  details 
beiug  found  under  the  different  headings, — Newton's  Rings ;  Newton's  Scale  of 
Colors;  Grooved  Surfaces,  Colors  of;  Thin  Plates,  Colors  of;  Thick  Plates, 
Colors  of 

Interference  of  Polarized  Light.  See  Polarization  of  Light;  Colors  produced 
by  Polarized  Light ;  Colored  Polarization. 

Interference  of  Sound.  Strictly  sneaking,  the  expression  "  interference"  in  re- 
gard to  sound,  is  tautological.  According  to  the  idea  embraced  in  the  "  second" 
law  of  motion,  a  force  acting  on  a  particle  produces  the  same  or  an  equivalent  effect, 
whether  that  particle  be  acted  on  or  not  by  other  forces.  In  sound,  the  expression 
interference  is  limited  to  the  case  in  which  the  effort  of  one  vibration  to  move  a  par- 
ticle in  one  direction  is  partially,  wholly,  or  more  than  counteracted  by  the  effort  of 
a  second  vibration,  to  move  it  in  the  opposite  direction.  The  most  obvious  case  of 
interference  is  when  two  series  of  waves  are  so  related  to  one  another,  that  a  given 
point  of  the  medium  through  which  they  are  propagated  is  urged  by  virtue  of  one 
system  of  waves  to  occupy  one  extreme  position,  while  by  the  other  system  it  is 
urged  to  occupy  a  position  as  far  as  possible  removed  from  the  first.  In  this  sense 
the  two  influences,  or  wave  systems,  •*  interfere"  with  one  another,  and  the  point  re- 
mains at  rest.  This  effect  is  actually  produced  when  the  phase  difference  between 
two  wave  systems  is  half  a  wave  length.  Then  a  point  of  maximum  condensation, 
according  to  the  one  system,  will  correspond  to  a  point  of  maximum  rarefaction,  ac- 
cording to  the  other  system  ;  the  point  will  be  subjected  to  two  equal  and  opposite 
influences,  and  will  accordingly  be  unmoved.  Further,  if  two  simultaneous  wave 
systems  differ  by  a  half  wave  length,  their  simultaneous  efforts  at  rarefaction  and 
condensation  will  neutralize  one  another,  so  that  silence  will  be  produced.  This 
theoretical  truth  can  be  demonstrated  experimentally  by  dividing  a  wave  segment 
into  two,  and  making  one-half  traverse  a  path  a  half  wave  length  longer  than  the 
other  half.  Silence  ensues.  A  tuning  fork  or  other  sonorous  body  is  made  to  sound 
lxtfore  a  trumpet-shaped  tube.  The  sound  wave  going  down  the  tube  is  split  upon 
a  wedge  and  cast  right  and  left  into  branches  of  the  first  tul>e.  The  branches  to  the 
left  and  right  are  both  U  shaped,  so  that  their  second  branches  are  reunited  into  a 
single  tube.  The  tube  to  the  left  is  fixed  in  length,  that  to  the  right  can  be  elon- 
gated by  sliding  over  it  the  convex  extremity.  When  this  extremity  is  so  slidod 
that  the  total  length  of  the  band  to  the  right  is  half-a-wave  length  longer  or  shorter 
than  that  to  the  left,  no  sound  is  heard  at  the  common  extremity  of  the  two,  because 
the  phases  of  the  two  wave  systems  are  so  related,  that  the  maximum  condensation 
of  the  one  system  corresponds  to  the  maximum  rarefaction  of  the  other,  and  all  the 
intermediate  states  of  condensation  of  the  one  are  coincident  with  the  corresponding 
states  of  rarefaction  of  the  other.  The  author  of  this  article  has  contrived  an  appa- 
ratus for  showing  the  same  effect  by  employing  a  vibrating  rod  between  the  open 
ends  of  two  tubes  which  are  joined  together.  When  the  rod  approaches  one  tube  it 
causes  a  condensation  on  that  side,  exactly  equal1  to  the  rarefaction  on  the  other,  so* 
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that,  in  all  positions,  there  is  exactly  a  half-wave  difference  of  vibration  in  the  two 
systems  of  waves. 

If  a  rectangular  rod  gives  rise  to  a  system  of  waves  when  struck,  the  note  is  heard 
with  nearly  equal  distinctness  at  almost  whatever  position  the  ear  may  be  placed  in 
regard  to  the  rod.  But  if  it  be  placed  at  the  corner  of  the  rod,  scarcely  any  Found  is 
heard ;  aud,  if  such  a  square  rod  be  turned  round  as  it  is  sounded,  four  regions  of 
sileuce  will  be  detected  opposite  to  the  four  corners  of  the  rod.  These  regions  are 
lines  which  mark  the  coincidence  of  the  maximum  compression  due  to  one  face  with 
the  maximum  rarefaction  due  to  the  other.  The  abseuce  of  round  in  these  lines  can 
be  well  shown  by  turning  a  struck  fork  above  a  cylinder  glass  of  such  capacity  that 
it  resounds  to  the  fork's  note.     (See  Resonance.) 

Internal  Dispersion.    See  Fluorescence. 

Internal  Work  of  a  Mass  of  Hatter.  On  referring  to  the  article  which  treats 
of the  mechanical  equivalent  of  heat,  it  will  be  seen  that  Mayer  deduced  his  deter- 
mination from  a  calculation  of  the  work  done,  and  the  heat  consumed,  by  a  gas  ex- 
panding under  a  constant  pressure.  Gases  expand  far  more  than  solids  or  liquids 
for  a  like  increment  of  heat,  hence,  when  they  expand  under  conditions  of  external 
pressure,  as  in  raising  a  piston  against  the  atmospheric  resistance,  it  is  quite  obvious 
that  they  perform  a  great  amount  of  what  may  be  called  external  work.  In  fact, 
heat  engines  depend  for  their  action  upon  this  performance.  In  the  case  of  solids 
and  liquids,  the  external  work  is  far  less,  because  the  expansion  is  far  less,  and  by 
work  we  mean  weight  raised  through  a  certain  space.  (See  Foot-pound.)  For 
instance,  if  we  take  a  cube  of  iron  1  decimetre  (3.937  inches)  in  the  side,  and  heat  it 
from  the  freezing  to  the  boiling  point  of  water  (viz.,  from  32°  F.  to  212°  F.,  or  from 
0°  C.  to  100°  C),  it  will  increase  in  bulk  by  about  4  cubic  centimetres  (that  is.  by 
about  the  bulk  occupied  by  60  grains  of  water  at  the  freezing  point) ;  and  each  face 
of  the  cube  will  be  expanded  twelve-hundredths  of  a  millimetre.  The  pressure  of  the 
atmosphere  on  each  face  will  be  103  kilogrammes,  hence  the  total  exterior  work 
done  will  be  618  kilogrammes  (about  1360  lbs.  I  kilog.  =  15432.34  grains]  raised 
through  six-hundredths  of  a  millimetre,  which  is  less  than  one-tenth  of  a  kilogram- 
metre,  that  is,  of  the  work  represented  by  the  raising  of  1  kilogramme  through  a 
space  of  1  metre  (3.280899  feet).  The  exterior  work  of  solids  is  therefore  exceed- 
ingly small,  and  bears  no  comparison  with  that  of  gases.  The  exterior  work  of 
liquids,  which  may  be  calculated  from  their  coefficients  of  expansion,  the  conditions 
of  pressure  being  known,  is  also  extremely  small. 

But  while  in  gases  the  force  of  cohesion  has  been  entirely  overcome  (see  Expan- 
sion), and  in  liquids  is  but  slight,  this  force  is  considerable  in  the  case  of  solids.  The 
attraction  of  the  molecules  of  solids  for  each  other  determines  the  solid  form,  and  if 
such  bodies  are  far  from  their  point  of  fusion,  the  force  of  this  moleculer  attraction 
is  excessively  great.  Barlow  has  calculated  that  a  bar  of  wrought  iron  a  square 
inch  in  section  requires  a  weight  of  a  ton  to  stretch  it  pJon  of  its  length.  In  the 
case  of  the  cubic  decimetre  of  iron  mentioned  above  a  iorce  of  250,000  kilogrammes 
would  be  necessary  to  produce  the  lengthening  of  twelve-hundredths  of  a  millimetre; 
yet  this  is  effected  by  raising  the  same  mass  through  100°  C  and  the  wrought-irou 
bar  may  be  expanded  through  the  length,  for  which  bv  direct  strain  1  ton  is  neces- 
sary, by  heating  through  9°  C.  (16.2°  F.).  The  fact  is,  that  in  expanding  bodies,  heat 
has  to  overcome  the  attraction  of  the  molecules,  and  in  so  doing,  it  performs  internal 
work.  Before  the  molecules  can  be  separated  their  cohesion  must  be  combated,  and 
as  the  cohesive  force  of  the  molecules  of  different  substances  varies  in  intensity,  so 
does  the  expansion  for  the  same  increment  of  heat  vary.  (See  Table  given  under 
Expansion.)  As  heat  disappears  in  the  performance  of  mechanical  work,  it  follows 
that  when  we  heat  a  substance  the  heat  is  distributed  into  three  parts ;  one  portion 
disappears  as  heat,  and  becomes  mechanical  force,  necessary  for  overcoming  the  ex- 
ternal resistance  which  the  substance  undergoes  in  changing  its  dimensions ;  in  fact, 
it  performs  the  external  work.  A  second  portion  of  the  communicated  heat  disap- 
pears as  heat  and  becomes  mechanical  force  necessary  for  overcoming  the  internal 
resistance,  that  is,  the  cohesive  force  of  the  molecules ;  in  fact,  it  performs  internal 
work.  The  rest  of  the  communicated  heat  remains  as  sensible  heat,  and  raises  the 
temperature  of  the  substances. 

Now  we  know  the  amount  of  heat  which. represents  a  definite  amount  of  mechani- 
cal work,  and  vice  versa  (see  Mechanical  Equivalent  of  Heat),  and  the  amount  of 
heat  which  disappears  in  the  performance  of  interior  work  can  thus  be  determined. 
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When  a  pound  of  iron  is  heated  from  32°  P.  to  212°  F.  it  has  been  calculated  that 
the  force  expended  in  interior  work  is  equal  to  16,000  foot-pounds ;  that  is,  it  could 
raise  7.14  tons  to  a  height  of  one  foot,  or  1  lb.  to  a  height  of  9  miles. 

In  speaking  of  expansion,  it  has  been  stated  that  certain  crystalline  bodies  con- 
tract in  one  (Erection  when  they  are  heated ;  we  know  moreover  that  water  near  the 
freezing  point  contracts  when  heated.  (See  Expansion ;  Maximum  Density  of 
Water.)  Water  possessesthe  same  volume  at  3.5°  C.  that  it  does  at  4.5°  C,  hence 
in  heating  it  from  one  temperature  to  the  other,  it  is  quite  obvious  that  the  heat 
which  disappears  as  internal  work  is  not  expended  in  overcoming  the  cohesive  force 
of  the  molecules  by  separating  them ;  this  also  applies  to  bismuth  and  to  certain 
crystalline  bodies.  In  these  instances  it  is  probable  that  the  internal  work  consists 
in  an  alteration  of  the  arrangement  of  the  individual  moleculus  unaccompanied  by  an 
alteration  of  their  relative  distances,  such  as  a  rotation  of  the  molecules  around  their 
axes,  or  some  other  movement  of  individual  molecules  not  affecting  the  space  occu- 
pied by  a  congeries  of  them. 

In  liquefaction  and  vaporization  heat  disappears,  and  is  converted  into  interior 
work.  (See  Latent  Heat.)  Again,  it  is  obvious  that  as  the  number  of  molecules  in 
equal  weights  of  different  substances  varies  greatly,  and  as  their  cohesive  power  also 
varies,  the  consumption  of  heat  in  internal  work  must  al60  vary,  and  hence  the  abso- 
lute quantities  of  neat  possessed  by  different  substances  are  not  indicated  by  their 
temperatures.     (See  Specific  Heat.) 

Intrinsic  Light.  (Intrinsecus,  intra,  within,  and  secus,  side.)  Intrinsic  light 
is  in  contradistinction  to  borrowed  light.  Thus  the  sun,  a  candle,  a  Giessler'a  tube, 
or  a  glow-worm  shines  by  intrinsic  light ;  but  the  moon  and  most  natural  objects  shine 
by  borrowed  or  reflected  light. 

Inversion,  Thermo-Eleotrio.    See  Thermo-Electricity. 

InvertedT Bngar.  A  mixture  of  dextrose  and  laevulose  produced  by  the  action  of 
acids  or  heat  upon  cane  sugar.    (See  Sugar.) 

Inverting  Prism.    See  Right-Angled  Prism. 

Iodine.  (iott&rjs,  violet-colored.)  An  element  belonging  to  the  chlorine  group, 
discovered  by  Courtois  in  1812.  Atomic  weight  127,  symbol  I.  At  the  ordinary 
temperature  it  is  a  solid  grayish-black,  metallic-looking  crystalline  mass,  very  soft 
and  brittle.  It  volatilizes  at  the  ordinary  temperature,  and  when  heated  to  107°  C. 
(224.6°  F.)  it  melts;  and  at  a  temperature  between  175°  and  180°  0.  (347°-356° 
R)  it  boils,  evolving  a  magnificent  violet-colored,  very  dense  vapor.  Iodine  dis- 
solves largely  in  disulphide  of  carbon ;  to  a  less  degree  in  alcohol  and  ether,  and 
also  in  solutions  of  alkaline  iodides,  and  other  salts.  Water  dissolves  it  very 
sparingly.  In  its  chemical  properties  iodine  resembles  chlorine,  but  it  possesses 
less  intense  affinities.  Its  principal  compound  is  with  hydrogen  (see  Hydriodic 
Acid),  and  with  the  metals  (see  their  respective  headings).  It  also  unites  with  ni- 
trogen, chlorine,  bromine,  oxygen,  and  various  organic  bodies.  The  most  important 
of  these  compounds  are  the  following: — 

Iodide  of  Nitrogen.  This  name  is  given  to  a  substance  the  composition  of  which 
is  not  satisfactorily  ascertained,  and  which  is  probably  a  mixture  of  several  sub- 
stances, perhaps  containing  hydrogen.  It  is  a  brownish-black  powder,  precipitated  by 
adding  a  solution  of  iodine  to  ammonia,  and  also  formed  by  digesting  iodine  in  strong 
ammonia.  It  must  be  dried  in  small  portions,  on  separate  pieces  of  filtering  paper, 
by  exposure  to  the  air.  When  dry,  iodide  of  nitrogen  is  one  of  the  most  explosive 
substances  known,  the  slightest  touch  even  with  the  end  of  a  feather  causing  it  to 
explode  with  a  sharp  report,  shattering  to  pieces  the  solid  body  upon  which  it  rests. 
If  cautiously  liberated  rrom  the  paper,  and  allowed  to  fall  from  the  height  of  a  few 
feet  into  a  basin  of  water,  the  6hock  is  sufficient  to  induce  explosion.  Its  explosion 
is  attended  with  the  evolution  of  a  beautiful  violet  vapor  of  iodine.  Many  reagents, 
such  as  sulphuretted  hydrogen  or  sulphurous  acid,  decompose  it  slowly. 

The  only  oxygen  compounds  of  iodine  which  need  be  mentioned  are  iodic  and 
periodic  acids. 

Iodic  Acid.  I205  in  the  anhydrous  state,  and  HIOs  in  the  hydrated  state.  This 
crystallizes  from  its  solutions  in  transparent  six-sided  tables.  It  is  very  soluble  in 
water,  and  possesses  the  properties  of  a  strong  acid.  It  is  easily  decomposed  by  re- 
ducing agents.  With  bases  it  forms  salts,  which,  however,  need  not  be  mentioned 
further. 

Periodic  acid  (anhydrous  I^O.,  hydrated  HIOJ  forms  colorless    deliquescent 
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crystals,  which  decompose  easily.    Its  compounds  with  bases  are  well  defined,  but  of 
no  particular  interest. 

Iodo-quinilie,  Sulphate  of.  A  salt  of  which  the  composition  is  somewhat  doubt- 
ful, first  prepared  by  Herapath.  It  forms  large  flat  crystals,  exhibiting  by  reflected 
light  an  emerald-green  metallic  lustre.  By  transmitted  light  they  are  almost  color- 
less, being  of  a  faint  neutral  tint.  These  crystals  possess  the  rare  property  of  allow- 
ing only  one  polarized  ray  of  light  to  pass,  exerting  an  action  upon  light  in  this 
respect  similar  to  a  plate  of  tourmaline,  or  a  Nicol's  prism.  On  this  account  they 
are  larely  used  in  optical  experiments,  and  usually  go  t>y  the  name  of  herapathite  or 
artificial  tourmaline.  The  salt  is  prepared  by  dissolving  acid  sulphate  of  quinine 
in  strong  acetic  acid,  and  gradually  dropping  in  an  alcoholic  solution  of  iodine.  After 
a  few  hours  the  crystals  separate  in  large  plates.  (For  further  particulars  see  Hera- 
path's  paper  in  Journal  Chem.  Soc.f  xi.  130.) 

Iolite.    See  Dichroite. 

Ions,  (iw,  that  which  goes.)  A  term  introduced  by  Faraday  to  designate  the 
two  portions  into  which  an  electrolyte  splits  up  under  the  influence  of  the  electric 
current,  and  which  go  one  of  them  to  the  positive  electrode,  or,  as  he  calls  it,  the 
anode  ;  and  the  other  to  the  negative  electrode,  or  kathode.  The  former  he  calls 
the  anion,  the  latter  the  kathion.    (See  under  those  names  and  Electrolysis.) 

Iridescenoe.  (tpt*,  the  rainbow.)  Exhibition  of  prismatic  colors.  TTiiB  term  is 
usually  applied  to  the  phenomena  of  interference  colors,  shown  by  grooved  surfaces 
or  thin  films ;  thus  we  speak  of  the  iridescence  of  mother-of-pearl  and  of  a  soap 
bubble.  (See  Barton's  Buttons  ;  Diffraction  Spectra  ;  Grooved  Surfaces,  Colors 
of;  Colors  of  Thin  Plates.) 

Iridium.  («pk,  the  rainbow.)  A  somewhat  rare  metallic  element  found  in  asso- 
ciation with  platinum.  It  was  discovered  in  1804  by  Tennant  in  the  residue  left  on 
dissolving  crude  plantinum  in  nitro-hydrochloric  acid,  in  which  it  occurs  in  an  alloy 
with  osmium,  and  hence  sometimes  called  iridosmine.  From  this  it  is  separated  witn 
great  difficulty.  The  atomic  weight  of  iridium  is  99.13,  and  its  symbol  Ir.  In  the 
pure  compact  state  after  fusion  it  is  a  bright  white  metal,  very  dense  (specific  gravity 
21.15),  brittle  in  the  cold,  but  malleable  at  a  red  heat,  unacted  upon  by  all  acids,  and 
infusible  in  the  ordinary  oxy-hydrogen  blowpipe.  Deville,  however,  has  succeeded 
in  fusing  it  in  his  lime  furnace,  fed  with  a  powerful  oxy-hydrogen  blast  Iridium, 
alloyed  with  platinum,  renders  it  harder,  somewhat  less  fusible,  and  less  affected  by 
gas  flames  and  chemical  reagents.  Hence  this  alloy  is  sometimes  used  instead  of 
pure  platinum  for  chemical  utensils.  The  compounds  of  iridium  with  chlorine  and 
acids  assume  many  colors,  hence  the  name  given  to  it  by  the  discoverer. 

Iris.  That  portion  of  the  eye  which  surrounds  the  pupil.  It  owes  its  name  to 
the  different  colors — various  shades  of  blue,  brown,  or  gray — it  assumes  in  different 
persons.     (See  Eye.) 

Iris  Ornaments.    See  Barton's  Buttons. 

Iriscope.  (h***  the  rainbow,  and  exorttu,  to  view.)  A  philosophical  toy  by  which 
Newton's  colored  rings  can  be  readily  seen.  It  consists  of  a  plate  of  black  polished 
glass,  cleaned  so  perfectly  that  vapor  is  deposited  on  it  in  a  continuous  film.  On 
breathing  througn  a  glass  tube  upon  the  surface,  colored  rings  appear,  owing  to 
the  different  thicknesses  of  the  aqueous  film  deposited.  The  order  is  that  of  New- 
ton's scale  reversed,  as  the  film  is  thinnest  at  the  margin  and  thickest  at  the  centre. 
(See  Newton's  Rings.) 

Iron.  A  metallic  element  very  widely  diffused  in  nature,  and  occurring  in  great 
abundance  in  many  parts  of  the  world.  Its  symbol  is  Fe,  from  the  Latin  word  ft-r- 
rum,  and  its  atomic  weight  56.  In  the  perfectly  pure  state  iron  is  almost  unknown, 
its  preparation  being  attended  with  enormous  difficulties ;  but,  from  the  researches 
of  Dr.  Matthiessen,  it  appears  to  be  softer  than .  ordinary  wrought  iron,  of  silver 
whiteness,  capable  of  taking  a  high  polish,  and  very  tough.  Its  specific  gravity  is 
7.8439.  Electrotyped  iron  has  been  found  to  have  a  specific  gravity  of  8.1393.  In 
the  purest  attainable  state,  iron  is  scarcely  acted  on  by  acids.  In  the  arts,  iron  is 
met  with  in  the  forms  of  malleable  iron,  steel,  and  cast  iron ;  the  first  being  iron 
as  free  from  impurities  as  it  is  possible  to  get  it,  and  the  other  two  being  iron  con- 
taining carbon  in  proportions  varying  from  0.65  to  upwards  of  5.0  per  cent.  Good 
malleable  iron,  known  as  wrought  iron,  is  of  a  grayish  color.  Its  specific  gravity 
is  about  7.8.  Its  melting  point  approaches  that  of  platinum ;  although  at  tempera- 
tures far  below  this,  it  assumes  a  soft  pasty  condition,  and  is  capable  of  being  welded 
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together  into  one  mass.  This  property  of  iron  is  of  the  greatest  value  in  manufac- 
turing operations.  Its  hardness  and  toughness  are  scarcely  altered  by  heating  to 
redness,  and  cooling  suddenly,  forming  in  this  respect  a  striking  contrast  to  steel 
and  east  iron.  It  is  very  malleable  and  ductile,  and  at  a  red  heat  may  be  hammered 
and  rolled  into  any  decided  form.  By  these  operations  it  acquires  a  fibrous  texture, 
and  increases  greatly  in  tenacity.  The  presence  of  foreign  substances  modifies  the 
working  properties  of  wrought  iron ;  thus,  sulphur  in  quantities  of  upwards  of  0.01 
per  cent,  renders  it  what  is  technically  called  "  red  short'1 — that  is,  brittle  and  non- 
tenacious  at  a  red  heat  Phosphorus,  if  present  in  quantities  of  more  than  0.5  per 
cent*,  renders  the  iron  brittle  at  the  ordinary  temperature,  or,  as  it  is  technically 
called,  "  cold  short."  In  dry  air  malleable  iron  is  unchanged,  but  air  and  moisture 
quickly  oxidize  it,  forming  a  red  rust,  which  in  time  would  eat  through  the  whole 
mass.  When  heated  to  whiteness  in  a  current  of  air,  malleable  iron  burns  with  vivid 
scintillations,  producing  magnetic  oxide,  and  at  a  red  heat  decomposes  aqueous 
vapor,  forming  magnetic  oxide  and  evolving  hydrogen.     (See  Hydrogen.) 

Steel  is  intermediate  between  malleable  iron  and  cast  iron,  and  its  peculiar  prop- 
erties are  supposed  to  depend  upon  the  amount  of  carbon  combined  with  it.  The 
best  steel  contains  about  1.5  per  cent,  and  when  the  carbon  gets  below  this  it  be- 
comes "  mild  steel,"  and  approaches  wrought  iron  in  its  properties,  whilst  when  the 
carbon  increases  beyond  this  amount  it  assumes  the  properties  of  cast  iron.  The 
distinguishing  property  of  steel  is  that  of  becoming  very  hard  and  brittle  when  it 
is  heated  and  then  pfunged  into  water,  and  of  becoming  soft  again  when  heated 
and  cooled  slowly.  When  hardened  steel  is  gradually  raised  in  temperature  and  a 
bright  surface  is  watched,  it  will  be  seen  to  pass  through  different  shades  of  colors 
which  are  dne  to  different  thicknesses  of  oxide.  (See  Thin  Plates,  Colors  of.) 
These  colors  have  been  found  to  correspond  to  definite  temperatures,  and  if  the 
steel  is  plunged  into  water  at  any  particular  color  it  will  be  found  to  possess  a 
definite  amount  of  temper,  as  it  is  called,  dependent  upon  the  temperature  which  it 
had  attained.  The  following  table  gives  the  color  assumed  by  the  surface,  the  tem- 
perature to  which  this  color  corresponds,  and  the  kind  of  tool  or  instrument  to  which 
this  particular  temper  is  best  suited : — 

Temperature.  Color. 

220°  C.  (430°  F.)        Faint  yellow.  Lancets. 

232°  0.  (450°  F.)        Pale  straw.  Best  razors  and  most  snrgical  in- 

struments. 
243°  0.  (470°  F.)        Full  yellow  Common  razors,  pen  knives,  etc. 

254°  0.  (490°  F.)        Brown.  Small  shears,  scissors,  chisels  for 

cutting  cold,  hoes. 
265°  C.  (510°  F.)        Brown,  dappled  with 

purple  spots.  Axes,  plane  irons,  pocket  knives. 

277°  C.  (530°  F.|        Purple.  Table  knives,  large  shears. 

288°  C.  (550°  F.l        Light  blue.  Swords,  watch  springs,  bell  springs. 

293°  0.  (560°  F.)        Full  blue.  Fine  saws,  daggers,  augurs. 

316°  0.  (600°  F.)        Dark  blue.  Hand  and  pit  saws. 

Good  steel  is  white  in  color  and  takes  a  very  high  polish.  Its  fracture  should  be 
close  and  granular,  with  no  appearance  of  fibre.  Its  tenacity  exceeds  that  of  any 
other  metal  or  alloy.  Its  specific  gravity  varies  between  7.6224  and  7.8131.  It 
melts  at  a  lower  temperature  than  malleable  iron,  being  more  fusible  in  proportion 
to  the  carbon  it  contains.  When  near  the  melting  point  it  is  capable  or  beini* 
welded  and  wrought  When  dissolved  in  acids  it  leaves  a  black  carbonaceous  resi- 
due. Steel  is  produced  either  by  adding  carbon  or  a  highly  carbonized  iron  to  mal- 
leable iron,  as  in  the  cementation  process,  or  by  removing  carbon  from  cast  iron,  as 
in  the  processes  of  making  natural  steel,  puddled  steel,  and  Bessemer  steel.  A  de- 
scription of  these  different  processes  would  occupy  too  much  space,  and  the  reader 
is  therefore  referred  to  works  on  metallurgy  for  further  details. 

Cast  Iron  or  Pig  Iron  is  iron  containing  the  highest  amount  of  carbon.  There 
are  two  kinds,  viz.,  gray  and  white  cast  iron.  Gray  cast  iron  is  granular  in  texture 
and  of  a  gray  color.  Its  fracture  is  fine  grained,  and  on  close  examination  particles 
of  graphite  may  be  detected  in  it.  Its  specific  gravity  is  about  7.1.  It  melts  at 
about  1600°  G.  and  becomes  very  liquid,  passing  suddenly  from  the  solid  to  the 
liquid  state.    When  rapidly  cooled  it  is  converted  into  white  cast  iron. 
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White  cast  iron  is  much  whiter  than  gray  cast  Iron ;  it  has  a  crystalline  and  some- 
what conchoids,]  fracture,  and  is  very  hard  and  brittle.  Its  specific  gravity  is  about 
7.5.  It  melts  at  a  little  lower  temperature  than  gray  cast  iron,  and  before  becoming 
liquid  it  passes  through  a  pasty  condition.  When  cooled  very  gradually  it  is 
changed  into  gray  cast  iron.  The  most  characteristic  kind  of  white  cast  iron  it 
Spiegelcisen  or  Specular  Iron.  The  chief  difference  between  these  two  kinds  of 
cost  iron  appears  to  be  due  to  the  state  in  which  the  carbon  is  contained  in  them. 
In  white  cast  iron  it  is  supposed  to  be  in  chemical  combination,  whilst  in  gray  cast 
iron  the  greater  part  is  mechanically  diffused  through  it  in  the  form  of  graphite. 
The  carbon  may  be  removed  from  cast  iron  by  heating  it  to  the  welding  point  and 
stirring  it  about  in  the  air  or  with  oxide  of  iron  (Puddling  Process),  or  by  blowing 
air  through  it  in  the  melted  state  [Bessemer  Process).  In  the  latter  operation  the 
beat  produced  by  the  combustion  of  the  carbon  is  sufficient  to  raise  the  temperature 
to  such  a  degree  that  when  at 
last  the  carbon  is  all  burnt  off 
the  resulting  malleable  iron  is 
still  in  the  liquid  state.  If 
these  operations  are  stopped 
before  all  the  carbon  is  burnt 
off,  steel  of  various  qualities 
is  produced.  Besides  carbon, 
which  may  be  considered  a 
normal  ingredient,  cast  iron 
contains  other  impurities,  of 
which  sulphur,  phosphorus,  sod 
silicon  are  almost  always  pre- 
sent, whilst  manganese,  copper, 
aluminium,  calcium,  mag  nest- 
cm.  arsenic,  nickel,  cobalt,  ti- 
tanium, vanadium,  chromium, 
sine,  antimony,  etc.,  occur  less 
frequently.  Cast  iron  is  the 
form  in  which  the  metal  is  al- 
most invariably  prepared  from 
Its  ores.  A  mixture  of  iron 
ore  (sec  Iron  Ores),  limestone, 
coke,  and  sometimes  other  sub- 
stances to  form  a  fusible  slag, 
is  piled  up  in  enormous  quan- 
tities in  blast  furnaces  (Fig. 
83),  sometimes  nearly  100  feet 
high,  and  after  being  ignited 
below,  the  heat  is  brought  to 
its  greatest  intensity  by  forcing 
in  blasts  of  air  by  means  of 
powerful  pumps,  and  through 
blowpipe  noEzles  two  or  three 
inches  in  diameter.  Tbe  blast 
is  sometimes  at  the  ordinary 
temperature,  but.  more  fre- 
quently heated  to  about  the 
melting  point  of  lead.  Reduction  of  the  iron  to  the  metallic  state  rapidly  takes 
place,  whilst  the  other  constituents  form  a  fusible  slag  through  which  tbe  iron 
falls  and  collects  in  the  lower  part  of  the  furnace,  the  slag  forming  a  liquid  layer 
over  it.  As  the  slag  accumulates,  it  is  allowed  to  flow  from  an  aperture  above  the 
level  of  the  liquid  iron,  and  when  the  iron  has  accumulated  to  a  certain  height  it  is 
tapped  off  at  the  lower  part,  whence  it  flows  in  a  stream  along  channels  prepared 
for  it  in  the  sand,  with  which  the  floor  of  the  shed  is  covered.  Tbe  chemical  reac- 
tions which  take  place  in  a  blast  furnace  are  very  complicated,  and  are  not  yet 
thoroughlv  understood;  The  reduction  of  the  oxides  of  iron  is  effected  by  the  car- 
bonic oxide  at  a  temperature  lower  than  the  melting  point  or  iron,  and  the  materials 
with  which  tbe  blast  furnace  is  fed  are  so  proportioned  that  tbe  amount  of  silica. 
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alumina,  and  lime  shall  be  present  in  the  proper  proportion  to  form  a  double  silicate 
of  lime  and  alumina.  This  double  silicate  being  fusible  below  the  melting  point  of 
iron,  coats  the  reduced  spongy  metal  as  with  a  varnish  and  prevents  its  reoxidation 
whilst  its  temperature  is  rising  to  the  fusing  point. 

The  gases  which  issue  from  the  top  of  blast  furnaces  consist  of  between  50  and 
60  per  cent,  of  nitrogen,  about  10  per  cent,  of  carbonic  acid,  25  per  cent,  of  car- 
bonic oxide,  the  remainder  being  a  mixture  of  marsh  gas,  defiant  gas,  and  hydro- 
gen. Formerly  they  were  allowed  to  burn  at  the  mouth  of  the  furnace,  but  lat- 
terly they  have  been  drawn  off  and  utilized  as  fuel  for  heating  boilers,  puddling 
furnaces,  etc. 

Oxides  of  Iron.  Iron  forms  several  oxides,  the  most  important  being  the  prot- 
oxide, the  sesquioxide,  and  the  magnetic  oxide. 

The  Protoxide  or  Ferrous  Oxide  (FeO)  is  scarcely  known  in  its  pure  or  hydrated 
state.  It  is  a  powerful  base,  forming  salts,  which  are  for  the  most  part  soluble  in 
water,  easily  crystallizable,  of  a  pale  greenish-blue  color,  and  white  when  anhydrous. 
Those  of  any  importance  are  described  under  the  headings  of  their  acids. 

Sesquioxide  of  Iron  ;  or  Ferric  Oxide  (Fex03).  This  is  very  widely  distributed 
in  nature,  and  in  the  form  of  haematite  and  specular  iron  is  one  of  the  most  import- 
ant ores  of  iron.  When  anhydrous,  and  prepared  artificially,  it  is  an  amorphous 
powder,  varying  in  color  from  bright  red  to  dark  brown.  When  prepared  by  ignit- 
ing the  magnetic  oxide,  it  is  magnetic,  but  generally  it  has  no  magnetic  properties ; 
it  ib  reduced  to  the  metallic  state  by  hydrogen,  carbon,  carbonic  oxide,  and  combus- 
tible gases,  at  a  red  heat.  Sulphuretted  hydrogen  reduces  and  sulphurizes  it.  In 
the  hydrated  state  it  is  a  yellowish-brown  earthy-looking  powder,  which  becomes  an- 
hydrous at  a  red  heat,  and  is  reduced  more  easily  than  the  anhydrous  oxide.  Sesqui- 
oxide of  iron  dissolves  in  acids,  forming  salts  which  are  generally  difficultly  crystal- 
lizable.  The  most  important  of  them  will  be  described  under  the  headings  of  their 
acids. 

Magnetic  Oxide  of  Iron  (Fe304).  When  native  this  is  the  richest  ore  of  iron ;  it 
is  formed' artificially  when  aqueous  vapor  is  passed  over  red-hot  iron,  or  when  iron  is 
burnt  in  oxygen.  It  may  be  obtained  beautifully  crystallized  by  other  processes. 
It  is  black,  almost  insoluble  in  acids,  and  attracted  by  the  magnet.  It  does  not 
form  salts. 

Sulphides  of  Iron.  There  are  several  sulphides,  those  of  most  importance  being 
the  following : — 

Magnetic  Sulphide  of  Iron  occurs  native  in  crystals  of  a  bronze  metallic  lustre ; 
it  is  brittle,  ana  slightly  magnetic ;  specific  gravity,  4.55 ;  the  formula  is  not  well 
ascertained. 

Disulphide  of  Iron  (FeS2)  is  very  frequently  met  with  native,  and  is  knowu  as 
yellow  pyrites,  cubic  pyrites,  and  mundic,  and  when  in  a  different  state  of  crystal- 
lization, white  iron  pyrites  or  marcasite.  The  yellow  variety  occurs  in  cubical 
crystals  and  forms  associated  therewith  ;  its  specific  gravity  is  about  5.0  ;  it  has  a 
bronze  yellow  metallic  lustre,  and  a  conchoidal  fracture.  It  does  not  alter  by  ex- 
posure to  air,  the  white  variety  or  marcasite  crystallizes  in  pyramidal  and  prismatic 
combinations,  and  is  often  massive ;  its  specific  gravity  is  about  4.8 ;  it  has  a  very 
pale  yellowish-gray  metallic  lustre.  It  oxidizes  readily  in  the  air,  the  heat  some- 
times rising  to  such  an  extent  as  to  cause  combustion  of  the  mass.  Iron  pyrites  is 
now  used  in  enormous  quantities  in  the  manufacture  of  sulphuric  acid ;  when  ignited 
in  the  air  sulphurous  acid  is  formed,  and  sesquioxide  of  iron,  containing  a  little  sul- 
phate of  iron,  is  left. 

Carbides  of  Iron.  Combinations  of  carbon  and  iron,  such  as  cast  iron  and  steel, 
are  called  carbides  of  iron.  Artificial  compounds  of  carbon  aud  iron,  in  definite  pro- 
portions, have  been  prepared. 

Chlorides  of  Iron.  Of  these  there  are  two :  Protochloride  of  Iron,  or  ferrous 
chloride  (Feul2),  in  the  hydrated  state  crystallizes  in  bluish  crystals,  which  are 
readily  soluble  in  water,  and  deliquesce  in  moist  air.  By  evaporating  the  solution 
to  dryness,  and  heating,  it  becomes  anhydrous.  Sesauichloride  of  Iron,  perchloride 
of  iron,  or  ferric  chloride  (Fe,Cl6)  sublimes  in  the  anhydrous  state  when  chlorine  gas 
is  passed  over  hot  iron  turnings.  It  forms  dark  brown  metallic-looking  crystals, 
which  sublime  at  a  little  above  the  boiling  point  of  water ;  it  deliquesces  in  the  air, 
and  is  very  soluble  in  water.  The  solution  of  sesquichloride  of  iron  is  usually  pre- 
pared in  the  wet  way.     On  evaporation  it  yields  crystals,  which  contain  water  of 
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crystallization.  Sesquichloride  of  iron  is  of  considerable  use  in  the  laboratory,  and 
also  in  medicine.  It  is  one  of  the  most  powerful  styptics  known  for  arresting  bleed- 
ing.    Sesquichloride  of  iron  forms  numerous  double  salts  with  other  chlorides. 

Iodide  of  Iron,  or  Ferrous  Iodide  (Fel2).  A  brown  mass  formed  by  the  direct 
union  of  its  elements,  dissolving  in  water  to  a  pale  green  solution,  and  crystallizing 
in  green  deliquescent  crystals.  It  is  quickly  altered  by  exposure  to  air,  with  ab- 
sorption of  oxygen.    No  other  compound  of  iron  and  iodine  is  known. 

Iron,  Meteoric    See  Meteoric  iron. 

Iron  Ores.  The  most  important  iron  ores  are — Magnetite,  or  Magnetic  Iron  Ore. 
It  has  a  black  metallic  lustre,  and  sometimes  forms  mountainous  masses;  it  contains 
72.41  per  cent,  of  iron. 

Haematite  Red  Iron  Ore,  or  Oligistic  Iron.  This  is  native  ferric  oxide,  and  oc- 
curs cither  crystalline  or  massive,  and  sometimes  in  kidney-shaped  lumps.  When 
pure  it  contains  70  per  cent,  of  iron. 

Specular  Iron  Ore,  or  Elba  Iron  Ore.  This  is  also  a  ferric  oxide.  It  is  iron-gray 
and  crystalline. 

Brown  Iron  Ore.  This  is  a  hydrated  sesquioxide  of  iron,  containing  when  pure 
59.89  per  cent,  of  iron.     It  is  generally  of  a  compact  earthy  appearance. 

Spathic  Iron  Ore,  or  Sparry  Iron  Ore.  Native  protocarbonate  of  iron.  It 
crystallizes,  forming  masses  of  a  light  yellowish  color.  When  pure  it  contains  48.27 
per  cent,  of  iron.    There  are  mountains  of  this  ore  on  the  continent  of  Europe. 

Clay  Iron  Ore.  This  consists  of  a  mixture  of  haematite  or  spathic  iron  ore  with 
clay. 

Iron  Pyrites.    See  Iron,  Sulphides  of. 

Irradiation,    (lrradio,  to  shine  on.)    See  Diffraction. 

Irrationality  of  Dispersion.    See  Dispersion,  Irrationality  of. 

Isinglass.    See  Gelatin. 

Isabnormals,  Thermic.  Dov6  has  published  a  series  of  maps  indicating  the 
deviation  of  the  temperature  of  different  regions,  from  the  temperature  due  to  the 
latitude,  for  different  months.  He  calls  the  lines  joining  places  in  which  the  devia- 
tion is  the  same  thermic  isabnormals. 

Isobarometric  Charts.  (too$,  equal ;  |3apo$,  weight ;  and  fdtoov,  measure.)  Charts 
indicating  the  distribution  of  barometric  pressure  over  the  globe.  Dov6  has  used 
the  term,  however,  in  a  different  sense.  In  Buchan's  excellent  Handy  Book  of 
Meteorology  such  charts  are  given  for  January,  July,  and  for  the  year.  The  most 
remarkable  features  in  the  chart  for  the  year  are  ( 1)  the  existence  of  an  equatorial 
zone  of  relatively  low  pressure,  and  (2)  the  great  difference  between  the  barometric 
pressure  in  high  northern  and  southern  latitudes.  The  low  antarctic  barometer  has 
been  explained  in  several  ways,  Captain  Maury  referring  it  to  the  effect  of  the  enor- 
mous quantity  of  aqueous  vapor  rising  over  the  southern  hemisphere.  He  supposes 
this  vapor  to  carry  off  towards  equatorial  regions  a  portion  of  the  air  which  would 
otherwise  add  to  the  pressure  in  high  antarctic  latitudes.  The  present  writer  has 
given  reasons  for  referring  the  difference  of  pressure  to  that  displacement  of  the 
earth's  centre  of  gravity,  which  causes  the  southern  hemisphere  to  be  more  largely 
covered  with  water  than  the  northern.  This  excess  of  water  would,  in  fact,  raise  the 
level  of  the  seas  in  high  southern  latitudes  above  the  mean  level  of  the  terrestrial 
spheroid.  If  this  view  is  just,  barometric  observations  in  northern  and  southern 
seas  give  us  the  means  of  determining  the  displacement  of  the  earth's  centre  of 
gravity. 

Isosceles  Prism.  ("**,  equal ;  <rx«xo$,  a  leg.)  A  prism  the  section  of  which,  per- 
pendicular to  its  axis,  is  an  isosceles  triangle ;  this  and  the  equilateral  prism  are  the 
forms  usually  employed  to  effect  the  prismatic  decomposition  of  light.     (See  Prism.) 

Isocheimenal.  (£00*,  equal ;  and  ;t*tyuS»,  winter.)  Isocheimenal  Lines  are  those 
60  traced  on  a  chart  of  the  earth's  surface  as  to  pass  through  all  places  having  the 
same  mean  winter  temperature.     (See  Isothermal.) 

Isochronism.  {wot,  equal;  *povo$,  time.)  The  property  possessed  by  pendulums, 
balance-wheels,  and  oscillating  particles,  by  which  they  perform  their  oscillations, 
whether  in  longer  or  shorter  arcs,  in  the  same  time.  As  an  illustration,  let  us  sup- 
pose a  smooth  particle  to  be  dropped  into  a  smooth  hemispherical  bowl.  It  will 
oscillate  in  an  arc  of  a  vertical  circle.  When  the  arc  becomes  small,  the  time  of 
each  oscillation  will  be  the  same ;  hence  a  vertical  circle  is  isochronic  for  a  particle 
acted  on  by  gravity  for  a  small  arc  only.    If  a  particle  be  dropped  down  a  cycloid 
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(the  curve  traced  by  a  point  on  the  circumference  of  a  circle  which  rolls  on  a  straight 
line),  the  time  of  oscillation  will  be  the  same  wherever  the  starting  point  may  be. 
On  account  of  this  remarkable  property,  the  cycloid  has  been  termed  the  isochronic 
curve.    (See  Horology ;  Pendulum;  Balance- Wheel.) 

Itoclinio  Line.  (»*<*.  equal ;  xJuVta,  to  incline.)  A  line  joining  all  the  places  on 
the  earth's  surface  which  have  equal  magnetic  inclination  or  dip  is  called  an  iso- 
clinic  line.  Such  lines  are  found  to  occupy  much  the  same  position  with  regard  to 
the  magnetic  poles  that  the  parallels  of  latitude  hold  with  respect  to  the  geographi- 
cal poles.  A  line  called  the  magnetic  equator  or  aclinic  line  (a  priv.),  or  line  of 
bo  dip,  nearly  coincides  with  the  terrestrial  equator,  and  the  other  isocliuic  lines  are 
nearly  parallel  to  it    (See  Magnetism,  Terrestrial.) 

Jjodynamio  Line.  (f<**,  equal ;  8w«ytt$,  force.)  A  line  joining  all  the  points  on 
the  earth's  surface  at  which  tne  magnetic  intensity  is  the  same  is  called  an  isody- 
namic  line.  These  lines  are,  roughly  speaking,  parallels  running  east  and  west ; 
they  do  not,  however,  coincide  with  the  isociinic  lines. 

isogenic  Lines.  (*<ro*,  equal ;  yw»a,  an  angle.)  A  line  joining  all  the  places  on 
the  earth's  surface  at  which  the  declination  or  angle  made  by  the  magnetic  with  the 

geographical  meridian  is  the  same.  The  general  appearance  of  these  lines,  when 
id  down  on  a  magnetic  chart,  is  that  of  running  nearly  north  and  south,  but  with 
very  many  and  verv  great  irregularities.  They  all  converge  to  two  points,  one  in 
the  northern  and  the  other  in  the  southern  hemisphere,  called  the  magnetic  poles, 
and  from  them  these  radiate.    (See  Magnetism,  Terrestrial.) 

Isomerism,  (too*,  equal;  and ftipoj,  part.)  Bodies  are  isomeric  when  they  have 
the  same  elements  and  the  same  percentage  composition ;  thus  butyric  acid  and 
acetic  ether  have  each  the  composition  C4H„0„  and  are  called  isomeric,  although 
they  are  very  different  in  chemical  properties. 

Isomorphism.  (100$,  equal;  and  popfq,  form.)  Bodies  are  isomorphous  when 
they  have  the  same  crystalline  form,  whilst  their  chemical  composition  is  different. 
Thus  the  salts  of  phosphoric  acid,  and  arsenic  acid,  of  sulphuric,  and  selenic  acid, 
and  the  protosalts  of  magnesium,  and  zinc,  are  isomorphous — that  is  to  say,  their 
corresponding  compounds  crystallize  in  the  same  form. 

Isotheral.  (100$.  equal ;  and  0£po$,  summer.)  Isotheral  lines  are  those  so  traced  on 
a  chart  of  the  earth's  surface  as  to  pass  through  all  places  having  the  same  mean 
summer  temperature.    (See  Isothermal.) 

Isothermal  (100$,  equal ;  and  0«ppq,  heat.)  Isothermal  lines  are  lines  drawn 
across  a  chart  of  the  earth  so  as  to  pass  through  all  places  having  a  given  mean 
temperature  (Fig.  84),  whether  for  a  given  month  or  for  the  year.  Isothermal  lines 
for  the  year  are  commonly  called  the  mean  annual  isotherms  ;  the  isotherms  for 
July  and  January — that  is,  for  the  hottest  and  coldest  months  of  the  year — are  called 
respectively  isotherals  and  isocheimenals. 

vie  owe  to  Humboldt  the  suggestion  that  isothermal  charts  should  be  constructed, 
and  also  a  large  mass  of  materials  to  aid  in  their  construction.  Such  charts  are 
most  important  aids  to  the  study  of  climatology,  indicating  as  they  do  those  great 
laws  which,  apart  from  latitude  (as  also  apart  from  altitude),  affect  the  climate  of  a 
country.  (Sec  Climate.)  It  is  in  particular  noteworthy  that  whereas  the  mean 
annual  isotherms  exhibit  a  certain  general  uniformity,  and  (except  in  polar  regions) 
a  general  tendency  to  coincidence  with  latitude-parallels,  we  see  in  the  isotherals, 
and  still  more  markedly  in  the  isocheimenals,  the  most  striking  departures  from 
regularity.  In  July  wc  find  the  continents  more  heated  than  the  ocean  regions  lying 
on  the  same  parallels ;  in  January  the  direct  reverse  is  the  case.  Here  reference  is 
made,  of  course,  to  the  northern  hemisphere,  where  alone  continental  and  ocean 
regions  are  distributed  pretty  equally,  and  where  also  we  have  full  materials  for  the 
construction  of  these  charts.  It  may  be  noted  in  passing  that  the  terms  isotheral 
and  isocheimenal  arc  not  very  happily  chosen,  since  the  winter  season  for  one  hemis- 
phere is  the  summer  season  for  the  other. 

One  of  the  most  striking  of  all  the  features  presented  by  isothermal  charts,  is  the 
position  of  those  isotherms  which  cross  or  pass  near  the  British  Isles  in  winter.  In- 
stead of  lying  along  parallels  of  latitude,  they  run  so  nearly  north  and  south  across 
Great  Britain,  that  one  may  accept  it  as  a  general  rule  in  selecting  wintering  places 
in  these  Isles,  that  a  high  temperature  is  to  be  sought  by  travelling  from  east  to 
west,  instead  of  from  north  to  south.  The  mean  winter  climate  of  the  south- 
western extremity  of  Ireland  is  considerably  warmer  than  that  of  Constantinople, 


IZAR. JACK. 


It  would  be  an  advantage  if  the  use  of  polar  projections  of  the  two  hemispheres 
conld  be  introduced  for  isothermal  charts,  instead  of  Mercatort,  which  so  enlarges 
polar  regions  as  to  make  the  isothermal  lines  in  high  latitndes  barely  intelligible. 

We  require  also  charts  coustructed  so  as  to  indicate  the  range  of  temperature  for 
the  year,  since  this  is  a  more  important  element  of  climate  than  even  the  mean 
annual  temperature. 

Izar.  (Arabic.)  A  name  sometimes  given  to  the  star  i  Bootes.  It  is  called  also 
Mlzar,  Mirach,  and  Pnlcherrima. 


Jack.  (Same  as  French  Jacques,  James ;  a  common  name  for  a  helping-boy,  and 
thence  any  instrument  supplying  the  place  of*  boy,  as  boot-jack,  and  generally  ap- 
plied to  any  instrument  rendering  convenient  though  apparently  slight  service.)  An 
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adaptation  of  the  toothed-wheel  for  the  purpose  of  raising  great  weights  through 
small  distances.  It  consist^  of  a  pedestal  or  support,  in  which  works  some  combina- 
tion of  mechanical  powers,  usually  a  rack  and  pinion.  (See  Rack  and  Pinion.) 
The  rack  is  prevented  from  descending  after  being  raised  by  the  following  means :  A 
small  wheel,  termed  a  ratchet-wheel,  is  attached  to  the  axle,  and  furnished  with 
teeth  inclined  in  the  direction  opposite  to  that  in  which  it  is  to  move,  and  a  catch 
falls  between  the  teeth  as  the  wheel  revolves.  The  reaction  of  this  catch  is  in  the 
direction  of  the  tangent  to  the  wheel,  and  permits  of  the  motion  of  the  wheel  in  one 
direction  only.  A  much  greater  power,  though  attended  with  a  proportionally 
diminished  range  in  space,  may  be  obtained  by  combining  two  or  more  wheels  and 
pinions  in  the  jack. 

Jacob's  Membrane.  A  delicate  transparent  membrane  of  the  eye  separating  the 
choroid  coating  from  the  retina.    (See  Eye.) 

Janssen's  Telluric  Lines.    See  Atmospheric  Lines  of  the  Solar  Spectrum, 

Jargon.    See  Zirconium. 

Jasper.    See  Quartz. 

Jet  Photometer.  The  quantity  of  gas  which  will  pass  through  a  small  aperture 
at  a  constant  pressure  varies  with  the  density  of  the  eas,  and  in  the  case  of  different 
gases  the  quantity  which  will  pass  is  inversely  as  their  densities.  Mr.  Lowe  has 
constructed  an  instrument  on  this  principle ;  it  is  not,  however,  strictly  speaking,  a 
photometer,  or  light  measurer,  but  an  indicator  of  constancy  of  quality ;  so  long  as 
the  quality  of  the  gas  is  unaltered,  the  jet  of  flame  remains  of  the  same  size.  (See 
Photometry^ 

Joint.  (French,  joindre,  to  join ;  jonit,  joined ;  Latin,  jungere,  to  fasten  to- 
gether.) In  machinery,  any  contrivance  by  which  two  different  parts  may  be  united 
either  temporarily  or  permanently.  Joints  are  variously  constructed ;  one  of  the 
most  useful  is  the  universal  joint,  invented  by  Dr.  Hook.  The  two  axles  which  are 
to  be  connected  terminate  in  semicircular  pieces  of  iron,  and  the  diameters  are  fixed 
upon  each  other  crosswise,  at  the  same  time  moving  freely  in  the  extremities  of  the 
semicircles.  Thus  either  axle  may  change  its  position  through  a  considerable 
angle  without  necessarily  altering  the  action  of  the  other.  Where  the  greatest  pos- 
sible range  of  motion  is  required,  a  double  joint  can  be  used,  constructed  on  a  simi- 
lar principle. 

For  other  varieties  of  joints,  see  Ball-and-Socket. 

Joule's  Equivalent.    See  Mechanical  Equivalent  of  Heat. 

Juno.     One  of  the  Asteroids  (q.  v.). 

Julian  Period.  A  period  containing  7980  years,  and  therefore  including  an  in- 
tegral number  of  cycles  of  the  sun  (each  twenty-eight  years),  of  the  moon  (each 
nineteen  years),  and  of  the  indiction  (each  fifteen  years). 

Jupiter.  In  astronomy,  the  fifth  of  the  planets  in  order  of  distance  from  the  sun, 
the  innermost  and  also  the  noblest  of  the  system  of  major  planets  travelling  outside 
the  zone  of  asteroids.  Jupiter's  mean  distance  from  the  sun  is  475,692,000  miles ; 
his  greatest,  498,639,000;  his  least,  452.745.000.  The  mean  distance  of  the  earth 
from  the  sun  being  91,430,000  miles.  Jupiter's  distance  from  the  earth  varies  from 
about  361,000,000  to  about  590,000,000  miles.  The  eccentricity  of  his  orbit  is  con- 
siderable, being  0.048239 ;  its  inclination  to  the  ecliptic  is  1°  18'  40.3".  He  accom- 
plishes a  sidereal  revolution  in  a  mean  period  of  4332.5848  days;  while  the  interval 
separating  his  successive  returns  to  opposition,  has  a  mean  value  of  398.867  days. 
He  is  the  largest  of  all  the  planets,  having  an  equatorial  diameter  of  no  less  than 
84,850  miles.  His  polar  diameter  is  about  T'Tth  less,  according  to  some  estimates, 
while  others  make  tne  compression  of  his  globe  as  great  as  Vjth,  or  even  Ath.  His 
volume  exceeds  the  earth's  no  less  than  1233.205  times ;  but  his  density  being  only 
about  one-fourth  of  the  earth's,  his  mass  does  not  exceed  the  earth's  more  than  301 
times.  He  is,  however,  in  weight  as  well  as  in  volume,  the  first  of  all  the  planets. 
Indeed,  he  outweighs  their  combined  mass  more  than  doubly.  His  rotation  upon  his 
axis  is  accomplished  in  a  few  minutes  less  than  ten  hours;  the  inclination  of  his 
equator  to  this  orbit  is  only  3°  5'  30",  so  that  there  can  be  no  appreciable  seasonal 
changes  in  any  parts  of  his  globe. 

Jupiter  is  surrounded  by  a  noble  system  of  dependent  orbs,  having  no  less  than 

four  satellites  (the  least  of  which  is  equal  to  our  moon  in  bulk)  circling  around  his 

globe.     Thev  were  discovered  by  GaHleo  in  1610,  and  their  motions  have  been  ever 

since  carefully  studied  by  astronomers.    They  afford  to  the  amateur  telescopist  an 

25 
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interesting  subject  of  study,  as  thev  pursue  their  career  around  the  primary,  now 
transiting  his  disk,  now  attaining  their  greatest  elongation,  and  anon  passing  into 
his  great  shadow-cone.  Their  changes  of  configuration  are  also  well  worthy  of 
study.  Sometimes  all  will  be  seen  on  one  side ;  at  others,  a  pair  on  each  side  of  the 
planet's  disk.  Often  he  seems  deprived  of  two  or  three  of  his  attendants ;  while 
occasionally,  though  at  very  long  intervals,  he  can  be  seen  without  any  satellite  ex- 
ternal to  his  disk.  The  observation  of  the  eclipses,  occultations,  and  transits  of  these 
satellites  affords  a  means,  though  not  so  exact  a  one  as  was  once  hoped,  of  determin- 
ing terrestrial  longitudes,  and  accordingly  the  epochs  at  which  these  phenomena  may 
be  witnessed  are  announced  beforehand  in  the  Nautical  Almanac.  At  present  it 
would  seem  that,  besides  the  inherent  difficulties  in  this  mode  of  determining  the 
longitude,  there  are  others  depending  on  the  inexactness  of  the  tables  of  Jupiter; 
and  it  is  to  be  hoped  that,  before  long,  better  tables  than  Delambre's  will  be  pre- 
pared and  published.  Observation  of  the  phenomena  of  Jupiter's  satellites  affords 
a  useful  exercise  to  the  young  astronomer. 

It  was  by  observations  of  Jupiter's  satellites  that  the  velocity  of  light  was  dis- 
covered. The  eclipses  and  other  phenomena  were  observed  to  take  place  later  than 
their  calculated  time  when  the  planet  was  approaching  conjunction.  It  was  at 
length  suggested  by  Eomer  that  this  is  due  to  the  greater  distance  light  has  to 
travel  at  such  times.  Repeated  observations  have  shown  this  explanation  to  be 
the  correct  one. 

The  disk  of  Jupiter  is  crossed  by  dark  belts  variable  in  breadth  and  figure.  (See 
Belts.)  During  the  winter  of  1869-70,  these  belts  were  much  studied  dv  astrono- 
mers, on  account  of  the  striking  colors  and  changes  of  color  they  exhibited.  These 
changes  had  been  noticed  in  the  autumn  by  Mr.  Browning,  the  optician,  who  was 
the  first  to  invite  the  attention  of  astronomers  to  their  singular  nature. 

Much  yet  remains  to  be  learned  respecting  the  physical  habitudes  of  this  noble 
planet,  and  there  is  room  for  prolonged  and  patient  study  of  his  appearance,  and 
changes  of  appearance.  It  may  be  reasonably  questioned  whether  he  presents  even 
a  general  resemblance  in  physical  constitution,  and  especially  in  his  present  physical 
condition,  to  our  earth,  or  to  any  of  the  small  planets  circling  within  the  zone  of 
asteroids. 

K 

Kaleidophon.  Wheatstone's  kalcidophon  consists  essentially  of  a  series  of  elastic 
steel  rods  of  rectangular  section,  which  can  be  fastened  rigidly  at  one  end  into  a 
massive  support,  and  which  carry  at  the  other  end  a  bright  silver  button,  or  silvered 
globular  glass  bead.  The  object  of  the  kaleidophon  is  to  show  the  influence  of 
thickness  upon  the  rate  of  vibration  of  an  elastic  rod,  and  to  render  visible  the  effect 
upon  the  rod  of  difference  of  phase  of  two  simultaneous  vibrations.  If  a  square  rod 
be  fixed  in  an  upright  position  it  will  vibrate  as  fast  when  its  plane  of  vibration  is 
parallel  to  one  of  its  faces  as  when  parallel  to  the  neighboring  face  at  right  angles 
to  the  first  plane  (see  Vibrations,  Transversal,  of  an  elastic  rod),  and  the  bright 
bead  at  the  end  will  appear  to  move  in  either  case  in  a  straight  line.  If  the  rod 
receives  two  equal  ana  simultaneous  impulses  at  right  angles  to  one  another  when 
at  rest,  that  is,  when  the  phase  difference  is  nothing,  it  will  move  in  a  straight  line 
bisecting  the  direction  of  the  impulses  and  return  along  the  same  path.  Its  path 
will,  therefore,  be  a  straight  line.  If,  when  under  a  single  impulse  it  has  reached 
its  point  of  maximum  excursion,  it  receive  the  second  impulse  at  right  angles  to  the 
first,  there  will  be  a  difference  of  phase  of  half  a  complete  vibration,  and  the  end  of 
the  rod  will  then  vibrate  in  a  straight  line  perpendicular  to  the  former  one.  If 
under  the  influence  of  the  first  impulse  it  has  completed  half  an  excursion,  or  a 
quarter  of  a  vibration,  it  receives  the  second  it  will  move  in  a  circle.  TKe  same  will 
be  the  case  if  it  receives  the  second  impulse  when  it  has  completed  three  half  excur- 
sions or  three-quarters  of  a  vibration.  In  all  other  relations  of  phase  ellipses  will 
be  described,  which  will  remain  conscious  if  the  rod  be  exactly  square  and  exactly 
clamped.  By  means  of  a  little  screw  working  through  the  pedestal,  one  side  of  the 
rod  may  be  touched  near  to  its  extremity ;  this  virtually  snortens  one  side  of  the 
rod.  It  no  longer  vibrates  in  the  two  directions  at  the  same  rate.  The  figures  no 
longer  remain  constant,  but  collapse  and  expand.    If  the  rectangular  rod  be  twice 
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_  wide  as  it  is  thick,  an  analogous  series  of  figures  will  be  described  depending  upon 
the  difference  of  phase.  The  figure  corresponding  to  the  straight  line  (0  or  j  vibra- 
tion difference)  will  now  be  an  open  curve  resembling  a  parabola,  and  having  its 
curvature  turned  one  way  or  the  other,  according  as  the  vibration  difference  is  0 
or  J.  The  circular  path  of  the  former  case  will  now  appear  as  a  figure  of  8  (differ- 
ence of  vibration  4  or  f ).  The  intermediate  cases  will  resemble  the  same  figure 
having  the  point  of  intersection  pushed  laterally  one  way  or  the  other.  These  figures 
correspond  with  the  ellipses  of  tnc  former  case.  As  before,  by  means  of  the  screw  a 
■light  difference  of  rate  of  vibration  in  one  direction  may  be  introduced,  whereupon 
the  figures  vary  as  in  the  previous  case.  Similar  but  more  complex  figures  are 
formed  when  other  relations  exist,  the  shape  of  the  constant  figures  depending  upon 
the  numerical  relation  of  the  vibrations  and  their  relative  phases,  the  motion  of  the 
figures  depending  upon  a  continual  change  of  phase.  The  simplest  case  of  the  first 
of  the  relations  given  is,  of  course,  offered  by  a  cylindrical  rod  in  vibration ;  for  such 
a  rod  most  vibrate  at  the  same  rate  in  all  directions. 

By  fastening  one  elastic  rod  at  right  angles  to  another  at  their  extremities,  the 
vibration  of  a  point  in  three  dimensions  can  be  examined.  In  this,  as  in  the  former 
cases,  the  position  of  the  point  at  any  given  time  can  be  calculated,  and  the  shape 
of  its  path  determined  mathematically.  Sir  C.  Wheatstonc  has  also  constructed  an 
apparatus  for  illustrating  the  same  effects  when  a  rigid  body  is  subjected  to  similar 
impulses.  The  centre  or  a  rigid  rod  works  in  a  socket  joiut,  the  upper  end  carries 
the  bright  bead,  and  the  lower  end  is  pushed  backwards  aud  forwards  at  a  constant 
rate  by  a  horizontal  rod.  Another  horizontal  rod  at  right  angles  to  the  first  also 
poshes  and  pulls  the  end  of  the  upright  rod.  The  two  horizontal  rods  are  so  con- 
nected together  by  two  friction  wheels  at  right  angles  to  one  another  that  by  moving 
one  wheel  towards  the  centre  of  the  other  any  disproportion  can  be  obtained  in  their 
rates  of  rotation,  and  consequently  in  the  rates  of  backward  and  forward  motion  of 
the  horizontal  rods. 

Kaleidoscope.  (xaxof,  beautiful ;  «5o$,  form ;  and  oxo*««,  to  see.)  A  philoso- 
phical toy  invented  by  Sir  David  Brewster.  It  consists  of  a  tube  containing  two 
plane  reflecting  surfaces  along  its  whole  length,  inclined  at  an  angle  of  about  60°  to 
each  other ;  at  one  end  is  a  small  hole  to  look  through,  and  at  the  other  is  a  shallow 
glass  cell  containing  fragments  of  colored  glass.  On  looking  through  the  tube  to- 
wards the  light,  the  figure  in  which  the  pieces  cTcolored  glass  happen  to  have  fallen  is 
apparently  repeated  five  times,  forming  (with  the  original  figure)  a  symmetrical  pat- 
tern. By  turning  the  tube  round,  the  pieces  of  glass  tumble  into  different  patterns, 
forming  in  the  instrument  a  literally  endless  variety  of  symmetrical  combinations. 

Kaolin.    See  Silicates  of  Alumina. 

Kathions  (xotw,  that  which  goes  down)  are  substances  which,  during  electro- 
chemical decompositions,  go  to  the  kathode.  They  are  the  oppositcs  of  Anions 
Saich  see),  and  are  equivalent  to  those  otherwise  named  electro-positive  bodies. 
e  kathions  are  the  combustible  bodies,  or  bodies  which  correspond  to  hydrogen 
and  the  metals.  Thus  water  is  decomposed  into  hydrogen  and  oxygen,  of  which  hy- 
drogen is  given  off  at  the  kathode  and  is  the  kathion.  (See  also  Electrolyte  and 
Electrolysis.) 

Kathode,  (xota,  downwards,  and  o$o$,  a  way,  the  way  which  the  sun  sets.)  The 
surface  at  which  the  current,  according  to  common  phraseology,  leaves  the  electro- 
lyte or  body  undergoing  electro-chemical  decomposition.  Combustible  bodies, 
metals,  alkalis,  and  bases  are  evolved  there;  it  is  opposite  to  Anode  (which  see). 

Kanj  Anitralis.  (Arabic  and  Latin.)  The  star  i  of  the  constellation  Sagit- 
tarius. 

Keeper  Of  Magnet.  A  piece  of  soft  iron  put  in  contact  with  the  poles  of  a  mag- 
net while  not  in  use,  in  order  to  preserve  its  magnetism,  is  called  a  keeper.  In  the 
case  of  a  horse-shoe  magnet  the  keeper  consists  simply  of  a  bar  of  very  soft  iron, 
large  enough  to  stretch  from  one  leg  to  the  other.  When  such  magnets  are  used 
for  lifting  purposes,  the  keeper  is  furnished  with  a  hook  to  which  a  scale  pan  may 
be  attached.  Bar  magnets  are  protected  with  keepers  by  placing  two  or  more  of 
them  side  by  side,  parallel  and  with  their  like  poles  turnea  in  opposite  directions ; 
two  soft  iron  pieces,  one  at  each  end,  join  the  unlike  poles  of  a  pair  of  magnets  or 
of  a  pair  of  bundles. 

Kelner's  Eye-piece.  A  negative  or  Huyghenian  eye-piece,  having  the  eye-glass 
achromatic.      (See  Negative  Eye-piece.) 
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Keplerian  System.  The  Copernican  System  (q.  v.)  left  unexplained  a  Dumber 
of  peculiarities  in  the  motions  of  the  planets.  It  may,  indeed,  be  gravely  questioned 
whether  the  theory  that  the  sun  is  the  centre  of  the  planetary  motions  would  hare 
gained  acceptance  among  astronomers  as  it  was  presented  by  Copernicus.  There 
were  objections  to  it  which  seemed  scarcely  less  serious  than  those  he  urged  against 
the  Ptolemaic  system,  the  chief  being  that  it  required  artificial  contrivances  to 
account  for  the  planetary  motions.  It  was  to  such  contrivances,  ingenious  combina- 
tions of  circular  and  uniform  motions  around  centres  of  motion  themselves  travelling 
in  eccentric  but  circular  paths  around  the  sun,  that  Kepler  first  turned  his  attention 
in  endeavoring  to  establish  the  Copernican  theory  on  a  sound  basis.  Taking  the 
planet  Mars  as  the  most  convenient  for  his  purpose,  and  employing  a  series  of  obser- 
vations of  that  planet  (made  by  Tycho  with  great  care,  to  establish  a  system  opposed 
to  the  Copernican),  Kepler  tried  one  arrangement  after  another,  but  failed  to  account 
to  his  own  satisfaction  for  the  motions  of  the  planet.  At  length  the  idea  occurred 
to  him  of  trying  elliptical  orbits,  traced  out  according  to  different  laws  of  motion. 
After  spending  in  all  more  than  a  score  of  years  over  these  apparently  hopeless  and 
unprofitable  researches,  he  at  length  lightea  on  the  laws  of  orbital  motion  which 
constitute  the  two  first  of  Kepler's  Laws  (q.  v.).  He  then  tried  to  find  a  law  asso- 
ciating the  periods  and  distances  of  the  planets.  After  selecting  for  comparison  the 
powers  of  the  numbers  expressing  these  elements,  it  is  somewhat  remarkable  that  he 
should  have  been  still  unable  to  find  the  law  he  sought,  since  it  may  be  said  to  lie 
upon  the  very  surface  of  the  relations  he  was  considering.  After  some  delay,  how- 
ever, he  succeeded  in  detecting  the  third  of  the  laws  which  bear  his  name. 

It  should  be  noticed  that  the  modern  system  of  astronomy  deserves  far  better  to 
be  called  the  Keplerian  system  than  the  Copernican.  The  history  of  Kepler  affords 
a  striking  illustration  of  the  value  of  researches  into  numerical  relations  when  con- 
ducted thoughtfully  and  perseveringly.  It  is  not  too  much  to  say  that  but  for 
Kepler,  Newton  would  in  all  probability  never  have  turned  his  unequalled  powers 
to  the  problems  presented  by  tne  law  of  gravitation. 

Kepler's  Laws.  A  term  used  by  astronomers  to  denote  certain  laws  defining  the 
motion  of  planetary  bodies,  and  discovered  by  John  Kepler,  an  astronomer,  born  in 
Wirtemberg  in  1571.  Before  this  time  the  system  of  Copernicus  had  been  estab- 
lished, so  that  Kepler  knew  that  the  apparent  motions  of  the  planets  might  be 
explained  by  supposing  them  to  move  round  the  sun ;  but  it  was  assumed  that  the 
paths  were  circles.  He  also  knew  from  observation  the  proportion  of  the  distances 
of  the  planets  from  the  sun,  but  not  their  actual  distances.  He  had  a  passion  for 
discovering  analogies  and  harmonies  in  nature  after  the  manner  of  the  Pythagoreans 
and  Platonists.  After  immense  labor  and  an  infinity  of  trials,  he  found  out  that  all 
appearances  could  be  accounted  for  and  easily  represented  by  supposing  all  the 

Slanets  to  move  in  ellipses,  having  different  degrees  of  ellipticity  and  axes  in  different 
irections,  the  sun  being  in  the  focus  of  each.  Again,  he  discovered  that  if  three 
positions  of  a  planet  separated  by  the  same  interval  of  time,  as,  for  instance,  a  day, 
be  taken  and  lines  be  drawn  from  these  positions  to  the  sun,  then  the  areas  of  the 
two  triangles  formed  will  be  equal.  Kepler  also  worked  out  the  rule,  that  if  we 
square  the  number  of  days  in  tne  time  of  each  of  the  planets,  we  obtain  quantities 
which  are  in  the  same  proportion  as  the  numbers  obtained  by  cubing  their  mean 
distances  from  the  sun.    These  laws  are  usually  stated  thus : — 

1.  The  planets  describe  ellipses,  of  which  the  sun  occupies  a  focus. 

2.  The  radius  vector  of  each  planet  sweeps  out  equal  areas  in  equal  times. 

3.  The  squares  of  the  period  of  complete  revolution,  or  periodic  times  of  any  two 
planets  are  proportional  to  the  cubes  of  their  mean  distances  from  the  sun.  (See 
Central  Forces.) 

Ketone.    See  Acetone. 

Kilogrammetre.  The  French  unit  used  in  estimating  the  mechanical  work 
performed  by  a  machine.  It  represents  the  work  performed  in  raising  a  kilogramme 
through  a  metre  of  space,  and  corresponds  to  7.233  foot-pounds.    (See  Foot-Pound.) 

Kinematics.  (%»*<•>,  to  move.)  A  branch  of  pure  mathematics,  which  treats  or 
the  motion  of  a  point  without  reference  to  the  forces  producing  the  motion  or  the 
bodies  moved.    (See  Dynamics.) 

Kinetics.     See  Dynamics  ;  Energy ;  Unit  Kinetic. 

Kirchhoff 's  Theory  of  the  Lines  in  the  Solar  Spectrum.  According  to  Kirch- 
hoff  the  black  lines  of  the  spectrum  are  caused  by  the  passage  of  light  through  the 
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vapors  of  bodies  which  by  themselves  would  give  bright  lines  in  the  same  position, 
when  incandescent ;  this  theory  is  generally  accepted.  (See  Fraunhofefs  Lines, 
Artificial ;  Reversal  of  Sodium  Spectrum.) 

Koohab.    (Arabic.)    The  star  3  of  the  constellation  Ursa  Minor. 

Kopp's  Law  Of  Atomic  Volumes.  A  law  first  enunciated  by  Eopp  in  1842, 
according  to  which  liquids  belonging  to  one  homologous  series,  when  compared  with 
the  corresponding  liquids  in  other  collateral  homologous  series,  are  observed  to  have 
like  differences  in  their  atomic  volumes. 

Kopp's  Law  of  Boiling  Points.  A  law  first  pointed  out  by  Eopp.  As  the 
number  of  atoms  of  the  group  CH,  increases  in  an  organic  liquid  there  is  a  remarka- 
ble regularity  in  the  increase  of  temperature  required  to  produce  ebullition.  Thus, 
in  the  compounds  of  methyl  and  ethyl  every  increment  of  CH2  raises  the  boiling 
point  about  36°  F.  (20°  C). 

Xorneforos.    (Arabic.)    The  star  0  of  the  constellation  Hercules. 

XyanoL    See  Aniline, 

L 

Laboratory.  (Laboro,  to  labor.)  A  laboratory  is  a  room  or  building  in  which 
researches  in  chemistry  or  natural  philosophy  are  prosecuted,  or  in  which  those 
sciences  are  practically  taught.  Old  writers  employ  the  term  ^Laboratory,  and 
it  is  obvious  that  this  word  passes  by  an  easy  phonetic  change  into  our  present 
word.  In  an  observatory  systematic  observations  are  made  of  external  objects  or 
phenomena ;  Nature  is  examined  precisely  as  she  presents  herself  to  us,  and  is  not 
subjected  to  any  of  the  operations  of  science.  In  a  laboratory,  on  the  contrary, 
work  in  connection  with  physical  actions,  and  with  matter,  is  added  to  observation, 
with  a  view  to  the  better  elimination  of  error,  and  the  accumulation  of  just  result. 
The  agencies  which  produce  the  various  phenomena  of  the  Universe,  and  the  matter 
with  which  they  associate  themselves,  are  here  submitted  to  numberless  operations ; 
the  modes  of  action,  together  with  the  intensity  and  duration  of  the  actions,  are 
varied ;  matter  has  abnormal  conditions  superinduced  upon  it,  and  is  simultaneously 
influenced  by  divers  forces.  Endeavors  are  here  made  to  wrench  asunder  the  mole- 
cules of  some  bodies,  to  opproximate  the  molecules  of  others,  to  curb  and  restrain 
intense  molecular  forces,  to  augment  those  which  are  weak.  In  fact,  a  laboratory 
is  a  torture  chamber  in  which  matter  is  the  victim,  and  the  natural  philosopher  the 
sworn  torturer;  the  fiery  ordeal  is  a  frequent  usage,  and  the  voltaic  battery  extorts 
confessions  with  a  rack-liko  vengeance.  "  Occulta  Natures"  says  Francis  Bacon 
(who,  by  the  way,  was  the  last  English  judge  to  use  the  rack),  "  magi's  seprodwit, 
per  vexationes  artiumy  quam  cum  cursu  suo  meant" 

Chemical  laboratories  are  more  common  than  physical  laboratories.  In  the  vari- 
ous European  universities,  and  in  many  of  the  larger  schools,  both  kinds  of  labora- 
tory may  be  found  with  lecture-rooms  attached.  Perhaps  the  finest  chemical  labora- 
tory in  the  world  is  that  recently  erected  in  Berlin  at  a  cost  of  more  than  £47,000. 
In  a  similar  institution  at  Bonn,  there  are  forty-four  rooms  on  the  ground-floor,  in- 
cluding, among  others,  a  large  lecture-theatre,  a  smaller  lecture-theatre,  a  chemical 
and  mineralogical  museum,  a  library,  special  laboratories  for  fusions  and  ignitions, 
gas  analysis,  and  volumetric  analysis,  and  laboratories  for  students,  and  for  private 
research.  A  laboratory,  to  be  complete,  must  be  supplied  with  coal  gas,  and  water, 
at  various  pressures,  and  in  pipes  of  various  sizes ;  with  a  supply  of  sulphuretted 
hydrogen  and  of  oxygen  gas ;  with  an  extensive  supply  of  reagents,  and  with  appa- 
ratus necessary  for  research  or  6tudy  ;  that  is,  with  the  various  appliances  by  which 
matter  can  be  submitted  to  sundry  chemical  and  physical  actions.  It  should  be 
light,  lofty,  well  ventilated,  and  provided  with  closed  cupboards,  in  which  substances 
which  evolve  noxious  fumes  can  be  heated  and  experimented  with,  and  through 
which  pass  strong  currents  of  air  escaping  into  the  cnimney.  A  laboratory  should 
have  firm  and  deep  foundations,  and  thick  side-walls,  and  it  should  not  be  subjected 
to  extremes  of  temperature.  Copper  should  replace  iron,  as  completely  as  possible, 
in  all  internal  fittings,  such  as  nails  for  the  flooring,  hinges  and  bolts  of  doors,  etc., 
in  order  that  magnetic  experiments  may  not  be  influenced  by  the  presence  of  iron. 

The  laboratories  of  the  Royal  Institution  are  the  most  notable  in  this  country. 
In  the  chemical  laboratory  Sir  Humphry  Davy  tortured  the  alkaline  bases  so  suc- 
cessfully that  they  declared  their  compound  nature,  and  potassium  and  sodium  be- 
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came  known  to  chemistry;  here,  too.  Faraday  discovered  benzole,  and  liquefied  many 
of  the  gases  believed  to  be  permanent.  In  the  physical  laboratory  worked  It. 
Thomas  Yonng  in  his  endeavors  to  prove  the  truth  of  the  now  accepted  undulatory 
theory  of  light;  Faraday  elaborated  his  splendid  series  of  electrical  researches ; 
and  Tyudall  is  extending  our  knowledge  of  radiant  actions.  Natural  science  has 
now  become  so  thoroughly  a  part  of  the  school  curriculum,  that  we  are  not  surprised 
to  find  laboratories  at  some  of  oar  larger  schools.  Eton,  Rugby,  and  Harrow  pos- 
sess very  good  laboratories.  King's  College,  London,  and  the  University  of  Glasgow 
possess  good  physical  laboratories,  whicliarefarmorerarem  this  coun try  than  chemical 
laboratories,  but  are  certainly  on  the  increase.  Such  of  the  Metropolitan  hospitals 
as  have  medical  schools  attached  to  them,  possess  a  chemical  laboratory  for  students ; 
that  at  St.  Bartholomew's  is  specially  noticeable  for  its  size  and  convenience. 

Lacerta.  (The  Lizard.)  One  of  the  constellations  formed  by  Hevelins.  There 
seems  no  valid  reason  why  the  group  of  stars  forming  this  constellation  should  have 
been  abstracted  from  the  constellation  Andromeda,  to  which  they  originally  be- 
longed. It  is  easy  to  see  that  the  ancients  recognized,  in  this  well-marked  group 
of  stars,  the  rock  to  which  the  hands  of  Andromeda  were  chained.  Lacerta  is  one 
of  the  names  which  will  undoubtedly  be  removed  from  our  maps  if  ever  astronomy 
makes  an  effort  to  free  charts  from  the  complexities  which  now  disfigure  them. 

Lactic  Acid.  An  acid  existing  in  sonr  milk,  and  also  obtained  by  fermentation 
and  otherwise.  It  is  a  colorless  syrupy  liquid,  inodorous  and  intensely  acid.  Com- 
position is  C,HsOj.    It  forms  a  well  crystallized  series  of  salts  with  bases. 

Lsevovyrate  and  Dextrogyrate.    (Lavw,  left ;  dexter,  right ;  gyro,  to  turn.) 
See  Right-handed  and  I^ftJianded  Polarization. 
Lsvotartario  Acid.    See  Tartaric  Acid. 
LfflvnlOM.     See  Sugar. 

Laminability.     (Lamina,  a  thin  plate.)    See  Malleability. 

Lamp,  Dobereiner'l.     In  Dobereiner'B  lamp,  whose  object  is  the  production  of 

an  instantaneous  flame,  advantage  ia  taken  of  the  power  which  epongy  platinum, 

that  is  platinum  in  a  very  finely  divided  condition,  has  of  condensing  gases  at  its 

surface,  and  thus  producing  an  intense  heat.  Spongy 

platinum  may  be  obtained  by  heating  very  strongly 

the  double  chloride  of   platinum  and    ammonium 

(PtCl42H,NClJ,  whereby  a  mass  of  black  powder, 

which  is  metallic  platinum,  ia  left,  the  remainder 

being  volatilized,  and  the  property  referred  to  is 

this,  that  if  a  jet  of  hydrogen,  mixed  with  oxygen, 

be  allowed  to  fall  upon  a  small  pellet  of  the  powder, 

the  gases  arc  condensed  at  its  surface  rapidly,  so  at 

to  give  rise  to  heat  so  great  that  the  hydrogen  takes 

The  following  is  the  construction  of  Dobcreiner's 
lamp  (Fig.  85) :  A  glass  vessel  5  or  5  inches  high 
is  three-quarters  filled  with  dilute  sulphuric  acid ; 
and  a  second  vessel,  shaped  like  a  diving-bell,  dips, 
mouth  downward,  two  or  more  inches  below  the  sur- 
face of  the  liquid.  Within  the  diving-bell  is  sus- 
pended a  lump  of  zinc,  by  means  of  which  and  the 
sulphuric  acid,  hydrogen  is  produced,  and  the  gas 
as  it  is  generated  forces  the  liquid  downwards  by 
its  pressure  so  that  when  the  bell  is  full,  the  action 
of  the  acid  on  the  zinc  ceases.  Bnt  if  the  gas  be 
drawn  off  the  liquid  again  rises,  comes  in  contact 
with  the  zinc  and  sets  up  fresh  action.  At  the  top 
of  the  bell  there  is  a  small  tube  with  a  stopcock, 
and  when  the  cock  is  opened,  the  gas  issues  from 
the  tube  ;  it  is  arranged  to  fall  upon  a  mass  of 
spongy  platinum  at  a  short  distance  from  the  nozzle 
of  the  tnbe,  and  this,  as  we  have  explained,  becomes 
heated  and  sets  fire  to  the  gas.  Thus  a  flame  is 
always  obtained  at  will. 

Lamp,  Electric-,     An  apparatus  in  which  the 
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intensely  brilliant  light  obtained  from  the  voltaic  arc  is  made  use  of  as  an  illuminator. 
It  »  much  used  Tor  the  display  of  optical  experiments,  for  lecture  illustration,  and  for 
men  purposes,  and  has  also,  to  some  extent,  been  employed  with  success  Tor  the 
illumination  of  lighthouses.  Iu  the  latter  case,  the  current  of  electricity  necessary 
is  obtained  from  a  magneto- electric  machine,  worked  by  a  steam-engine ;  and  it 
appears  that  the  expense  of  fuel  necessary  is  not  greater  than  that  of  the  oil  which 
would  otherwise  be  burned,  while  the  light  is  much  greater  and  better.  As  is  ex- 
plained (see  Light,  Electric),  when  a  current  is  caused  to  pass  between  two  points 
of  carbon,  separated  by  u  small  interval,  an  extremely  brilliant,  pure,  white  light  is 
obtained,  owing  to  the  heat  produced  at  the  carbon  points.  The  tips  of  the  carbon 
attain  an  intense  white  heat,  and,  at  the  same  time,  small  incandescent  particles  are 
carried  bodily  between  the  poles,  part  of  which  are  burned,  and  the  rest  transported 
from  one  pole  to  the  other.  While  it  is  going  on  there  is,  owing  to  the  burning  of 
the  particles,  a  constant  wasting  of  the  carbons;  and  when  the  interval  between 
the  points  becomes  bo  great  that  the  current  can  no  longer  pass,  the  light,  of  course, 
ceases  altogether,  and  is  not  renewed  till  the  points  arc  again  brought  in  contact, 
and  then  separated  once  more.  The  object  in  the  electric  lamp  is  io  make  a  self- 
acting  arrangement,  which  shall  always  keep  the  points  at  such  a  distance  as  to  give 
the  greatest  Brightness,  and  still  not  allow  them  to  get  so  far  apart  by  burning  away 
that  the  current  ceases  to  puss.  This  is  by  no  means  an  easy  matter,  for  the  greater 
part  of  the  wasting  away  takes  place  in  the  carbon  attached  to  the  positive  pole  of 
the  battery ;  and  their  wasting  depends,  to  a  certain  extent,  on  the  goodness  or  bad- 
ness of  the  carbon.  Hence  the  electric  light  is  very  frequently  unsteady ;  and  even 
if  it  be  steady,  it  is  difficult  to  keep  the  bright  point  in  the  same  position  with  re- 
gard to  lenses  or  other  optical  apparatus  that  may  be  in  use. 

The  best  method  of  maintaining  a  constant  light  is  perhaps  that  of  Dubcecq,  in 
which  the  carbon  points  are  constantly  moved  nearer  to  each  other  by  means  of 
clockwork.  The  positive  carbon  proceeds  at  double  the  rate  of  the  negative  carbou, 
by  means  of  a  rack  movement  with  unequal  wheels.  The  points  ore  thus  constantly 
urged  forward,  and  would  touch  each  other  tfere  it  not  for  the  following  arrangement : 
The  current,  on  passing  between  the  points,  enters  a  coil,  in  the  core  of  which  is  a 
■oft  iron  bar,  which  thus  becomes  a  temporary  magnet.  It  attracts  a  keeper ;  and 
to  the  keeper  is  attached  a  pin,  which  locks  into  a  ratchet  wheel, 
and  stops  tne  clockwork.     The  points  are  then  stationary  as  long  as  m_  on 

the  current  is  passing;  but  as  soon  as  the  distance  between  the  points 
becomes  so  great  that  the  current  can  no  longer  pass,  the  iron  ceases 
to  be  a  magnet ;  the  keeper  is  let  off,  and  the  clockwork  again 
thrown  into  action ;  the  points  then  move  up  a  short  dislanco.  Again 
the  current  passes,  the  keeper  is  attracted,  and  the  clockwork  locked ; 
and  these  actions  occur  so  rapidly  in  a  good  apparatus,  and  with  a 
good  battery,  that  the  light  is  kept  sensibly  uniform.  The  light  is 
generally  placed  within  a  lantern,  furnished  with  lenses  and  openings 
of  different  forms  suitable  for  optical  experiments. 
Lamp,  Monoehromatio.  See  Monochromatic  Lamp, 
Lamp,  Safety.  A  lamp  devised  by  Sir  Humphry  Davy,  as  a 
result  of  a  long  series  of  investigations  into  the  nature  and  com- 
munication, of  flame,  which  will  burn  and  give  light  in  the  explosive 
atmosphere  of  a  coal-mine  without  setting  fire  to  the  explosive  gas 
surrounding  it.  (Fig.  86.)  Sir  H.  Davy's  researches  had  shown  him 
that  the  flame  of  an  explosive  mixture  of  gas  and  air  would  not 
pass  through  long  narrow  tubes.  Upon  diminishing  the  length, 
and  increasing  the  number  of  the  tubes,  the  flame  still  refused  to 
pass,  until  he  ultimately  found  that  wire  gauze  was  sufficient  to 

E event  the  explosion  communicating  from  one  side  to  the  other. 
e  therefore  surrounded  an  oil  lamp  with  fine  wire  gauze,  and 
found  that  sufficient  light  came  through  the  gauze  to  enable  the 
miner  to  work  by,  whilst  the  flame  was  unable  to  communicate  ig- 
nition to  the  explosive  fire-damp  in  which  it  might  happen  to  be 
Immersed  in  the  galleries  of  a  coal-mine.  Many  improvements  in 
detail  have  since  been  made,  but  the  principle  of  the  safety-lamp  now  in  use  is  the. 
same  as  that  of  the  one  first  made  by  Davy. 
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Lamp,  Volta's  Electric.  An  instrument  in  which  a  jet  of  hydrogen  is  kindled 
by  an  electric  spark.  It  consists  of  two  parts — one,  an  apparatus  for  generating 
hydrogen  from  sulphuric  acid  and  zinc,  in  which  an  arrangement  is  made  for  remov- 
ing the  acid  from  contact  with  the  zinc;  by  the  pressure  of  the  hydrogen  itself,  as 
the  gas  is  generated.  Thus,  a  reservoir  of  hydrogen  is  filled,  and  then  the  action 
ceases.  To  the  reservoir  is  attached  a  stopcock,  by  which  the  hydrogen  can  be 
allowed  to  jet  out,  and  the  handle  which  tarns  the  stopcock  lifts,  at  the  same  time, 
by  means  of  a  wire,  the  top  plate  of  an  elect rophorus.  A  spark  is  brought  by 
this  wire  to  pass  in  front  of  the  hydrogen,  which  has  begun  to  issue,  and  which  is 
thus  ignited. 

Lane's  Discharger  (Electric).    See  Discharger,  Universal. 

Lanthanum,  (lartkuvt*,  to  lie  hid.)  A  metallic  element  occurring  with  cerium 
and  didymium,  and  deriving  its  name  from  its  having  been  hidden  in  oxide  of 
cerium,  which  was  originally  supposed  to  be  the  oxide  of  a  single  metal.  It  was 
discovered  by  Mosander  in  1839,  and  in  1841  he  showed  that  his  lanthanum  of 
1839  contained  another  metal,  which  he  called  didymium  (or  the  twin).  The  sepa- 
ration of  oxides  of  lanthanum  and  didymium  is  exceedingly  difficult.  The  atomic 
weight  of  lanthanum  is  92,  and  its  symbol  La.  When  pure,  its  salts  are  quite 
colorless,  but  a  trace  of  didymium  imparts  a  rose  tinge  to  them.  Metallic  lantha- 
num is  a  soft  malleable  white  metal  tolerably  permanent  in  the  air;  it  forms  a  pro- 
toxide (LaO)  which,  uniting  with  acids,  forms  colorless  crystallizable  salts,  which 
are,  for  the  most  part,  soluble  in  water.  Lanthanum  also  unites  with  chlorine  and 
the  elements  of  that  group. 

Lapis  Infernalifl.    See  Nitrates  ;  Nitrate  of  Silver. 

Larmes  Bataviques.    See  Prince  Rupert's  Vrops. 

Latent  Heat.  (Lateo,  to  lie  hid.)  When  substances  pass  from  the  solid  to  the 
liquid  condition,  and  from  the  liquid  to  the  gaseous  condition,  they  absorb  heat.  A 
liquid  is  a  solid  plus  heat ;  a  gas  is  a  liquid  plus  heat.  The  heat  thus  absorbed  does 
not  appear  as  sensible  heat,  but  is  consumed  in  conferring  potential  energy  upon  the 
molecules.  It  thus  ceases  to  exist  as  heat,  and  by  the  older  writers  it  was  considered 
to  be  hidden  in  the  substance  to  which  it  was  communicated,  and  hence  received  the 
name  of  latent  heat.  Latent  heat  was  discovered  by  Dr.  Black,  of  Edinburgh,  in 
IV  60 ;  the  term  is  still  generally  retained  in  science,  although  the  significance  of  it, 
as  Black  understood  it,  has  passed  away. 

If  we  take  a  block  of  ice  possessing  a  temperature  of,  say  — 20°  C,  insert  within 
it  a  thermometer,  and  then  communicate  heat  to  the  ice,  we  shall  observe  that  the 
temperature  will  rise  to  0°  C,  which  is  the  melting  point  of  ice,  and  will  remain 
stationary  until  the  last  particle  of  ice  has  been  melted.  Ice  at  0°  C.  becomes  con- 
verted into  water  at  0°  C,  and  the  whole  of  the  communicated  heat  has  been  ab- 
sorbed in  changing  the  condition  of  the  substance.  This  is  called  the  latent  heat 
of  liquefaction  ;  and  water  at  0°  C.  may  be  described  as  ice  at  0°  C.  plus  the  latent 
heat  of  liquefaction.  This  heat  has  been  consumed  in  overcoming  the  attraction  of 
the  molecules  of  ice,  and  in  causing  them  to  assume  different  relative  positions.  In 
order  to  liquefy  ice  an  amount  of  heat  is  requisite  sufficient  to  raise  an  equal  weight 
of  water  through  79.25°  C.  (or  142.65°  F.j,  or,  otherwise  expressed,  to  raise  79.25 
times  that  weight  of  water  through  1°  C.  This  is  the  latent  neat  of  water,  and  it 
has  been  variously  estimated ;  according  to  Lavoisier  and  Laplace,  it  is  135°  F. ; 
Dr.  Black  estimated  it  at  140°  F. ;  Cavendish  at  150°  F. ;  and  De  la  Prevostaye 
and  Desains  at  142.65°  F. ;  it  may  be  safely  taken  as  between  142°  and  143°  F. 
If  a  pound  of  ice-cold  water  (32°  F.)  is  mixed  with  a  pound  of  boiling  water  (212° 
F.)  the  temperature  of  the  resulting  mixture  will  be  122°  F.,  which  is  the  mean  of 

the  two  temperatures  (*tblf  F.  =  122°  F.).    But,  if,  on  the  other  hand,  a  pound  of 

ice  at  32°  F.  ifl  mixed  with  a  pound  of  boiling  water,  the  temperature  of  the  resulting 
mixture  will  be  51°  F.,  but  the  ice  will  be  melted.  In  the  one  instance  we  have  two 
pounds  of  water  at  122°  F.,  in  the  other  two  pounds  of  water  at  51°  F.  Now  122°  — 
51  =  71°  F.,  hence  the  absolute  difference  in  the  amount  of  heat  is  that  competent  to 
raise  two  pounds  of  water  through  71°  F.  or  one  pound  through  142°  F.,  and  this  has 
been  consumed  in  liquefying  the  pound  of  ice.  This  experiment  may  be  modified 
by  placing  a  pound  of  ice  at  32°  F.  in  a  pound  of  water  at  174.65°  F.,  when  the  ice 
will  be  meltca,  and  the  temperature  of  the  resulting  mixture  will  be  32°  F.  Black 
first  endeavored  to  determine  the  latent  heat  of  water,  by  placing  ice  at  32°  F.  and 
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water  at  32°  P,  in  an  atmosphere  of  the  same  temperature,  and  noticing  the  gain 
of  heat  by  each.  The  water  and  ice  were  placed  in  precisely  similar  vessels,  sus- 
pended in  a  room  the  temperature  of  which  was  64°  F. ;  in  half  an  hour  the  water 
had  gained  7.2°  F.,  while  the  ice  had  not  melted,  and  it  did  not  attain  the  same 
temperature  before  the  lapse  of  10£  hours,  although  the  gain  of  heat  by  each  vessel 
most  obviously  have  been  the  same  throughout.  Ueuce  the  ice  had  required 
10.5  X  2  =»  21  times  as  much  heat  to  melt  it  and  raise  it  to  7.2°  F.,  as  was  necessary 
to  raise  the  same  weight  of  ice-cold  water  to  7.2°  F.,  and  the  total  quantity  of  heat 
imparted  to  the  ice  was  therefore  21  x  7.2  =  151.2°,  7.2°  of  which  had  been  em- 
ployed in  raising  the  temperature,  and  144°  in  fusing  the  ice. 

The  latent  heat  of  liquefaction  varies  with  the  nature  of  the  substance ;  all  solids 
which  can  be  liquefied  by  heat  behave  like  ice ;  thus  if  lead  is  heated  the  tempera- 
ture of  the  mass  will  rise  until  it  attains  594°  F.,  when  the  lead  will  commence  to 
toe,  and  the  temperature  will  remain  constant  until  every  particle  is  fused.  The 
latent  heat  of  fusion  is  an  expression  sometimes  used  to  denote  the  heat  thus  ab- 
sorbed, simply  because  liquefaction  is  generally  applied  to  solids  which  ordinarily 
exist  in  the  liquid  form,  and  fusion  to  solids  which  usually  exist  in  the  solid  form, 
and  require  a  greater  or  less  elevation  of  temperature  before  they  change  their  con- 
dition. M.  Person  has  determined  the  latent  heat  of  fusion  of  the  substances  con- 
tained in  the  following  table,  given  by  Lardner.  The  unit  expressing  the  latent 
heat  is  the  amount  of  heat  competent  to  raise  the  same  weight  of  water  from  32°  to 
330  R 


Names  of  Substances. 

Fusing 
points. 

Latent  heat 

for  unit  of 

weight. 

Names  of  Substances. 

Faring 
points. 

Latent  heat 

for  n nit  of 

weight. 

Chloride  of  caleinm    . 
Phosphate  of  soda 
Phosphorus .       . 

Bs#s  vaz   •       •       • 
Bolphor 

83.3°  F. 

97.5 
111.6 
143.6 
839.0 

82.43 
98.37 
8.48 
78  32 
16.51 

Tin    ... 
Bismnth  . 
Nitrate  of  soda 
Lead .... 
Zino  .... 

455.00  F. 
518.0 
690  9 
629.6 
793.4 

25.74 

22.32 

113  36 

9.27 

49.43 

Let  us  next  consider  the  latent  heat  of  vaporization.  "When  water  is  heated  it 
rises  in  temperature  until  it  attains  the  boiling  point  (100°  C.  or  212°  F.).  On  con- 
tinuing to  heat  it  there  is  no  further  rise  of  temperature,  but  the  water  is  converted 
into  water-gas  or  steam.  The  heat,  which  is  absorbed,  is  entirely  consumed  in  sepa- 
rating the  molecules  of  water  against  their  own  attraction,  and  the  pressure  of  the 
superincumbent  atmosphere.  The  heat  thus  absorbed  is  called  the  latent  heat  of 
vaporization,  and  steam  at  100°  C.  may  be  described  as  water  at  100°  0.  plus  the 
latent  heat  of  vaporization.  In  order  to  convert  a  given  weight  of  water  at  100°  O. 
into  steam  at  100°  0.  an  amount  of  heat  is  requisite  sufficient  to  raise  an  equal 
weight  of  water  through  537.2°  0.  (or  967°  F.),  or  537.2  times  that  weight  of  water 
through  1°  0.  This  is  called  the  latent  heat  of  steam.  Any  given  weight  of  water 
existing  as  steam  at  100°  C,  therefore,  contains  as  much  latent  heat  as  would  raise 
5.37  times  its  own  weight  of  water  from  the  freezing  to  the  boiling  point.  This  may 
be  roughly  shown  by  the  following  means.  Suppose  we  have  a  vessel  containing 
water  at  0°  C,  and  that  we  heat  it  by  some  perfectly  uniform  source  of  heat,  and 
note  the  time  at  which  the  water  commences  to  boil,  and  the  time  at  which  it  is  en- 
tirely converted  into  steam,  it  will  now  be  found  that  if  the  time  necessary  to  raise 
the  water  from  the  freezing  to  the  boiling  point  be  represented  by  1 ;  the  time  neces- 
sary to  convert  it  from  water  at  100°  0.  into  steam  at  100°  C.  will  be  5.3  times  as 
great. 

Now,  the  heat  which  is  rendered  latent  by  liquefaction  reappears  again  on  solidi- 
fication ;  and  the  heat  which  was  rendered  latent  by  vaporization  reappears  again 
on  liquefaction.  Heat  must  be  abstracted  from  water  before  it  becomes  ice.  and 
from  steam  before  it  can  become  water.  The  heat  which  is  given  out  on  solidifica- 
tion may  be  made  very  apparent  by  saturated  solutions  of  salts.  If  we  supersatu- 
rate water  with  sulphate  or  soda,  and  allow  the  solution  to  cool  in  a  perfectly  still 
place  and  in  a  closed  vessel,  the  solid  is  not  deposited ;  but  on  agitating  the  vessel, 
or  introducing  a  crystal  of  the  sulphate,  solidification  at  once  commences,  and  the 
latent  heat,  absorbed  during  the  liquefaction  of  the  solid  sulphate,  is  given  out,  and 
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is  quite  perceptible  to  the  touch.  By  using  saturated  solutions  of  acetate  of  soda, 
Mr.  Tomlinson  has  found  a  rise  of  temperature  of  no  less  than  67°  F.  on  the  solidi- 
fication of  the  substance. 

The  mechanical  value  of  latent  heat  is  very  considerable.  Tyndall  has  calculated 
the  actual  amount  of  work  represented  by  the  changes  which  water  undergoes :  First, 
when  8  lbs.  of  oxygen  combine  with  1  lb.  of  hydrogen  to  form  9  lbs.  of  steam ; 
secondly,  when  the  9  lbs.  of  steam  give  up  their  latent  heat  and  become  9  lbs.  of 
water ;  thirdly,  when  the  9  lbs.  of  water  give  up  their  latent  heat  and  become  9  lbs. 
of  ice.  The  first  he  reckons  as  mechanical  work  equal  to  the  raising  of  47,000,000 
pounds  one  foot  high ;  the  rest  we  will  give  in  his  own  words :  "  After  combination, 
the  substance  is  in  a  state  of  vapor,  which  sinks  to  100°  C,  and  afterwards  con- 
denses to  water.  In  the  first  instance,  the  atoms  fall  together  to  form  the  compound ; 
in  the  next  instant  the  molecules  of  the  compound  fall  together  to  form  a  liquid. 
The  mechanical  value  of  this  act  is  also  easily  calculated :  9  lbs.  of  steam  in  falling 
to  water  generate  an  amount  of  heat  sufficient  to  raise  537.2  x  9  =»  4835  lbs.  of 
water  1°  C,  or  967  x  9  =  8703  lbs.  1°  F.  Multiplying  the  former  number  by  1390, 
or  the  latter  by  772,  we  have,  iu  round  numbers,  a  product  of  6,720,000  foot-pounds, 
as  the  mechanical  value  of  the  mere  act  of  condensation.  The  next  great  fall  is 
from  the  state  of  liquid  to  that  of  ice,  and  the  mechanical  value  of  this  act  is  equal 
to  993.564  pounds.  Thus  our  9  pounds  of  water,  at  its  origin  and  during  its  pro- 
gress, falls  down  three  great  precipices :  the  first  fall  is  equivalent  in  energy  to  the 
descent  of  a  ton  weight  down  a  precipice  22,320  feet  high ;  the  second  fall  is  equal 
to  that  of  a  ton  down  a  precipice  2900  feet  high ;  and  the  third  is  equal  to  the  fall 
of  a  ton  down  a  precipice  433  feet  high.  I  have  seen  the  wild  stone  avalanches  of 
the  Alps,  which  smoke  and  thunder  down  the  declivities  with  a  vehemence  almost 
sufficient  to  stun  the  observer.  I  have  also  seen  snow-flakes  descending  bo  softly  as 
not  to  hurt  the  fragile  spangles  of  which  they  were  composed,  yet  to  produce,  from 
aquous  vapor,  a  quantity,  which  a  child  could  carry  of  that  tender  material,  demands 
an  exertion  of  energy  competent  to  gather  up  the  shattered  blocks  of  the  largest 
stone  avalanche  I  nave  ever  seen  and  pitch  them  to  twice  the  height  from  which 
they  fell." — Heat,  a  Mode  of  Motion,  (See  also  Specific  Heat;  Internal  Work 
of  a  Mass  of  Matter.) 

Lateral  treasure  of  Liquids.  It  is  clear  that,  since  liquids  transmit  pressure 
equally  in  all  directions  (see  Pressure  through  Liquids),  if  we  examine  the  pressure 
on  a  very  small  unit  of  surface  at  the  edge  of  the  base  of  a  vessel  containing  liquid, 
and  that  on  the  neighboring  unit  of  surface  on  the  side,  these  pressures  must  be 
equal,  and  each  equal  to  the  weight  of  the  column  of  liquid,  Having  for  base  the  unit 
of  surface,  and  for  height  the  depth  of  the  liquid.  If  we  draw  an  imaginary  plane 
through  the  liquid,  horizontally,  at  any  depth,  it  is  manifest  that  the  liquid  beneath 
this  plane  acts  towards  the  liquid  above  it  precisely  like  a  rigid  bottom,'  receiving 
pressure  from  above,  and  resisting  that  pressure  by  dint  of  the  support  it  receives 
irom  below.  Accordingly,  every  unit  of  surface  of  such  a  plane,  and,  therefore,  one 
at  the  edge  is  pressed  oy  a  column  of  liquid  reaching  from  the  plane  to  the  upper 
surface  ;  so,  also,  is  the  neighboring  unit  of  surface  on  the  vessel's  side.  Since  the 
weight  of  such  columns  vary  directly  with  their  height,  it  follows  that  the  pressure 
on  a  unit  of  surface  of  the  side  of  a  vessel  varies  with  the  depth  of  that  unit  from  the 
surface ;  such  pressure  being  nothing  at  the  surface  ;  the  weight  of  a  column  equal 
to  the  vessel's  depth,  at  the  bottom ;  half  this  half-way  down,  and  so  on.  Dykes  and 
embankments  which  have  to  resist  the  pressure  of  masses  of  deep  water  have  accord- 
ingly to  be  made  thicker  towards  the  bottom. 

Lateral  Shock.  A  name  given  to  an  effect  of  electrostatic  induction,  whereby 
a  shock  is  experienced  by  a  person  standing  near  where  a  powerfully  charged  bat- 
tery of  Leyden  jars  is  discharged. 

Lathe.  A  machine  for  turning  wood,  ivory,  or  metals.  It  consists  of  two  parallel 
shafts ;  the  lower  one  of  which  forms  the  axle  of  a  large  wheel,  and  is  bent  at  one 
point  into  a  crank,  so  as  to  be  turned  by  a  treadle  ;  the  upper  one  forms  the  axis  of 
a  small  wheel  termed  a  mandrel.  A  cord  passes  round  the  large  wheel  and  mandrel, 
so  that  the  rotation  of  the  former  produces  a  rapid  motion  in  the  latter.  The  end 
of  the  mandrel  spindle  has  a  screw  for  holding  the  material  to  be  turned.  Before 
the  screw  is  a  platform  or  rest  on  which  the  cutting  tool  is  placed.  The  mandrel  is 
usually  compound,  being  formed  of  three  or  more  grooved  wheels  of  different  sizes. 
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One  revolution  of  the  large  wheel  will  produce  as  many  revolutions  of  the  small 
wheel  as  the  circumference  of  the  former  contains  that  of  the  latter,  or  as  the 
diameter  of  the  first  contains  the  diameter  of  the  second,  hence  when  a  very  rapid 
motion  is  required  the  smallest  wheel  of  the  mandrel  is  used.  When  the  treadle  is 
worked,  the  tool,  which  is  pressed  against  the  body,  and  held  firmly  on  the  rest,  cuts 
out  a  circle,  and  by  varying  the  position  of  the  tool,  the  material  is  reduced  to  the 
required  shape.  The  lathe  is  a  very  ancient  instrument.  Diodorus  Siculus  mentions 
it  as  an  invention  of  Talus ;  Pliny  ascribes  it  to  Theodorus  of  Samos,  and  mentions 
one  Thericles  as  having  rendered  himself  famous  by  his  dexterity  in  managing  the 
lathe. 

fctitade.  (Latitudo,  breadth.)  In  astronomy  the  term  latitude  is  used  in  two 
ent  senses.  The  latitude  of  a  star  or  planet  is  its  distance  from  the  ecliptic, 
measured  on  the  arc  of  a  great  circle  passing  through  the  poles  of  that  circle.  But 
the  most  importaut  use  of  the  term  latitude  in  astronomy  is  that  which  has  reference 
to  terrestrial  or  geographical  latitude,  the  observations  for  determining  the  latitude 
of  a  place  on  the  earth's  surface  entering  largely  into  the  work  of  the  astronomer. 
The  terrestrial  latitude  of  a  station  is  the  distance  of  a  place  from  the  equator, 
measured  by  the  angle  which  the  horizon-plane  of  the  place  makes  with  the  earth's 
axis,  or  (which  is  the  same  thing)  by  the  real  elevation  of  that  pole  of  the  heavens 
which  is  visible  at  the  place. 

The  latitude  of  a  place  is  determined  in  several  ways  by  the  astronomer. 

First,  by  observing  the  elevation  of  the  pole  star,  corrected  for  the  effects  due  to 
the  motion  of  this  star  around  the  real  pole  of  the  heavens. 

Again,  the  latitude  of  a  place  may  be  determined  by  observing  the  elevation  of 
any  known  star  when  on  the  meridian ;  for  we  have  only  to  add  the  observed  merid- 
ional elevation  to  the  north  polar  distance  of  the  star  (which  is  known),  and  to  de- 
duct the  sum  from  180°,  in  order  to  learn  the  elevation  of  the  pole — that  is,  the 
latitude. 

Thirdly,  the  latitude  may  be  determined  by  observing  the  meridional  altitude  of 
circumpolar  stars  above  and  below  the  pole,  the  mean  of  these  altitudes  being  obvi- 
ously tne  altitude  of  the  pole — that  is,  tne  latitude. 

Fourthly,  an  extra-meridional  observation  of  a  star's  altitude  at  a  known  hour 
gives  the  means  of  determining  the  latitude,  because,  knowing  (1)  the  polar  distance 
of  the  star,  (2)  the  zenith  distance  at  the  time,  and  (3)  the  hour  angle,  spherical 
trigonometry  snows  us  how  to  determine  the  remaining  elements  of  the  spherical 
triangle  having  the  star,  the  zenith,  and  the  pole  of  the  heavens  at  its  angular  points. 
One  of  these  elements  is  the  zenith-distance  of  the  pole,  or  the  co-latitude. 

Fifthly,  the  latitude  can  be  determined  by  observations  of  a  star's  altitude  when 
on  the  prime  vertical,  the  results  being  more  exact  if  the  observation  is  made  with 
a  carefully  oriented  portable  transit  instrument,  the  star  being  observed  both  during 
its  eastern  and  western  passages  of  the  prime  vertical. 

Another  method,  called  Sumner's,  depends  on  altitude  observations  made  at  in- 
tervals of  an  hour  or  two. 

In  all  these  methods,  each  observation  must  be  carefully  corrected  for  atmospheric 
refraction,  etc 

Lastly,  the  latitude  of  a  station  may  be  found  bv  observing  the  meridian  altitude 
of  the  sun  at  the  time  of  the  winter  or  summer  solstice,  and  adding  or  subtracting 
the  obliquity  of  the  ecliptic  to  obtain  the  sun's  meridian  altitude  at  an  equinox.  This 
altitude  is  clearly  equal  to  the  co-latitude  of  the  place. 

Law  of  Exchanges.    See  Exchanges,  Law  of;  and  Spectrum  Analysts. 

Laws  Of  Friction.  1-  When  the  materials  composing  the  surfaces  in  contact  re- 
main the  come,  the  friction  is  proportional  to  the  pressure.  2.  Friction  is  indepen- 
dent of  the  extent  of  the  surfaces  in  contact.  3.  When  the  body  is  in  motion,  the 
friction  is  independent  of  the  velocity.     (See  Friction.) 

Laws  of  Motion.  Three  mechanical  maxims  which  were  embodied  by  Newton  in 
three  formularies,  and  termed  by  him  the  Laws  of  Motion.  They  have  attained 
great  celebrity  in  the  history  of  mechanical  science,  and  although  they  have  lost 
much  of  their  importance  in  consequence  of  the  more  general  diffusion  of  the  princi- 
ples of  the  inductive  sciences,  yet  they  are  entitled  to  notice,  together  with  illustra- 
tions of  the  kind  of  evidence  on  which  their  truth  depends. 

Law  I.  Every  body  continues  in  its  state  of  rest,  or  of  uniform  speed  in  a 
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straight  line,  except  in  so  far  as  it  may  be  compelled  by  impressed  forces  to  change 
that  state. 

If  a  stone  be  projected  along  a  level  road,  the  speed  with  which  it  leaves  the  hand 
will  not  be  maintained,  but  will  be  gradually  diminished,  until  finally  the  stone  will 
stop  in  its  course.  If,  instead  of  the  road,  the  frozen  surface  of  a  lake  be  chosen,  the 
same  stone  thrown  with  the  same  force  will  travel  much  farther  on  the  ice  than  on 
the  road.  And  if,  instead  of  the  irregular  stone,  we  roll  a  smooth  ball  of  ivory  on 
the  ice,  the  distance  traversed  will  be  greater  still.  It  is  evident,  therefore,  that  the 
stone  is  gradually  stopped  by  the  resistances  it  encounters.  Similarly,  whenever  ft 
body  ceases  to  move,  it  does  so  because  its  motion  is  destroyed  by  the  resistances  it 
meets  with.  The  more  we  diminish  these  resistances,  the  longer  and  the  farther  will 
the  body  move  ;  and,  consequently,  if  we  imagine  that  they  are  all  suppressed,  we 
shall  be  led  to  the  conclusion  that  the  body  under  these  circumstances  would  con- 
tinue to  move  for  an  indefinite  length  of  time ;  in  other  words,  that  a  body  cannot  of 
itself  alter  its  speed,  nor  can  it  change  the  direction  of  its  motion.  If  no  obstacle  be 
encountered  in  its  course,  the  ivory  ball  thrown  on  the  ice  will  turn  neither  to  the 

0  right  nor  the  left.  It  is  true  that  a  stone  thrown  into  the  air  returns  to  the  ground, 
but  this  is  because  its  weight  tends  constantly  to  bring  it  to  the  earth.  Conceive 
the  weight  and  the  resistance  of  the  air  removed,  and  the  stone  will  continue  to  move 
in  a  straight  line  with  uniform  speed. 

Thus  it  is  evident  that  when  a  body  is  not  acted  upon  by  any  external  agent,  if  it 
be  at  rest  it  will  remain  so,  and  if  it  be  in  motion  it  will  continue  to  move  in  the 
same  straight  line  with  uniform  speed. 

Law  II.  Change  of  motion  is  proportional  to  the  impressed  force,  and  takes 
place  in  the  direction  of  the  straight  line  in  which  the  force  acts. 

When  a  person  is  on  board  a  boat  which  is  moving  uniformly  along  a  stream,  any 
movement  ne  makes  produces  exactly  the  same  effect  as  if  the  boat  were  at  rest 
When  a  stone  is  let  fall  from  a  point  on  land  it  falls  in  the  direction  of  the  vertical, 
and  when  a  stone  is  let  fall  from  the  mast  of  a  ship  in  motion,  it  reaches  the  deck  at 
the  point  vertically  below  the  starting  point  Now  the  stone  falls  from  the  mast 
to  the  deck  in  the  same  time  whether  the  vessel  be  at  rest  or  in  motion  ;  again,  if 
the  vessel  passes  horizontally  through  any  distance,  three  feet  suppose,  during  the 
fall  the  stone  also  passes  through  three  feet  horizontally — that  is,  through  the  same 
space  as  it  would  have  passed  through  had  it  remained  at  the  top  of  the  mast.  We 
conclude,  therefore,  that  the  horizontal  motion  due  to  the  velocity  of  the  vessel,  and 
the  vertical  motion  due  to  the  attraction  of  the  earth,  have  each  their  full  effect  in 
their  own  direction — that  is  to  say,  in  the  resultant  motion  the  stone  is  displaced 
horizontally  in  a  certain  time,  exactly  as  if  its  vertical  motion  did  not  exist,  and  it  is 
displaced  vertically  in  the  same  time  as  if  its  horizontal  motion  did  not  exist. 

6n  the  First  and  the  Second  Laws  the  theory  of  the  motion  of  the  heavenly  bodies 
is  based,  and  the  uniform  agreement  of  the  deductions  from  these  laws  and  observa- 
tions in  astronomy  is  one  of  the  strongest  confirmations  of  their  truth. 

Law  III.  To  every  action  there  is  always  an  equal  and  contrary  reaction,  or 
the  mutual  actions  of  any  two  bodies  are  always  equal  and  oppositely  directed  in 
the  same  straight  line. 

When  the  pressure  of  one  body  produces  the  motion  of  another,  the  first  is  pressed 
back  by  the  second  with  an  equal  force.  When  the  hand  presses  the  table,  the  hand 
is  pressed  by  the  table  with  an  equal  force  in  the  opposite  direction.  When  a  force 
drives  a  ball  from  a  cannon,  an  equal  force  acts  on  the  cannon  in  the  opposite 
direction. 

The  law  last  enunciated  is  Newton's  Third  Law ;  it  is  usual  now  to  give  as  the 
Third  Law  the  following  principle,  which  is  an  extension  of  the  Second  Law:  When 
pressure  produces  motion,  the  acceleration  varies  directly  as  the  pressure,  and 
inversely  as  the  mass  moved.    (See  Mass,  and  AttwoooVs  machine.) 

Lead.  A  metallic  element,  atomic  weight  207,  symbol  Pb,  from  its  Latin  name 
Plumbum.  It  was  known  to  the  ancients,  and  very  rarely  occurs  native ;  it  is  of  a 
bluish-gray  color,  very  soft  and  sectile,  and  easily  rolled  out ;  its  tenacity  is  very 
slight ;  rubbed  upon  paper  it  leaves  a  streak.  A  freshly  cut  surface  is  very  brilliant, 
but  it  rapidly  tarnishes.  Lead  crystallizes  in  octahedrons ;  its  specific  gravity  in 
the  pure  state  is  11.44;  it  melts  at  about  325°  0.  (617°  F.),  and  volatilizes  at  a  red 
heat ;  when  melted  it  rapidly  oxidizes,  the  oxide  forming  a  yellow  powdery  coating ; 
at  a  higher  temperature  the  oxide  melts  and  protects  the  metallic  surface  from  fur- 
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ther  action.  Lead  is  easily  reduced  to  the  metallic  state  by  heating  its  oxygen 
compounds  with  a  reducing  agent,  such  as  carbon.  The  ores  of  lead  may  be  divided 
into  oxidized  ores  and  the  sulphide  ;  from  the  latter,  or  Galena,  most  of  the  lead  of 
commerce  is  obtained.  The  oxidized  ores  are  the  carbonate  of  lead  or  cerustte, 
which  occurs  in  white  fibrous  crystals,  the  sulphate  of  lead  or  Angles  tie,  which  also 
occurs  in  crystals,  the  phosphate  of  lead  or  pyromorphite,  which  frequently  occurs 
massive,  and  the  arseniate  of  lead.  These  ores  are  mixed  with  coal  or  coke  and  a 
substantial  substance  to  form  a  flux  with  the  gangue,  and  the  whole  is  then  heated 
either  in  reverberatory  or  cupola  furnaces,  when  reduction  speedily  takes  place,  and 
the  melted  metal  runs  from  the  tap-hole.  Galena  is  reduced  by  roasting  the  ore  in  a 
reyerberatory  furnace  until  it  becomes  partially  converted  into  oxide  or  sulphate. 
The  admission  of  air  is  then  stopped,  and  the  partially  roasted  ore  is  heated  more 
•trbngly,  when  the  absorbed  oxygen  reacts  upon  the  remaining  sulphur  and  forms  sul- 
phurous acid,  the  lead  flowing  off  in  the  metallic  state.  In  this  state  the  lead  is  not 
Sore,  but  requires  refining.  Amongst  the  other  metals  present,  the  most  important 
i  silver,  which,  owing  to  its  great  commercial  value,  is  always  separated  as  com- 
pletely as  possible,  by  a  process  known  as  Pattinson's  process,  or  the  desilverization 
process. 

Pattinson's  desilverization  process  depends  upon  the  very  simple  fact  that  lead 
containing  silver  solidifies  after  melting  at  a  lower  temperature  than  pure  lead,  and 
that  when  the  melted  lead  cools,  the  portions  which  solidify  first  contain  more  silver 
than  the  portion  which  remains  liquid.  The  operation  is  carried  on  somewhat  in  the 
following  manner :  A  row  of  about  ten  large  iron  cauldrons,  each  capable  of  holding 
several  tons  of  lead,  is  arranged  with  furnaces  beneath.  One  near  the  middle  is 
filled  with  melted  lead,  which  is  then  allowed  to  cool  gradually ;  being  constantly 
Stirred  with  a  perforated  ladle ;  the  crystals  which  first  separate  are  ladled  out  and 
transferred  to  the  next  pot,  on  the  right,  whilst  the  portion  which  remains  liquid 
longest  is  transferred  to  the  pot  on  the  left ;  in  this  manner  a  rough  separation  of 
the  lead  is  effected  into  a  richer  and  a  poorer  portion.  Fresh  lead  is  then  added  to 
the  centre  pot,  and  the  operation  is  repeated ;  as  the  pans  on  the  right  and  left  get 
filled  other  workmen  are  occupied  in  the  same  manner  with  them,  ladling  out  the 
argentiferous  crystals  to  the  right,  and  the  poor  liquid  lead  to  the  left.  In  this 
manner  all  the  pans  get  filled,  and  workmen  being  in  front  of  each  there  is  a  constant 
circulation  of  argentiferous  lead  to  the  right,  and  of  poor  lead  to  the  left,  the  end  pan 
to  the  right  ultimately  getting  all  the  silver,  and  the  end  pan  to  the  left  getting  the 
desilverized  lead.  In  this  manner,  a  lead  which  did  not  originally  contain  more  than 
a  few  ounces  of  silver  to  the  ton  becomes  enriched  up  to  200  or  300  ounces  to  the 
ton.  The  silver  is  then  separated  from  this  rich  lead  by  the  process  of  cupellation 
(which  see). 

Oxides  of  Lead.    The  principal  oxides  of  lead  are  the  following : — 

Protoxide  of  Lead.  (rbO.)  This  is  met  with  in  commerce  under  the  names  of 
litharge  and  massicot,  according  to  the  mode  of  preparation  and  the  physical  ap- 
pearance. It  is  a  pale  yellow  or  reddish  crystalline,  scaly  mass,  of  specific  gravity 
9.3,  melting  at  a  red  heat  to  a  dark  red  liquid ;  it  dissolves  in  acids  forming  salts, 
which  are  usually  very  crystalline ;  for  a  description  of  the  most  important,  see  the 
respective  acids.  Protoxide  of  lead  is  soluble  to  a  very  slight  extent  in  pure  water, 
bnt  its  solubility  is  diminished  by  the  presence  of  salts,  such  as  sulphates,  whose 
acids  form  an  insoluble  compound  with  oxide  of  lead.  Caustic  alkalies  also  dissolve 
it.    A  hvdratcd  oxide  of  lead  may  be  prepared  by  precipitation. 

Bed  Oxide  of  Lead  (Pb302),  known  also  as  red  lead  or  minium,  is  a  scarlet 
crystalline  powder  of  specific  gravity  from  8.6  to  9 ;  it  is  extensively  used  as  a  pig- 
ment, and  in  the  manufacture  of  flint  glass.  It  acts  as  a  powerful  oxidizing  agent, 
being  reduced  by  many  reducing  agents  to  the  state  of  protoxide.  This  oxide  does 
not  form  salts. 

Peroxide  of  Lead  (PbO,)  is  a  puce-brown  powder  very  easily  decomposed  by 
bodies  capable  of  uniting  with  oxygen.  Some  organic  substances,  indeed,  take  fire 
when  added  to  it.  It  forms  crystalline  compounds  with  bases,  and  is  on  this  account 
sometimes  called  plumbic  acid. 

Chloride  of  Lead  (PbCL),  a  white  crystalline  body  formed  when  a  soluble  chlo- 
ride is  mixed  with  a  soluble  proto-salt  of  lead.  It  dissolves  in  135  parts  of  cold 
water;  it  is  more  soluble  in  hot,  and  crystallizes  in  long  needles  on  cooling.  It 
melts  below  a  red  heat. 
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Leaning  Towen.  The  permanency  of  leaning  towers,  of  which  those  at  Pisa 
and  Bologna  are  the  most  celebrated,  depends  on  the  fact  that,  notwithstanding  their 
considerable  deviation  from  the  vertical,  the  vertical  through  the  centre  of  gravity 
still  falls  within  the  base.  (See  Centre  of  Gravity;  Equilibrium.)  The  tower 
of  Bologna  is  134  feet  high,  and  a  plumb-line  suspended  from  the  top  from  the  side 
on  which  the  inclination  exists  would  touch  the  earth  at  9  feet  2  inches  from  the 
base ;  in  the  case  of  the  tower  of  Pisa,  315  feet  high,  the  plumb-line  would  touch  the 
ground  at  12  feet  4  inches  from  the  base. 

Leap  Tear.  The  name  given  in  England  to  every  year  in  which  there  are  366 
days.  (See  Bissextile.)  Tne  derivation  of  the  term  has  been  disputed ;  but  there 
seems  little  reason  to  doubt  that  such  a  year  is  called  leap-year  because  all  dates 
for  one  year  after  February  29th  fall,  not  as  usual  on  the  day  of  the  week  next  fol- 
lowing that  on  which  they  had  fallen  in  the  preceding  year,  but  on  the  next  day  but 
one. 

Leidenfrost's  Experiment.  It  was  observed  by  Leidenfrost  that,  if  a  drop  of 
water  is  placed  on  a  red-hot  surface,  it  assumes  the  form  of  a  more  or  less  flattened 
spheroid,  and  evaporates  without  ebullition.  The  spheroid  in  this  condition  does 
not  touch  the  metallic  surface,  but  it  floats  on  a  layer  of  its  own  vapor,  and  evapo- 
rates rapidly  from  its  exposed  surface.  It  is  heated  mainly  by  radiation  from  the 
hot  surface,  because  conduction  is  impossible,  since  the  spheroid  is  not  in  contact 
with  the  hot  surface,  and  the  layer  of  intervening  vapor  conducts  heat  very  feebly. 
The  absorbed  heat  is  almost  entirely  required  for  the  rapid  evaporation  which  takes 

5 lace  from  the  liquid.  This  is  known  as  evaporation  tn  the  spheroidal  condition. 
'here  are  numerous  examples  of  this  action.  If  a  small  metallic  ball  be  heated  to 
whiteness,  and  placed  on  the  surface  of  water,  it  floats  for  a  few  seconds  until  the 
temperature  has  been  lowered  to  such  an  extent  that  the  water  comes  in  contact 
with  it,  when  it  instantly  cools  down  and  sinks.  Again,  in  burning  iron  in  oxygen 
gas,  it  may  often  be  noticed  that  the  white-hot  globules  of  oxide  fall  through  a  layer 
of  one  or  two  inches  of  water,  retaining  meanwhile  their  high  temperature,  whicn  is 
proved  by  the  fact  that  they  sometimes  fuse  themselves  into  the  earthenware  dish  on 
which  the  jar  of  oxygen  stands.  A  ready  mode  of  showing  the  spheroidal  condition 
is  to  heat  a  platinum  dish  to  redness,  and  then  introduce  a  little  water ;  the  latter 
immediately  spreads  out,  and  assumes  a  more  or  less  star-like  form,  which  is  in  con- 
stant motion  while  it  evaporates.  If  the  lamp  is  removed,  the  temperature  of  the 
dish  falls,  until  suddenly  a  loud  hissing  is  heard,  then  a  cloud  of  vapor  rises,  which 
proves  that  the  spheroid  has  come  in  contact  with  the  hot  surface,  and  has  en- 
tered into  momentary  and  violent  ebullition.  That  the  spheroid  is  not  in  contact 
with  the  heated  surface  has  been  proved  by  the  fact,  that  the  light  of  a  candle  can 
be  seen  through  the  thin  layer  of  vapor  which  separates  the  spheroid  from  the  hot 
surface,  while  no  light  could  pass  through  the  blackened  and  opaque  spheroid. 
Moreover,  nitric  acid  assumes  the  spheroidal  condition  on  a  plate  of  hot  copper  or 
silver  without  acting  upon  it.  M.  Boutigny  has  proved  that  the  temperature  of  a 
liquid  in  the  spheroidal  state  is  always  below  its  boiling  point.  The  liquid  never 
attains  this  temperature  so  long  as  it  is  not  in  contact  with  the  surface.  A  liquid 
requires  that  the  surface,  upon  which  it  assumes  the  spheroidal  condition,  should 
possess  a  certain  temperature,  definite  for  each  liquid,  and  decreasing  as  the  volatility 
of  the  liquid  increases.  M.  Boutigny  has  placed  this  temperature  in  the  case  of 
water  at  288°  F.,  and  in  the  case  of  ether  at  142°  F.  A  solid  surface  is  unnecessary, 
for  one  liquid  may  assume  the  spheroidal  state  upon  another.  If  liquid  sulphurous 
acid,  which  boils  at  17.6°  F.,  is  placed  in  a  white-hot  capsule,  it  assumes  the 
spheroidal  condition,  and  evaporates  slowly  ;  if  now  water  is  added,  it  is  instantly 
frozen  in  the  white-hot  capsule.  Faraday  varied  this  experiment  by  freezing  mer- 
cury in  a  white-hot  crucible,  containing  a  mixture  of  ether  and  liquid  carbonic  acid, 
which  evaporates  in  the  spheroidal  condition  at  a  temperature  of  about — 150°  F. 
The  formation  of  a  layer  of  non-conducting  vapor  between  a  hot  surface  and  a  liquid 
explains  why  it  is  possible  to  dip  the  wet  nana  into  molten  iron  with  impunity. 

Lens.  (Lentis,  the  lentil,  so  called  from  its  shape.]  A  lens  is  a  piece  of  glass, 
rock  crystal,  or  other  transparent  substance,  bounded  on  one  side  oy  a  polished 
spherical  surface,  and  on  the  other  by  a  spherical  or  plane  surface.  Lenses  refract 
tne  rays  of  light  which  pass  through  them,  either  bringing  them  to  a  focus,  if  they 
are  converging  lenses,  or  spreading  them  out  if  they  are  diverging  lenses.  Lenses 
may  be  spherical ,  double  convex,  plano-convex,  double  concave,  plano-concave, 
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meniscus,  and  concavo-convex,  each  of  which  is  described  tinder  its  separate  head- 
ing. (See  also  Achromatic  Lens  ;  Aplanatic  Lens  ;  Polygonal  Lens  ;  Burning 
hens;  FresneVs  Lens,)  Convex  lenses,  which  bring  the  parallel  rayB  of  light  to  a 
focus,  form  an  image  of  any  object  which  is  in  front  of  them.  If  the  object  is  removed 
from  the  lens  one  and  a  half  times  its  focal  distance,  the  image  is  projected  the  same 
distance  behind  it,  and  will  be  of  the  natural  size ;  if  the  object  is  brought  nearer, 
the  image  will  be  magnified,  and  if  removed  farther  off  the  image  will  be  diminished. 
By  employing  a  lens  of  long  focus,  and  magnifying  this  image  by  another  lens  of 
short  focus,  we  have  the  principle  of  the  telescope,  and  by  employing  a  lens  of  very 
abort  focus,  and  magnifying  the  enlarged  image  which  it  gives  by  another  short- 
focussed  lens,  we  have  the  principle  of  the  compound  microscope. 

Parallel  rays  of  light  falling  on  converging  lenses  are  brought  to  a  focus,  and  if  a 
source  of  light  is  placed  in  the  principal  focus,  the  rays,  after  passing  through  the 
lens,  are  made  parallel. 

Lens,  Burning.    See  Burning  Lens. 

Lena,  TllTrmiiHitiTig.    See  Illuminating  Lens. 

Lent,  Principal  FOCUS  of.  The  point  at  which  parallel  rays  of  light,  passing 
through  a  convex  lens,  converge  to  a  focus.  Diverging  rays  passing  through  such 
a  lens  come  to  a  focus  beyond  the  principal  focus,  and  converging  rays  to  a  point 
within  the  principal  focus.    (See  Focus.) 

Len^S  Law.  Considering  the  induction  effects  produced  by  the  motion  of  a  wire, 
through  which  a  current  is  passing,  upon  another  wire  formed  into  a  closed  circuit, 
Lenz  was  led  to  give  the  following  law  which  is  known  by  his  name :  "  Whenever 
a  relative  displacement  takes  place  between  a  current  and  a  closed  circuit  in  the 
natural  state,  the  latter  is  traversed  by  an  induced  current,  which  reacts  so  as  to 
determine  a  motion  in  the  opposite  direction,  or,  what  comes  to  the  same  thing, 
which  is  opposite  to  the  curxent,  that  would  produce  the  same  displacement."  Thus, 
when  we  diminish  the  distance  between  two  parallel  wires,  one  of  which  transmits  a 
current,  the  other  forming  a  closed  circuit,  we  obtain  in  the  latter  an  inverse  current; 
but  we  know  (see  Electro-Dynamics)  that  two  parallel  currents  in  opposite  direc- 
tions repel  one  another. 

By  considering  a  magnet,  as  it  is  according  to  Ampere's  theory,  a  solenoid 
traversed  by  a  current  in  a  definite  direction,  the  law  of  Lenz  may  be  extended  to 
include  the  cases  of  currents,  induced  by  the  motion  of  a  magnet  in  the  vicinity  of 
a  closed  circuit.    (See  Induction,  Electro-Dynamic  ;  and  Electro-Dynamics.) 

Leo.  (The  Lion.)  A  sign  of  the  zodiac.  The  sun  enters  this  sign  on  about  the 
22d  of  July,  and  leaves  it  on  about  the  23d  of  August.  The  constellation  of  the 
same  name  occupies  the  zodiacal  region  corresponding  to  the  sign  Virgo.  It  is  one 
of  the  finest  constellations  in  the  heavens,  though  it  has  been  deprived  by  astrono- 
mers of  several  groups  of  stars  originally  forming  part  of  the  leonine  figure.  The 
star  Gamma  Leonis  is  a  fine  binary,  the  components  exhibiting  well-marked  colors — 
the  primary  orange,  the  companion  green.  This  constellation  also  contains  many 
remarkable  nebulae,  especially  where  it  touches  on  the  constellation  Virgo. 

Leo  Minor.  (The  Lesser  Lion.)  One  of  the  constellations  formed  by  Hcvelius, 
for  no  apparent  reason,  so  far  as  one  can  judge,  except  to  please  his  own  fancy.  The 
stars  forming  this  constellation  might  conveniently  have  been  included  either  within 
Ursa  Major  or  Leo.  There  are  few  conspicuous  objects  in  Leo  Minor,  but  to  the 
telescopist  the  constellation  is  full  of  interest,  owing  to  the  number  of  fine  double 
stars  and  other  objects  included  within  its  limits. 

Lepus.  (The  Hare.)  One  of  Ptolemy's  southern  constellations.  It  is  situated 
under  the  feet  of  Orion.  Many  interesting  objects  are  included  within  this  small 
constellation.    One  of  the  most  remarkable  is  the  variable  red  star  B.  Leporis. 

Leslie's  Cube.  Sir  John  Leslie,  in  his  varied  and  elegant  experiments  on  radiant 
heat,  employed  hollow  cubes  of  metal  in  which  water  was  kept  boiling  as  sources 
of  heat  These  are  known  as  "  Leslie's  Cubes,"  and  are  often  employed  when  a  con- 
stant source  of  non-luminous  heat  is  desired.  They  arc  usually  made  of  blackened 
tin,  and  are  from  4  to  6  inches  in  the  side ;  sometimes  they  are  coated  with  various 
metals,  powders,  woollen  materials,  etc.,  to  show  the  variation  in  the  radiative  power 
of  different  substances. 

Leueone.    See  Silicon. 

Levanter.  A  violent  wind  blowing  at  certain  seasons  over  the  eastern  parts  of 
the  Mediterranean  Sea. 
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Level,  Spirit.  If  a  straight  cylindrical  glass  tube,  containing  spirits  of  wine,  be 
Bealcd  at  both  ends,  so  as  to  include  a  small  bubble  of  air,  the  spirit  will  of  course 
occupy  always  the  lower  portion  of  the  tube,  the  air  space  or  bubble  being  at  the 
top.  If  the  tube  be  turned  into  a  vertical  position,  this  arrangement  is  very  quickly 
assumed,  but  if  the  tube  be  nearly  horizontal,  and  be  moved  so  that  one  or  other  end 
is  in  turn  the  lowest,  the  moving  force  will  be  much  less,  while  the  inertia  and  friction 
will  remain  sensibly  the  same,  consequently  the  motion  of  adjustment  will  be  slower. 
Indeed,  if  the  tube  were  perfectly  horizontal,  the  bubble  would  rest  in  indifferent 
equilibrium  at  any  spot  along  its  upper  surface.  That  the  instrument  may  be  less 
sensitive,  and  that  an  approximate  result  may  be  obtained  in  &  short  tune,  it  is 
usual  to  employ  tubes  which  are  slightly  bent—arcs  of  annuli — and  to  fasten  them 
upon  stands  or  feet  having  smooth  fiat  surfaces,  containing  the  chords  of  the  annular 
arc.  Spirit  of  wine  is  employed  instead  of  water,  because  it  is  more  facile  in  its 
motion.  (See  Cohesion  of  Liquids.)  A  flat  surface  may  be  levelled  in  a  horizon- 
tal plane  by  employing  the  level  successively  in  two  directions  at  right  angles  to 
one  another,  since  if  any  two  lines  cutting  one  another  are  horizontal,  the  containing 
plane  is  horizontal. 

Level  Surface  of  Liquids.  The  surface  of  a  liquid  at  rest  is  a  horizontal  plane, 
or  rather  a  portion  of  the  surface  of  the  earth,  which  is  sensibly  a  sphere  of  4000 
miles  radius.  From  Art.  Pressure  through  Liquids  it  is  seen  that  the  level  of  the 
liquid  surface  in  communicating  vessels  is  horizontal.  It  is,  however,  clear  that  the 
case  of  a  single  vessel  may  be  regarded  as  the  extreme  case  of  approximate  vessels, 
so  that  the  same  law  must  be  true  of  the  different  parts  of  the  same  vessel,  as  is 
true  of  different  vessels  in  communication.  Indeed  it  is  obvious  that  the  shape  of 
the  surface  of  a  liquid  in  a  vessel  is  determined  by  the  weight  of  the  liquid,  and:  that 
when  a  liquid  whose  parts  communicate  is  at  rest,  its  centre  of  gravity  is  in  the 
lowest  attainable  position  when,  and  only  when,  the  surface  is  horizontal. 

Level,  Water.  Since  all  portions  of  the  surface  of  a  small  liouid  mass  are  sensi- 
bly in  the  same  horizontal  plane  (See  Level  Surface  of  Liquids),  it  follows  that  if 
we  take  a  long  horizontal  glass  tube,  and  bend  both  its  ends  vertically  upwards,  and 
fill  the  whole  with  so  much  water  that  it  rises  in  both  the  upright  ends,  the  surfaces 
of  the  liquid  in  these  two  upright  ends  will  be  in  the  same  horizontal  plane.  Con- 
sequently if  the  eye  be  placed  on  a  level  with  one  of  these  surfaces,  an  object  seen 
on  a  level  with  the  other  surface  will  be  in  the  same  horizontal  line  with  both.  Such 
is  the  simplest  form  of  a  water  level  used  in  levelling  for  engineering  purposes.  If 
a  graduated  rod  be  placed  vertically  with  one  end  on  the  ground,  so  as  to  be  inter- 
sected by  the  straight  line  joiuing  the  two  liquid  surfaces  in  the  level,  and  if  the 
point  on  the  rod  be  marked  as  zero,  which  is  at  the  same  height  from  the  ground  on 
which  it  rests  as  the  level  surfaces  are  from  the  ground  on  which  they  rest,  then  the 
difference  between  the  height  of  the  ground  on  which  the  staff  is  placed  and  that 
on  which  the  level  can  be  at  once  determined  by  looking  along  the  two  surfaces  and 
seeing  which  division  of  the  staff  is  on  the  same  horizontal  line. 

Lever.  (French,  lever,  to  raise ;  Lat.  levare.)  A  rigid  rod  movable  about  a 
fixed  point,  which  is  called  a  fulcrum.  It  is  a  simple  machine,  in  which  one  force, 
called  the  power,  is  applied  to  overcome  a  resistance  technically  termed  the  weight 
There  are  two  conditions  which  must  be  fulfilled  in  order  that  the  machine  may  be 
in  equilibrium.  (1)  The  resultant  of  the  power  and  weight  must  pass  through  the 
fulcrum ;  and,  (2)  The  resistance  of  the  fulcrum  must  be  equal  ana  opposite  to  the 
resultant,  or,  in  other  words,  the  fulcrum  must  be  capable  of  sustaining  the  pressure 
brought  to  bear  on  it. 

When  the  first  condition  of  equilibrium  is  fulfilled,  the  power  multiplied  by  its 
distance  from  the  fulcrum  is  equal  to  the  weight  multiplied  by  its  distance  from  the 
fulcrum.  When  this  is  the  case  the  lever  will  have  no  tendency  to  turn  round  its 
axis  in  one  direction  or  another,  and  a  very  slight  increase  in  the  power  will  suffice 
to  raise  the  weight. 

The  distances  from  the  fulcrum  are  called  respectively  the  power  arm  and  the 
weight  arm ;  hence  the  above  condition  is  fulfilled  when  the  arms  are  inversely  as 
the  intensities  of  the  power  and  the  weight.  When  the  weight  is  raised,  it  is  obvi- 
ous that  the  arms  describe  arcs,  whose  lengths  are  inversely  as  the  power  to  the 
weight  respectively,  since  arcs  are  proportional  to  the  radii 

Levers  are  of  three  kinds :  in  the  first  the  fulcrum  is  between  the  points  of 
application  of  the  power  and  the  weight ;  in  the  second,  the  weight  is  applied  be* 
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tween  the  fulcrum  and  the  power ;  and  in  the  third,  the  power  is  between  the  ful- 
crum and  the  weight.  The  common  balance,  the  steelyard,  the  crowbar,  are  exam- 
Eles  of  single  levers  of  the  first  kind ;  an  oar  (the  water  reacting  against  the  blade, 
eing  the  fulcrum,  the  boat  the  weight  moved,  and  the  force  exerted  by  the  oarsman 
the  power),  a  wheelbarrow,  a  door  moving  on  its  hinges,  are  of  the  second  kind ;  the 
treadle  of  a  turning  lathe,  and  the  limbs  of  most  animals,  are  of  the  third  kind ; 
thus  the  human  arm  is  a  lever  of  the  third  kind,  moved  by  muscles  attached  near 
the  sockets  of  the  bones,  which  form  the  fulcrum.  Of  course  in  all  levers  of  the 
third  kind  the  power  is  greater  than  the  weight,  and  so  acts  at  a  mechanical  disad- 
vantage ;  therefore  these  levers  are  always  used  where  speed  or  space  is  more  im- 
portant than  mechanical  advantage. 

It  is  not  necessary  that  the  bar  used  as  a  lever  should  be  straight,  or  that  its  arms 
should  be  in  the  same  straight  lino ;  and  the  forces  may  be  either  parallel  or  not 
parallel ;  but  in  all  cases  when  there  is  equilibrium,  the  moments  of  the  forces  about 
the  fulcrum  must  be  equal ;  and  to  ascertain  this  in  bent  levers,  or  when  the  forces 
axe  not  parallel,  perpendiculars  are  let  fall  on  the  directions  of  the  forces  from  the 
fulcrum  and  these  form  the  effective  arms  of  the  lever. 

In  double  levers,  two  bars  are  used,  united  by  a  joint  at  their  fulcrum.  Of  the 
first  kind,  scissors  are  an  example,  the  weight  being  the  resistance  of  the  substance 
to  be  cut,  the  power  being  the  nand  applied  to  the  other  end  of  the  levers.  Of  the 
second  kind,  nut-crackers  are  an  example ;  and  of  the  third,  tongs,  where  the  power 
is  the  hand,  placed  just  below  the  fulcrum.  (See  Balance  ;  Weighing  Machine  ; 
Steelyard  ;    Wheel  and  Axle.) 

LexeU's  Comet.    A  remarkable  comet  of  short  period.    (See  Comets.) 

Libra,  (The  Scales.)  A  sign  of  the  Zodiac.  The  sun  enters  this  sign  on  about 
September  23d,  and  leaves  it  on  about  October  23d.  Its  first  point  marks  the 
place  of  the  autumnal  equinox.  The  constellation  Libra  occupies  the  zodiacal 
region  corresponding  to  the  sign  Scorpio.  There  are  few  conspicuous  stars  in  the 
constellation. 

Libration  of  the  Moon.  (Libratio,  a  poising  balancing  motion.)  An  apparent 
oscillatory  motion  of  the  moon,  which  enables  us  to  see  rather  more  than  half  the 
surface  of  our  satellite.  The  moon's  rotation  on  her  axis  is  uniform,  but  her  orbital 
motion  is  not  uniform  in  a  single  revolution,  nor  are  different  revolutions  performed 
in  the  same  time.  Hence,  though  her  rotation  is  accomplished  in  the  mean  period 
of  a  revolution,  rotation  and  revolution  are  not  completed  at  exactly  the  same  rate. 
Thus  the  same  effect  is  produced  as  though  the  moon,  considered  with  reference  to 
the  earth,  had  a  small  oscillatory  motion  of  rotation  on  her  axis.  It  follows  that 
two  lunes  of  the  moon's  surface  become  visible  in  turn.  Their  extremities  lie  on 
that  diameter  of  the  lunar  disk  which  is  at  right  angles  to  the  direction  of  the 
moon's  motion,  so  that  their  greatest  breadths  lie  on  the  diameter  which  is  in  the 
direction  of  the  moon's  motion.  This  is  called  the  libration  in  lonqitude.  There  is 
another  libration  called  the  libration  in  latitude.  It  is  due  to  the  fact  that  the 
axis  of  the  moon's  rotation  is  not  quite  perpendicular  to  the  plane  of  her  orbit. 
Thus  two  other  lunes  become  visible  by  turns,  whose  extremities  lie  on  that 
diameter  of  the  lunar  disk  which  is  in  the  direction  of  the  moon's  motion,  so  that 
their  greatest  breadth  lies  on  the  diameter  at  right  angles  to  the  former.  Owing 
to  the  moon's  libration,  four-sevenths  of  her  surface  can  be  seen,  instead  of  one-half 
only. 

The  moon's  diurnal  libration  is  a  less  important  libration  due  to  the  earth's 
motion  on  her  axis. 

Liohtenberg's  Figures  (so  called  from  the  name  of  the  observer)  show  a  striking 
difference  between  positive  and  negative  electricity  with  regard  to  the  way  in  which 
they  distribute  themselves  over  the  surface  of  a  non-conductor.  Let  a  glass  plate 
or  a  smooth  plate  of  shell-lac  be  well  dried,  and  let  lines  be  traced  on  it  with  the 
knob  of  a  jar  positively  charged,  and  then  with  a  jar  charged  negatively.  And  let 
a  mixture  of  red  lead  and  sulphur  be  rubbed  together  in  a  warm  mortar,  and  then 
lightly  sifted  over  the  plate.  The  sulphur  becomes  negatively  charged,  and  the  red 
lead  positively  when  they  are  rubbed  together,  and  the  sulphur  therefore  adheres  to 
the  positive  lines  of  the  plate,  and  the  red  lead  to  the  negative  lines.  On  examiuinff 
the  lines  it  will  be  found  that  a  peculiar  difference  exists  between  the  forms  in  which 
the  powders  are  distributed ;  the  sulphur  is  spread  around  the  line  in  branching 
tuft-like  shapes ;  while  the  red  lead  lies  in  circular  and  oval  shaped  spots.  T 
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same  may  also  be  beautifully  shown  by  employing  two  plates  of  shell-lac  similar  to 
those  used  in  the  electrophorous,  and  allowing  a  few  sparks  to  fall  on  one  from  the 
positive,  and  on  the  other  from  the  negative  conductor  of  the  machine ;  on  scatter- 
ing over  each  a  little  fire-brick  dust,  the  forms  are  very  well  displayed 

Light.  ( A.-S.,  leoht,  light ;  Ger.,  licht ;  W.,  Uug;  Goth.,  liukath  ;  L.,  lux,  light ; 
akin  to  Sans.,  16k,  loch,  to  see,  to  shine;  ruch,  to  shine.)  Light  is  the  agent  or 
force  which  excites  in  our  eyes  the  sensation  of  vision,  and  thereby  enables  us  to 
perceive  the  phenomena  of  the  external  world.  There  are  two  theories  of  light,  one 
the  emissive  theory,  according  to  which  light  is  supposed  to  be  due  to  the  shooting 
out  from  the  luminous  body  of  an  infinite  number  of  small  particles  with  inconceiva- 
ble rapidity ;  and  the  other  the  vibratory  theory,  according  to  which  it  is  supposed 
to  be  caused  by  the  undulations  or  vibrations  of  a  highly  elastic  medium  called  the 
luminifcrons  ether.  (See  Vibratory  Theory  of  Light;  Emissive  Thtory  of  Light.) 
Light  moves  in  straight  lines  with  enormous  although  measurable  velocity.  (See 
Velocity  of  Light.)  It  passes  through  transparent  bodies,  whilst  it  is  arrested  by 
opaque  bodies,  casting  shadows.  When  it  falls  upon  a  light  opaque  body  with  a 
rough  surface,  it  is  dispersed  and  scattered  about  in  all  directions,  and  when  it  falls 
upon  a  highly  polished  surface  it  is  reflected  back,  the  angle  of  reflection  being 
equal  to  the  anale  of  incidence.  When  it  passes  obliquely  from  one  transparent 
medium  to  another  of  different  density,  it  is  bent  out  of  its  course  or  refracted,  and 
at  the  same  time  it  is  dispersed  into  different  colors,  constituting  the  spectrum. 
When  a  ray  of  light  just  grazes  the  edge  of  a  dense  substance  in  its  path,  it  is  in- 
flected. When  light  is  reflected  from  a  polished  surface  at  a  particular  angle,  it 
becomes  polarized,  acquiring  new  properties ;  similar  phenomena  of  polarization  are 
produced  when  common  light  is  passed  through  certain  crystals  which  possess  the 
property  of  double  refraction.  Light  may  be  produced  by  chemical  action,  by 
phophorescence,  by  great  heat,  by  crystallization,  and  it  issues  from  celestial  bodies, 
such  as  the  sun  and  6tars,  which  shine  by  their  own  light.  All  the  subjects  here 
briefly  alluded  to  are  treated  of  in  greater  detail  under  appropriate  headings.  For 
the  principal  divisions  the  student  is  referred  to  the  following  articles :  Aberration; 
Absorption;  Activism;  Chromatics;  Circular  Polarization  ;  Colored  Polariza- 
tion; Crystals;  Deflection;  Depolarization ;  Diffraction;  Dispersion;  Double 
Refracting  Crystals;  Emissive  Theory;  Eye;  Fluorescence;  Focus;  Fraun- 
hofer's  Lines  ;  Geissler*s  Tubes  ;  Homogeneous  Light ;  Index  of  Refraction  ;  In- 
terference; Lens  ;  Microscope  ;  Newton's  Rings  ;  Optic  Axis  ;  Phosphorescence  ; 
Photometry  ;  Polarization  of  Light ;  Prism  ;  Reflection  ;  Refraction  ;  Sources 
of  Light;  Spectrum;  Telescope;  Undulatory  Theory  of  Light;  Velocity  of 
Light. 

Light,  Artificial,  Comparative  Cost  of.  Dr.  Frankland,  in  his  lectures  on 
coal  gas  delivered  at  the  Koyal  Institution  in  the  spring  of  1867,  gives  the  follow- 
ing table  of  the  comparative  cost  of  the  light  equal  to  that  emitted  by  20  sperm 
candles,  each  burning  for  10  hours  at  the  rate  of  120  grains  per  hour : — 

.  0    3 

.  3  10 

.  0    6 

.  0    7§ 


Wax. 

Spermaceti 
Tallow 
Sperm  oil  . 
Coal  gas    . 


9.      d. 

7    2£ 

Cannel  gas  . 

6    8 

Paraffin 

2    8 

Paraffin  oil . 

1  10 

Bock  oil 

0    4£ 

light,  Chemical  Action  of.    See  Chemical  Action  of  Light. 
Light,  Chemical  Reactions  Produced  by.    See  Chemical  Reactions  produced 
by  Light. 
Light,  Common.    A  term  applied  to  ordinary  light,  to  distinguish  it  from  light 

which  has  been  polarized. 
Light,  Corpuscular  Theory  of.    See  Corpuscular  Theory  of  Light. 
Light,  Decomposition  o£     See  Decomposition  of  Light. 
Light,  Diffusion  of.    See  Diffusion  of  Light. 
Light,  Electric    See  Electric  Light. 
Light,  Homogeneous.    See  Homogeneous  Light. 
Lighthouse  Lenses.    See  Polygonal  Lens,  and  FresneVs  Lens. 
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Light,  its  Supposed  Influence  on  Combustion.  It  is  an  article  of  popular  be- 
lief that  the  sun  puts  out  the  fire.  It  is  said  that  if  the  fire  be  nearly  out,  and  you 
put  a  screen  before  it,  or  draw  down  the  blind,  or  close  the  window  shutters,  it  will 
immediately  begin  to  revive.  But  it  is  forgotten  that  a  fire  which  looks  dull  or  out, 
in  a  well-lighted  room,  will  appear  to  be  in  tolerable  condition  in  the  same  room 
lrhen  darkened.  It  only  requires  to  be  put  together  to  make  it  burn  up,  and  it 
might  have  done  so  just  as  well  in  the  light. 

If  light  has  any  influence  on  combustion,  a  candle  burning  in  the  sunshine  ought 
to  give  different  results  as  compared  with  one  burning  in  the  shade.  But  in  com- 
paring candles  of  the  same  make  the  light  is  affected  both  in  quantity  and  economy 
by  a  number  of  small  circumstances,  such  as  the  warmth  of  the  room,  the  existence 
of  small  currents  of  air,  the  extent  to  which  the  wick  curls  over,  and  so  on.  In 
testing  the  quality  of  gas  the  standard  defined  by  Act  of  Parliament  is  a  sperm 
candle  of  six  to  the  pound,  burning  at  the  rate  of  120  grains  per  hour.  From  such  a 
standard  we  get  the  terms  "  12-candle  gas,"  *•  14-caudle  gas,"  etc. ;  but,  as  Mr.  Sugg 
has  pointed  out,  the  wick  does  not  always  contain  the  same  number  of  strands ;  they 
are  not  all  twisted  to  the  same  degree  of  hardness ;  the  so-called  sperm  may  vary  in 
composition,  one  candle  containing  a  little  more  wax  than  another,  or  variable  quan- 
tities of  stearinc  or  of  paraffin ;  the  candle  may  have  been  kept  in  store  a  long  or  a 
short  time ;  the  temperature  of  the  store-room  may  have  varied  considerably,  and 
the  temperature  of  the  room  in  which  it  was  burnt  may  have  been  high  or  low.  All 
these  circumstances  affect  the  rate  of  combustion,  irrespective  of  the  action  of  light, 
if  such  action  exist.    (See  Photometry.) 

In  a  series  of  experiments  described  by  Mr.  Tomlinson  (Phil.  Mag.,  Sept  I8C9), 
the  disturbing  causes,  above  detailed,  were  carefully  eliminated.  Great  care  was 
taken  to  insure  identity  of  composition  and  illuminating  power  in  caudles  of  the 
same  name.  Moreover,  sufficient  time  was  allowed  to  make  a  fair  comparison,  cur- 
rents of  air  were  guarded  against  as  much  as  possible,  and  the  temperature  was 
nearly  the  same  in  the  light  as  in  the  dark.  We  quote  the  results  of  two  of  the 
experiments.  In  the  first,  three  hard  and  three  soft  candles  were  burned  each  during 
four  hours  in  a  dark  closet  Similar  sets  of  candles  taken  from  one  and  the  same 
filling  were  burned  during  the  same  time  in  open  daylight,  partly  in  sunlight  The 
average  consumption  per  hour  of  each  candle  was  as  follows : — 

Sperm  in  the  dark 134  grains. 

Sperm  in  the  light 141      " 

No.  2  composites  in  the  dark      .        .        .  133      " 

No.  2  composites  in  the  light     .        .        .  140      " 

In  this  experiment  the  temperature  in  the  light  was  72°,  and  in  the  dark  71°. 
Besides,  in  the  light  there  was  a  much  greater  motion  of  air  than  in  the  dark  closet 
Both  these  circumstances  would  operate  in  producing  a  larger  consumption  of 
candle. 

In  an  experiment  where  the  flames  were  nearly  protected  from  air  currents,  and 
the  temperatures  both  in  the  light  and  in  the  dark  were  nearly  equal,  the  results 
with  No.  2  composites  were — 

In  the  dark        .        .        .    131  grains  per  hour. 
In  the  light        .        .        .129      " 

In  another  experiment  the  increase  of  temperature  caused  by  bright  sunshine  led 
to  more  rapid  burning,  so  that  if  light  has  any  action  it  is  the  reverse  of  that  popu- 
larly supposed. 

Mr.  Tomlinson's  conclusion  is  that  the  direct  light  of  the  sun,  or  the  diffused 
light  of  day,  has  no  action  on  the  rate  of  burning,  or  in  retarding  the  combustion 
of  an  ordinary  candle. 

Light,  Loss  of,  by  Passing  through  Glass  Shades.    See  Loss  of  Light  by 

passing  through  Glass  Shades. 

Light  Lost  by  Eeflection.  Some  light  is  lost  by  reflection  from  the  most  highly 
polished  metallic  surface  ;  the  number  of  reflected  rays  diminishing  as  the  obliquity 
of  incidence  is  diminished.  A  polished  mirror  of  speculum  metal  has  been  found  to 
reflect  64  per  cent,  of  the  incident  light  after  being  many  years  in  use,  and  in  re- 
fracting telescopes  light  is  also  lost  by  reflection  from  the  polished  surfaces  of  the 
glass.    It  has  been  calculated  that  a  refracting  telescope  would  have  to  be  133.73 
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inches  diameter  to  give  as  much  light  as  a  4  feet  Newtonian,  not  taking  into  account 
the  light  absorbed  by  the  glass.  Allowing  for  this,  Dr.  Robinson  (PhU.  Trans., 
1869,  p.  129)  calculates  that  a  33.73  inch  object-glass  would  be  equiluminous  with  a 
reflector  of  37$  inches.  When  light  falls  on  the  surface  of  mercury  at  an  angle  of 
incidence  of  78°  5',  only  754  rays  out  of  a  thousand  are  reflected.  When  the  re- 
flector is  diaphanous,  such  as  a  glass  plate,  more  light  is  reflected  from  the  second 
than  from  the  first  surface,  and  this  proportion  is  increased  by  coating  the  back 
with  some  resinous  cement,  or  still  better,  with  metallic  amalgam ;  the  vividness  of 
the  reflection  from  the  second  surface  then  completely  eclipses  that  from  the  first ; 
thus,  in  the  common  looking-glass,  the  bright  images  seen  in  it  are  reflections  from 
the  second  or  coated  surface.  (Brook's  Natural  Philosophy,  p.  585.)  Taking  the 
incident  rays  at  1000,  M.  Bouger  has  found  that  the  number  of  rays  reflected  from 
the  surfaces  of  water  and  of  glass  at  different  angles  are  as  follows : — 


Angle  of  Incidence. 

Water. 

Glass. 

850 

501 

549 

80° 

333 

412 

750 

211 

299 

40° 

22 

34 

20° 

18 

25 

10° 

18 

25 

(See  Mirror  ;  Speculum.) 

Lightning.  The  sudden  discharge  of  electricity  from  the  clouds  to  the  earth,  or 
from  cloud  to  cloud.  There  are  several  kinds  of  lightning.  In  the  first  place,  there 
is  the  zigzag  flash,  apparently  a  continuous  line  of  light,  bent  in  two  or  more  places 
at  extremely  sharp  angles.  Secondly,  there  are  flashes  which  light  up  a  large  por- 
tion of  the  heavens  with  a  broad  diffused  light,  and  which  are  accompanied  with 
thunder.  Thirdly,  there  is  that  called  sheet  lightning,  and  sometimes  heat  lightning, 
because  it  is  frequently  seen  on  warm  summer  nights,  which  appears  in  diffused 
flashes,  generally  faint,  and  which  is  not  accompanied  by  thunder.  And  lastly,  the 
name  is  applied  to  certain  luminous  meteors  known  also  as  fire-balls,  concerning 
which  many  incredible  stories  are  told. 

The  duration  of  the  lightning  flash  is  less  than  the  thousandth  part  of  a  second. 
Wheatstone  showed  this  by  means  of  the  principle  upon  which  his  chronoscope  is 
founded.  A  wheel,  turned  so  rapidly  that  when  lighted  by  a  permanent  light  its 
spokes  blended  together,  when  illuminated  by  a  ligntning  flash  appeared  perfectly 
stationary,  and  not  the  slightest  indication  of  displacement  could  be  noticed  with 
regard  to  the  spokes.  The  spokes  had  not,  therefore,  distinguishably  moved  for- 
ward during  the  time  the  flash  lasted.  It  is  entirely  due  to  persistence  of  the  image 
upon  the  retina  that  the  flash  appears  to  last  for  a  perceptible  time.  The  fire-baUs 
on  the  contrary,  are  said  to  last  for  a  considerable  time,  several  seconds  at  least. 

The  first  kind  of  lightning,  namely  the  zig-zag  flash,  is  frequently  seen,  though 
not  so  commonly  as  the  second  and  third  kinds.  What  is  seen  is  simply  the  line  in 
which  the  spark  travels  from  the  cloud  to  the  earth,  or  from  one  cloud  to  another. 
It  is  often  of  very  great  length,  and  is  generally  made  up  of  a  number  of  straight 
lines  of  fire,  forming  with  each  other  one  continuous  line,  and  having  several  acute 
angles  in  it.  The  zig-zag  appearance  of  the  line  corresponds  with  what  is  observed, 
on  a  small  scale,  in  taking  long  sparks  from  'the  prime  conductor  of  a  good  electric 
machine.  The  line  which  the  spark  follows  is  that  of  the  least  resistance  to  its  pas- 
sage, and  is  not  as  a  rule  a  straight  line.  Generally  the  electricity  appears  to  travel 
from  above  downwards,  but  sometimes  an  apparently  upward  discharge  is  seen.  The 
direction  which  the  discharge  seems  to  take  depends  upon  whether  the  cloud  or  the 
earth  is  electrified  positively,  and  upon  the  relative  conformations  of  the  cloud  and 
of  the  ground. 

In  the  second  class  of  flash  the  light,  instead  of  being  concentrated  to  a  single  line, 
is  spread  over  large  surfaces.  Sometimes  it  appears  to  illuminate  merely  the  bouna- 
ries  of  the  clouds ;  sometimes  the  light  seems  to  come  out  from  the  midst  of  the  clouds 
themselves.  This  kind  of  lightning  is  the  most  frequently  seen ;  probably  it  is  due 
to  the  light  of  a  spark  which  is  seen  diffused  around  and  reflected,  at  a  time  when 
the  line  of  the  spark  itself  is  concealed  by  a  cloud  or  otherwise. 

That  which  is  called  heat  lightning,  and  which  is  unaccompanied  by  thunder, 
generally  consists  of  pale  flashes  most  frequently  near  the  horizon ;  often  even  when 
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there  are  no  definite  clouds  visible.  It  has,  in  many  cases,  been  proved  to  be  due 
to  distant  storms  too  far  off  for  the  thunder  to  be  heard,  but  of  which  the  light  of 
the  flashes  is  reflected  on  clouds  or  mists,  and  reaches  us.  There  appear,  however, 
to  be  some  cases  on  record  in  which  the  light  was  seen  in  the  zenith,  and  which  could 
not  be  accounted  for  as  proceeding  from  any  distant  thunder-storm.  Such  flashes 
are  possibly  due  to  discharges  taking  place  in  the  atmosphere  at  very  great  heights 
above  the  earth. 

Bat  little  seems  to  be  known  about  the  fire-balls.  They  are  described  as  falling 
slowly  from  the  clouds  to  the  earth,  the  descent  occupying  ten  or  more  seconds,  and 
are  said  often  to  rebound  once  or  twice  upon  the  ground,  and  afterwards  to  explode 
with  frightful  violence  ;  but  if  they  are  of  electric  origin  at  all.  it  would  be  difficult 
to  account  for  such  properties  according  to  any  known  electric  laws. 

The  color  of  the  lightning  is  generally  white,  especially  in  the  case  of  the  zigzag 
flashes.  Lightning  of  the  second  class  is,  however,  frequently  of  a  reddish  color,  and 
occasionally  blue  and  violet  are  perceived  in  it.  The  color  probably  depends  upon 
the  state  of  the  atmosphere,  botn  as  to  quality  and  as  to  pressure.  These  circum- 
stances, as  we  know,  influence  the  color  of  the  sparks  obtained  from  an  eletrio 
machine. 

To  account  for  the  formation  of  lightning  is  not  easy.  It  is  generally  supposed 
that  the  small  particles  of  aqueous  vapor  which  leave  the  earth,  and  which  are 
afterwards  condensed  to  form  clouds,  are  electrified  at  the  time  of,  possibly  in  conse- 
quence of,  the  occurrence  of  vaporization.  .  These  particles  carry  their  electricity 
away  with  them,  and  when  the  cloud  is  formed,  unite  together,  forming  little  mole- 
cules, which  again  uniting,  form  drops,  and  the  drops  are  thus  in  a  state  of  considera- 
ble electrification.  Probably,  then,  by  means  or  internal  discharges  the  interior 
particles  relieve  themselves,  and  throw  a  portion  of  their  electricity  into  the  peri- 
phery of  the  cloud ;  and  when  the  outside  of  the  cloud  has  become  very  powerfully 
electrified,  a  discharge  takes  place  towards  the  earth,  or  towards  an  adjacent  and 
oppositely  electrified  cloud.  The  external  layer  of  the  cloud  having  thus  relieved 
itself,  the  little  globules  of  water  again  begin  to  discharge  into  each  other,  their  size 
all  the  time  increasing,  and  the  electric  strain  at  their  external  surfaces  increasing 
also;  for  it  is  a  well-known  law  that,  in  an  electrified  conductor,  such  as  a  drop  of 
water  charged  could  be,  the  electricity  is  disposed  in  a  fine  layer  at  the  exterior. 
Again,  by  a  series  of  internal  discharges,  the  periphery  of  the  cloud  is  charged,  and 
a  second  flash  occurs.  Certain  elcctroscopic  experiments  seem  to  show  that  what 
we  have  just  described  actually  takes  place,  and  that  for  some  time  previous  to  the 
flash,  discharges  are  occurring  from  part  to  part  within  the  cloud. 

Lightning  possesses  the  same  properties  as  the  ordinary  electric  spark,  exhibiting 
them  with  a  power  proportional  to  the  enormous  quantity  of  electricity  which  is  at 
work  in  the  production  of  a  flash.  Thus  it  heats  intensely  any  conductor  not  suffi- 
ciently good  to  carry  it  readily ;  fusing  bell-wires,  chains,  thin  rods  of  metal,  where 
it  passes  along  them,  and  producing  those  molton  tubes  known  as  fulgurites,  when 
it  strikes  the  earth,  and  along  its  path  inward.  It  sets  combustibles  on  fire.  The 
passage  of  a  flash  can  also  magnetize,  demagnetize,  or  reverse  the  magnetism  of  steel, 
and  can  produce  chemical  effects,  an  example  of  which  is  found  in  the  formation  of 
ozone,  nitric  acid,  and  nitrate"  of  ammonium  in  the  air.  Its  mechanical  effects  are 
shown  in  the  splitting  up  of  trees,  stones,  &c,  when  it  strikes  them.  The  physio- 
logical effects  are  too  frequently  recognized.  When  lightning  strikes  an  animal  it 
usually  kills  it.  There  are,  however,  instances  in  which  death  did  not  ensue.  Gener- 
ally the  spark  passes  through  the  body,  tearing  and  burning  it  at  the  place  at  which 
it  enters  and  leaves,  frequently  setting  fire  to  the  clothes,  and  nearly  always  burning 
op  the  hair  on  all  parts  of  the  body.  When  death  does  not  follow  the  strokes,  deaf- 
ness, loss  of  sight,  dilatation  and  loss  of  contractibility  of  the  pupil  of  the  eye  are 
frequently  temporarily  produced.  Instances  are  known,  on  the  other  hand,  in  which 
weak  strokes  of  lightning  have  cured  some  of  diseases  under  which  they  were  pre- 
viously laboring.  As  to  the  number  of  persons  killed  by  lightning,  M.  Arago  esti- 
mated it  in  France  at  sixty-nine  in  the  year.  M.  Baudin,  however,  according  to  a 
research  quoted  bv  Do  la  Kive,  showed  that  between  the  years  1835  and  1852,  no 
leas  than  thirteen  hundred  and  eight  persons  were  killed. 

In  the  next  article  we  give  some  information  concerning  lightning-conductors, 
and  under  the  names  Thunder,  Return  Shock,  St.  Elmo9 8  Fire,  will  be  found  an 
account  of  these  concomitants  of  lightning. 
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Lightning*Conductor.  The  discovery  by  Franklin  of  the  identity  of  lightning 
with  electricity  led  at  once  to  the  idea  of  protection  from  the  electric  discharge  by 
means  of  a  pointed  rod.  Questions  long  existed  as  to  the  utility  of  the  lightning- 
conductor,  it  being  affirmed  by  some  that  they  tend  rather  to  attract  the  lightning. 
They  do,  indeed,  concentrate  upon  themselves  the  inductive  action  due  to  an  electri- 
fied cloud ;  but  no  danger  can  possibly  arise  from  this  if  they  are  properly  constructed. 
They  ought  to  be  pointed  at  the  top,  and  are  frequently  made  with  more  than  one 
point,  in  order  to  allow  the  discharge  to  take  place  quietly,  and  without  any  spark 
at  all.  The  dimensions  of  a  conductor  should  be  pretty  large :  a  thin  rod  oners  too 
much  resistance,  and  may  sometimes  even  be  melted  by  the  heat  produced.  It  must 
be  continuous  throughout,  as  cases  have  frequently  occurred  in  wnich  the  electricity 
has  left  the  conductor  at  a  place  where  there  has  been  a  break  in  the  line.  The  end 
of  the  rod  which  is  of  iron,  is  metallically  connected  with  thick  copper  strips  which 
are  carried  into  the  ground  to  a  considerable  depth,  and  ought,  if  possible,  to  termi- 
nate in  water  or  in  a  very  wet  place,  in  order  to  make  the  communication  with  the 
earth  as  complete  as  possible.  In  the  case  of  conductors  for  ships,  a  strip  of  copper 
is  inlaid  the  whole  length  of  the  mast  and  arranged  so  that,  on  lowering  or  raising 
the  masts,  metallic  contact  may  still  be  maintained.  The  strips  are  carried  down  to 
the  keel,  and  thus  communicate  with  the  water.  It  is  found  necessary  to  have  each 
mast  furnished  with  a  conductor.  In  some  cases  in  which  it  was  thought  that  a 
conductor  on  the  mainmast  would  be  a  sufficient  protection  for  the  whole  snip,  one  of 
the  other  masts  has  been  struck  by  lightning  ana  destroyed. 

The  function  of  the  lightning-conductor  is  this.  When  a  cloud  charged  with 
electricity  comes  over  any  locality,  intense  induction  takes  place  between  it  and  the 
earth ;  but  in  particular  this  inductive  action  is  concentrated  on  any  projections, 
such  as  tall  steeples  or  chimneys ;  this  gradually  increases  till  at  last  the  strain  upon 
the  air-space  between  becomes  too  great  for  it  to  sustain,  and  the  flash  occurs,  cut 
if  the  steeple  or  chimnev  be  overtopped  by  the  lightning-conductor,  the  inductive 
action  is  directed  towards  it,  and  since  it  is  pointed,  the  strain  upon  the  particles  of 
air  very  soon  becomes  more  than  they  can  support,  and  the  discharge  takes  place. 
It  is,  however,  of  the  nature  of  a  auiet  brush,  the  electricity  flowing  gently  outward 
and  neutralizing  that  of  the  cloud,  and  the  flash  is  in  general  altogether  prevented. 
Even  if  it  should  occur,  a  conductor  of  sufficient  size  can  easily  carry  it  to  the 
ground,  and  the  building  is  saved. 

Lightning  Figures.  It  is  commonly  supposed  that  when  a  person  is  struck  by 
lightning  while  standing  under  or  near  a  tree,  an  "  exact  portrait"  of  the  tree  is  im- 
pressed on  the  body  of  the  patient.  Statements  of  this  kind  are  so  numerous  that 
M.  Baudin,  in  his  Treatise  on  Medical  Geography,  proposed  a  new  term,  namely, 
Keraunography  ("  to  write  with  thunder")  to  include  these  and  other  figures  caused 
by  lightning.  In  1861  M.  Poey  collected  twenty-four  such  cases,  and  supposed  them 
to  be  due  to  a  real  photo-electric  action. 

It  was  shown  by  Mr.  Tomlinson,  at  the  meeting  of  the  British  Association  at 
Manchester  in  1861,  that  a  ramified  figure,  very  much  like  a  tree,  is  really  produced 
with  every  stroke  of  lightning,  and  with  every  discharge  of  a  Leyden  iar.  If  a  thin 
sheet  of  window  glass,  about  4  inches  square,  be  held  between  the  knob  of  a  charged 
jar  and  the  discharging  rod,  the  discharge  will  pass  over  the  surface  nearest  the 
jar,  turn  over  its  edge,  and  so  get  to  the  discharging  rod.  On  holding  the  glass  up 
to  the  light  no  trace  of  the  discharge  will  be  seen ;  but  on  breathing  upon  the  glass 
we  get  a  ramified  figure,  consisting  of  a  trunk,  from  which  proceed  a  number  of 
branches  covered  with  spray,  the  whole  figure  strongly  resembling  a  tree.  In  some 
cases  the  discharge  bifurcates,  and  even  trifurcates,  in  which  case  there  are  two  or 
three  trunks,  each  accompanied  by  its  own  branches  and  spray.  Should  the  glass 
be  too  thick,  the  charge  may  not  pass,  but  we  get  some  of  its  minor  details,  such  as 
the  branches  and  the  spray,  representing,  in  fact,  those  ramifying  feelers  sent  out  by 
the  electricity  to  prepare  the  line  of  least  resistance  along  which  the  discharge  takes 
place.  These  are  the  lines  which  produce  the  sensation  of  cobwebs  drawn  over  the 
face,  which  sailors  describe  as  the  forerunners  of  the  ship  being  struck.  In  the  experi- 
ment just  named  the  discharge  burns  away  portions  of  the  organic  film  which  covers 
all  bodies  exposed  to  the  air,  and  the  breath  condenses  in  continuous  streams  on  the 
portion  so  burnt  and  rendered  chemically  clean,  while  on  the  other  parts  of  the  glass 
the  breath  condenses  in  minute  globules.  (See  Breath  Figures.)  If  the  glass  does 
not  act  well  in  consequence  of  the  irregularity  of  the  film,  it  may  be  dipped  into  a 
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strong  solution  of  soap  in  water  and  rubbed  dry  with  a  cloth.  This  will  give  it  a 
continuous  film  capable  of  producing  remarkably  fine  figures,  the  structure  of  which 
is  worth  studying.    The  main  trunk  of  each  figure  is  hollow  like  a  Fulgurite. 

Lightning,  Spectrum  of.  The  spectrum  of  lightning  has  been  examined  by 
Grandeau  and  Kundt.  It  shows  the  spectra  of  incandescent  nitrogen,  oxygen,  hy- 
drogen, and  sodium.  (See  the  spectra  of  these  several  substances.)  The  nitrogen 
spectrum  is  sometimes  of  the  first  order,  and  sometimes  of  the  second,  according  to 
the  intensity  of  the  discharge. 

Light  of  Gas,  Diminution  ot,  by  Admixture  of  Air.    See  Diminution  of 

Light  of  Gas  by  Admixture  of  Air. 

Light,  Ordinary  and  Extraordinary  Bay  of.  See  Ordinary  and  Extra- 
ordinary Ray  of  Light.  * 

Light,  Relation  of  Gold  to.    See  Gold,  Relation  of  to  Light. 

Light,  Sources  o£  The  sources  of  light  are  very  numerous,  but  they  may  be 
reduced  to  a  few  classes.  First,  the  sun,  fixed  stars,  and  other  celestial  bodies  which 
do  not  shine  by  reflected  or  borrowed  light;  second,  light  evolved  by  terrestrial 
bodies  in  a  state  of  incandescence,  such  as  candles,  lamps,  and  coal  gas,  the  electric 
light,  Geissler's  tubes ;  third,  light  evolved  by  phosphorescence ;  in  this  class  may 
be  included  fluorescent  light,  light  evolved  during  crystallization,  or  when  certain 
crystals  are  broken,  and  light  from  glowworms.  In  this  category  may  also  perhaps 
be  included  Reichenbach's  odic  and  crystallic  light,  for  although  his  statements  are 
not  generally  credited  by  men  of  science,  a  perusal  of  his  original  memoirs  (Lie big's 
Annalen  der  Chemie,  March  and  May  1845],  will  show  that  he  brought  to  bear  on 
these  abstruse  subjects  as  much  acuteness  or  observation  and  philosophical  caution 
as  are  generally  met  with  in  scientific  memoirs. 

Limb.    In  astronomy  the  edge  of  the  sun's,  the  moon's,  or  a  planet's  disk. 

Lime.    See  Calcium,  Oxide  of 

Lime,  Chloride  of.     See  Chlorine  ;  Hypochlorite. 

Lime  Light.  (Also  called  Drummond  Light.)  A  very  intense  light  produced 
by  projecting  a  blowpipe  flame  of  mixed  oxygen  and  hydrogen  gases  upon  a  ball  of 
lime.  The  intense  heat  raises  the  lime  to  vivid  incandescence.  When  magnesia  is 
used  instead  of  lime  it  is  called  the  Magnesia  Light,  and  when  zirconia  is  employed 
the  Zirconia  Light.  Owing  to  the  great  explosiveness  of  a  mixture  of  oxygen 
and  hydrogen  gases,  special  precautions  are  required.  Hemming' s  jet  is  sometimes 
used;  at  other  times  the  gases  are  allowed  to  bubble  through  water  in  their  passage 
from  the  reservoir  to  the  jet.  The  safest  plan,  however,  is  to  keep  them  separate, 
until  they  meet  at  the  jet.  In  the  Oxycalcium  Light  a  jet  of  oxygen  gas  is  blown 
through  a  spirit  flame  upon  a  ball  of  lime.    When  a  coal  gas  flame  replaces  the 

Siirit  flame,  it  is  sometimes  called  the  Oxy-coal-gas  Light ;  the  general  name  for 
1  these  lights  is  the  Oxyhydrogen  Light. 

Limit  of  Audible  Notes.  The  lower  limit  to  the  sequence  of  similar  sounds, 
which  produce  a  musical  note,  is  about  16  complete  vibrations  in  a  second.  At 
slower  rates  of  sequence  the  ear  can  distinguish  the  separate  sounds.  The  higher 
limit  of  audible  notes  varies  with  different  individuals.  36,000  vibrations  per 
second  give  the  highest  audible  note,  whose  vibrations  have  been  numbered.  24,000 
is  the  limit  for  most  ears.  As  the  chirp  of  crickets  and  the  squeak  of  bats  consist 
of  a  great  number  of  vibrations,  the  noise  which  these  creatures  make  is  unheard 
by  many. 

Line  of  Hodes.    See  Node*. 

Lines  of  Force,  Electric.  In  an  electric  field,  or  field  under  the  influence  of  a 
given  distribution  of  electrified  bodies,  "  lines  of  force,"  that  is,  lines  the  direction 
of  whose  tangent  at  each  point  is  that  of  the  resultant  force  at  that  point,  may  be 
drawn  upon  principles  similar  to  those  which  are  drawn  in  a  magnetic  field,  and  they 
possess  properties  analogous  to  those  possessed  by  the  line  of  magnetic  force.  (See 
next  Article,  and  also  Field,  Magnetic.) 

Lines  of  Poroe,  Magnetic.  A  line  of  magnetic  force,  or  simply  a  line  of  force 
(magnetic  being  understood),  is  a  line  which  is  at  each  point  parallel  to  the  resultant 
of  all  the  forces  at  that  point.  "  It  may  be  defined,"  says  Faraday,  who  introduced 
the  term,  "  as  that  line  which  is  described  by  a  verv  small  magnetic  needle,  when  it 
is  so  moved  in  either  direction  correspondent  to  its  length,  that  the  needle  is  con- 
stantly a  tangent  to  the  line  of  motion ;  or  it  is  that  line  along  which,  if  a  transverse 
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wire  be  moved  in  either  direction,  there  is  no  tendency  to  the  formation  of  any 
current  in  the  wire,  whilst,  if  it  be  moved  in  any  other  direction,  there  is  each  a 
tendency;  or  it  is  that  line  which  coincides  with  the  magnecrystallic  axis  of  a 
crystal  of  bismuth,  which  is  carried  in  either  direction  along  it."  The  arrangement 
of  the  lines  of  force  about  a  magnet,  or  about  a  number  of  magnets  whose  different 
forces  interfere  with  each  other,  maybe  approximately  and  very  beautifully  exhibited 
to  the  eye  by  covering  them,  when  laid  on  a  horizontal  table,  with  a  tightly  stretched 
screen  of  white  paper,  and  then  scattering  fine  iron  filings  over  the  paper  with  the 
assistance  of  a  sieve.  The  filings  arrange  themselves  in  curves,  which  radiate  from 
the  poles  of  the  magnet  in  directions  depending  on  the  form  of  the  magnet,  and,  if 
there  be  any  maguctic  matter  in  the  field,  on  the  position  of  it  with  respect  to  the 
magnet.  In  the  case  of  a  straight  bar  magnet,  evenly  magnetized,  they  start  from 
the  poles,  and  turn  inward  to  meet  each  other,  bending  round  in  oval  curves.  Fara- 
day pointed  out  another  experimental  way  of  recognizing  and  examining  the  lines 
of  force,  both  in  direction  and  intensity — namely,  by  means  of  a  conducting  wire 
moved  across  them.  The  reader  will  find  a  full  account  of  his  method  and  results 
in  the  Philosophical  Transactions,  1845-1850.  Their  properties  were  mathematically 
discussed  bv  Maxwell,  Camb.  Phil.  Trans.  1857.    (See  also  Field,  Magnetic.) 

Lines  of  the  Spectrum.    See  Fraunhofer's  Lines. 

Lines  in  the  Solar  Spectrum,  Kirchhoff  s  Theory  of.    See  Kirchhofs  Theory 

of  the  Lines  in  the  Solar  Spectrum. 

Limiting  Angle.  When  a  ray  of  light  passes  obliquely  from  a  dense  medium  to 
a  rarer  one,  if  the  incidence  is  such  that  the  sine  of  the  refracted  ray  is  equal  to  the 
radius  of  the  ray,  refraction  of.  the  ray  becomes  impossible  and  total  reflection  takes 
place ;  below  that  incidence,  however,  it  is  refracted.  This  is  called  the  limiting 
angle  between  refraction  and  reflection.  The  limiting  angle  is  found  by  dividing 
unity  by  the  index  of  refraction  of  the  substance  (see  Table  of  Indices  of  Effrac- 
tion), and  on  looking  for  the  quotient  in  a  table  of  natural  sines  the  angle  corres- 
ponding to  it  is  the  limiting  angle.  (See  Reflection  of  Light,  Total ;  Right-angle 
Prism  ;  also  Brooke's  Natural  Philosophy,  1060 ;  Brewster's  Optics,  p.  31.) 

Liquefaction,  Latent  Heat  of.    See  Latent  Heat. 

Liqueflcation  and  Solidification  of  Oases.    Gases  and  vapors  were  formerly 

held  to  be  distinct  in  their  nature ;  it  was  Faraday  who  first  proved  the  distinction 
to  be  erroneous  by  liquefying  a  number  of  gases,  and  since  that  time  all  the  gases 
with  the  exception  of  six,  oxygen,  hydrogen,  nitrogen,  carbonic  oxide,  nitric  oxide, 
and  marsh  gas,  have  been  obtained  in  the  liquid  condition.  The  general  principle 
upon  which  the  attempts  at  liquefaction  of  gases  are  made  is  that  of  applying  cold 
or  pressure,  or  both  at  once. 

Faraday's  plan  was  to  place  in  the  longer  leg  of  a  y^\  shaped  glass  tube  a  sub- 
stance from  which  the  gas  could  be  obtained  by  heat  (thus  to  liquefy  cyanogen  he 
used  cyanide  of  mercury,  for  ammonia,  chloride  of  silver,  saturated  with  the  gas), 
and  to  seal  the  tube  hermetically.  The  shorter  limb  was  then  immersed  in  a  freez- 
ing mixture  and  heat  was  applied  to  the  other.  In  this  way  a  large  volume  of  gas 
was  generated  in  a  small  inclosed  space,  and  the  pressure  upon  it  rapidly  increased 
as  more  gas  was  produced ,  soon  it  began  to  condense  into  a  liquid  in  the  cooled 
chamber.  In  this  way  cyanogen,  ammonia,  chlorine,  carbonic  acid  gas,  and  others 
were  liquefied ;  sulphurous  acid  gas  was  easily  liquefied,  it  being  sufficient  to  pass  it 
through  a  tube  surrounded  by  a  mixture  of  snow  and  salt. 

Professor  Andrews,  of  Belfast,  afterwards  constructed  a  convenient  apparatus  for 
the  application  of  cold  and  pressure  at  the  same  time  to  a  gas.  The  gas  was  con- 
tained in  a  capillary  tube  sealed  at  the  top,  and  a  small  column  of  mercury  in  the 
tube  inclosed  it  below.  The  unsealed  extremity  of  the  tube  was  fastened  by  secure 
and  water-tight  packing  into  one  end  of  a  copper  tube,  which  was  completely  filled 
with  water,  and  by  screwing  a  steel  screw  into  the  water  chamber  pressure  was 
obtained,  which  drove  the  mercury  column  up  the  capillary  tube.  By  surrounding 
the  capillary  tube  with  a  freezing  mixture  cold  could  be  applied.  With  this  appa- 
ratus Andrews  was  able  to  subject  the  gases  to  the  enormous  pressure  of  four  hun- 
dred atmospheres  or  more,  and  with  the  assistance  of  intense  cold  from  — 106°  F.  to 
— 150°  F.  he  reduced  the  gases  which  we  have  mentioned  above  as  hitherto uncondensed 
to,  in  several  cases,  less  than  the  *h  of  the  original  volume.  Common  air  was 
compressed  till  it  had  a  density  nearly  equal  to  that  of  water,  but  without  showing 
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signs  of  liquefaction.  His  paper  to  the  Royal  Society,  1861,  gives  an  account  of 
his  experiments. 

By  means  of  a  forcing  pump,  designed  by  Nattercr  of  Vienna,  carbonic  acid  is  now 
liquefied  on  a  very  large  scale  in  strong  iron  vessels.  The  gas  is  generated  in  the 
ordinary  way  from  carbonate  of  calcium,  and  passed  into  caoutchouc  bags ;  it  is 
tbence  forced  into  an  iron  vessel,  which  is  kept  cool  by  the  application  of  ice.  If, 
when  a  considerable  quantity  of  the  gas  has  been  condensed,  the  liquid  is  permitted 
to  rnsb  oat  through  a  small  orifice,  solidified  carbonic  acid  is  obtained  in  the  form  of 
fine  white  flakes  like  snow.  This  is  dne  to  the  enormously  rapid  evaporation  of  the 
liquid  as  it  escapes.  A  portion  of  it  turns  into  gas,  and  takes  up  so  much  heat  (see 
Latent  Heat  of  Evaporation),  that  the  remainder  of  the  liquid  ib  frozen  to  a  solid. 
It  was  with  the  assistance  of  this  solid  that  Faraday  was  able  to  study  the  other 
gases  in  their  solid  and  liquid  conditions.  For  on  mixing  the  solid  carbonic  acid 
with  ether  a  temperature  as  low  as  106°  F.  below  zero  was  obtained,  and  by  putting 
the  mixture  under  the  receiver  of  an  air-pump  and  rapidly  exhausting,  go  as  to 
assist  evaporation,  a  temperature  is  obtained  which  Faraday  estimated  at  166°  below 
lero.  By  exposing  the  liquefied  gases  in  glass  tubes  to  a  bath  of  this  kind,  be  was 
able  to  obtain  moat  of  them  in  the  form  of  transparent  solids.  Afterwards  Natterer 
made  use  of  a  mixture  of  solidified  nitrous  oxide  and  bisulphide  of  carbon,  and  with 
the  aid  of  an  air-pump  obtained  a  temperature  as  low  as  220°  F.  below  zero. 

The  following  table,  which  we  quote  from  Miller's  Elements  of  Chemistry,  {rives 
the  melting  points  of  the  solids  and  the  pressures  of  the  gases  at  the  point  of  lique- 
faction for  various  temperatures,  according  to  Faraday's  experiments.  The  pressures 
are  determined  by  inclosing  in  the  tube  in  which  the  liquefaction  takes  place  a  small 
air  gauge. 

Condensation  akd  Solidificatioh  or  Oases. 


PrcMnre  Id  Ataiotpbona. 

DoST 

At0°F. 

MSPT. 

At  30°  F. 

hlptamat  unhid  ridt     . 

Byd  rtodlc  uld  . 

Solphnrrttcd  brdrofm    . 

Crbonl.  .old    .'         )         \ 

HTdrobromte  uld     '. 

ArMnlnretted  hydro™  . 
Olalanlfu       . 

71  a orl do  of  boron      . 
HjFdrlodlc  uld  . 

— 103° 
—  30 

—103 

— 130 

—330 

i.w 

L4S 

in 

S7.S 
15.0 

1.33 

S.« 

3S.S 

8.8J 
16.10 

13.10 

S3,  M  ■[  3JO 

For  some  further  particulars  on  this  interesting  subject,  and  for  an  account  of  the 
most  recent  and  very  remarkable  researches  upon  this  subject  by  Dr.  Andrews,  ro- 
•earcbes  which  throw  a  completely  new  light  on  the  whole  subject,  wo  refer  to— 
JU""cr,  Continuity  of  the  Liquid  and  Gaseous  State*  of. 

Liquids,  Centre  of  Pressure  of.    See  Centre  of  Pressure  of  liquids. 

Liquids.  Cohesion  of.    See  Cohesion  of  Liquids. 

Liquids,  Compressibility  o£    See  Compressibility  of  Liquid*. 

Liquids,  Diffusion  of.    Seo  Diffusion  of  Liquids. 

Liquids,  Displacement  of.     Sec  Displacement  of  Liquids. 

Liquids,  Flow  of.    See  Flow  of  Liquids. 

Liquids.  Index  of  Refraction  of.    See  Refraction,  Index  of. 

Liquids.  Lateral  Pressure  o£    See  Lateral  Pressure  of  Liquids. 

Liquids,  Level  Surface  ol    See  Level  Surface  of  Liquids. 

Liquids,  Pressure  of,  on  the  Bottom  of  Vessels,  See  Pressure  of  Liquids  on 
the  Bottom  Of  Vessels. 

Liquids,  Pressure  through.    See  Pressure  through  Liquids. 

Liquids,  Spectta  of  Incandescent.  Liquids  when  incandescent  give  continuous 
spectra  like  solida.    (See  Solids,  Spectra  of  Incandescent.) 
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liquids.  Upward  Pressure  of.    See  Upward  Pressure  of  Liquids. 

Liquid  Surfaces,  Tension  of.    See  Tension  of  Liquids  Surfaces. 

Liquids,  Waves  in.    See  Waves  in  Liquids. 

Lissajous'  Comparison  of  Tuning-Porks.  Id  the  kaleidophon  (see  Kaleido* 
phon)  one  and  the  same  body  receives  impulses  in  different  directions,  and  it  vibrates 
at  different  rates  in  those  different  directions ;  the  figures  which  the  end  describes 
mark  the  difference  of  rate,  and  also  the  difference  of  phase.  In  order  to  compare 
sonorous  bodies  with  one  another,  especially  tuning-forks,  with  a  view  to  test  whether 
a  given  fork  is  in  perfect  unision  with  the  normal  diapason,  or  in  any  aliquot  relation 
therewith  as  to  its  rate  of  vibration,  Lissajous  reflected  a  beam  of  light  from  one 
prong  of  the  standard  fork  in  an  upright  position  upon  the  prong  of  the  fork  which 
is  being  tested,  fixed  in  a  horizontal  position,  and  thence  on  to  a  screen.  When  the 
forks  are  in  perfect  unison,  a  straight  line,  circle,  or  more  or  less  eccentric  ellipse 
will  be  described  on  the  screen  when  both  forks  are  in  vibration,  according  to  the 
phases  of  the  vibrations.  If  one  of  the  forks  be  slightly  weighted,  these  curves  will 
not  remain  constant.  Similarly,  if  the  two  forks  are  related  as  a  note  and  its  octave, 
the  figure  described  is  some  modification  of  the  figure  of  8.  In  fact,  the  whole  series 
of  phenomena  are  exactly  like  those  presented  by  Wheatstone's  Kaleidophon,  for 
the  conditions  which  produce  them  are  essentially  identical. 

Litharge.    See  Lead  ;  Oxides. 

Lithic  Acid.    See  Uric  Acid. 

Lithium.  A  metallic  element  belonging  to  the  alkali  group.  Atomic  weight  7, 
symbol  Li.  It  occurs  in  very  minute  quantities,  but  is  somewhat  widely  spread. 
The  metal  is  silver  white,  much  resembling  potassium  in  its  properties ;  a  freshly-cut 
surface  tarnishes  very  readily.  It  is  softer  than  lead,  and  may  be  drawn  out  into 
wire,  and  welded  together  by  pressure  at  the  ordinary  temperature.  It  is  the  lightest 
known  solid,  its  specific  gravity  being  only  0.578.  It  melts  at  180°  C.  (356°  F.)t 
and  at  a  much  higner  temperature  burns  with  a  most  intense  white  light.  When 
thrown  on  to  water  it  oxidizes  rapidly,  and  floats  about,  "but  does  not  melt  or  inflame. 
Thrown  on  to  strong  nitric  acid  it  takes  fire,  burning  with  an  intense  white  light 
The  following  are  the  most  important  compounds  of  lithium. 

Oxide  of  Lithium  (hydra ted)  (LiHO)  is  a  caustic  alkali,  similar  to  caustic  pot- 
ash, soluble  in  water,  and  capable  of  neutralizing  acids  to  form  salts,  which  have  a 
great  resemblance  to  the  salts  of  the  other  alkali  metals. 

Chloride  of  Lithium  (LiCl).  This  separates  from  its  aqueous  solution  in  crystals, 
having  the  appearance  and  taste  of  common  salt  (chloride  of  sodium).  It  is  readily 
soluble  in  water. 

Lithium,  Spectrum  of  The  spectrum  of  a  lithium  compound,  ignited  in  a  spirit 
flame,  consists  of  one  intense  crimson  line,  nearly  midway  between  Fraunhofer's  B 
and  0.  At  a  little  higher  temperature,  that  of  a  hydrogen  flame  for  instance,  a 
yellow  line  makes  its  appearance ;  aud  at  a  still  higher  temperature,  such  as  that 
of  the  electric  arc,  a  brilliant  blue  line  appears.  (See  Spectrum  Analysis; 
Spectrum.) 

Litmus.  A  vegetable  coloring  matter  extracted  from  various  species  of  rocceUa 
tinctoria,  etc.  It  is  colored  blue  by  alkalies  and  red  by  acids,  ana,  on  this  account, 
is  much  used  in  the  preparation  of  test-papers. 

Loadstone.  (Lcedan,  Sax.,  to  lead.)  The  name  given  to  the  magnetic  oxide  of 
iron,  probably  from  the  property  it  has  of  pointing  north  and  south  if  properly  sus- 
pended. The  magnetic  oxide  of  iron  is  found  in  many  parts  of  the  world — in 
Arabia,  China,  Bengal,  Macedonia,  Germany,  England.  It  is  a  hard  stone,  varying 
in  color  from  reddish-black  to  deep  gray.  It  is  composed  of  iron  and  oxygen  in  the 
proportion  of  73  parts  of  the  former  to  27  of  the  latter ;  its  chemical  symbol  is 
Fe304.  It  was  discovered  by  the  Greeks,  and  probably  long  before  them  by  the 
Chinese,  that  this  stone  has  the  power  of  attracting  soft  iron,  and  it  has  also  long 
been  known  to  be  capable  of  communicating  attractive  power  to  a  steel  bar  which  is 
rubbed  with  it.     (Sec  Magnet.) 

Longitude.  ULongitudo.)  In  astronomy  longitude  is  used  in  two  different  senses. 
The  longitude  or  a  star  or  planet  is  the  angle  included  between  two  planes,  both 
passing  through  the  poles  of  the  ecliptic,  one  through  the  first  point  ot  Aries,  and 
the  other  through  the  star  or  planet.  It  is  reckoned  from  the  first  point  of  Aries  in 
the  order  of  the  signs  from  0°  to  360°.  /  So  far  as  the  stars  are  concerned,  celestial 
longitude  may  be  regarded  as  having  passed  altogether  into  desuetude.    As  regards 
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the  planets,  however,  it  is  obviously  convenient  to  retain  the  use  of  celestial  longi- 
tude, since  these  bodies  always  lie  near  the  ecliptic,  along  which  longitudes  are 
measured.    (See  Geocentric^  and  Heliocentric.) 

But  the  most  important  use  of  the  term  longitude  in  astronomy  refers  to  terres- 
trial longitude,  or  the  angle  between  two  meridional  planes,  one  passiug  through  a 
particular  station,  the  other  a  fixed  plane  of  reference.  We  may  also  describe  the 
longitude  of  a  place  as  the  arc  of  a  small  circle,  having  the  poles  of  the  earth  as 
poles,  intercepted  between  the  two  aforenamed  planes ;  or  the  arc  of  the  equator  in- 
tercepted between  those  planes.  Longitude  is  commonly  measured  east  or  west  of 
the  fixed  meridian  through  180°.  That  meridian  is  different  for  different  countries. 
In  England  the  meridian  of  Greenwich  is  adopted  as  the  origin  whence  longitudes 
are  measured.  In  Paris,  the  meridian  of  Paris  is  adopted ;  in  America,  the  meridian 
of  Washington  ;  and  so  on. 

The  determination  of  the  longitude  of  any  station  on  the  earth,  whether  on  land 
or  on  the  ocean,  is  of  the  utmost  importance  to  the  astronomical  observer,  the  trav- 
eller, and  the  seaman.  The  problem  is  not  an  easy  one.  It  is  not  difficult  to  deter- 
mine the  latitude  of  any  station,  since  there  is  an  actual  change  in  the  aspect  of  the 
heavens  (for  every  hour)  with  any  change  of  latitude.  But  in  travelling  from  east 
to  west  or  from  west  to  east,  there  is  no  change  in  the  aspect  of  the  heavens ;  the 
stars  seen  at  any  moment  in  One  longitude  being  situated  precisely  as  they  would 
be  seen,  though  not  at  the  same  moment,  from  any  other  station  in  the  same  latitude. 

AH  methods  of  determining  the  longitude  are  based  on  the  fact  that  the  apparent 
time  is  different  for  two  places  separated  by  any  distance  in  longitude.  The  sun  or 
any  given  star  will  cross  the  celestial  meridians  of  the  two  places  at  different  hours, 
and  so  also  any  celestial  phenomenon  will  occur  at  different  hours  of  apparent  time. 
On  the  other  hand,  the  occurrence  of  any  phenomenon  indicative  of  apparent  time, 
as  the  southing  of  the  sun  or  a  star,  will  take  place  at  different  hours  of  absolute 
time. 

For  places  on  land  any  method  by  which  the  difference  of  time  at  two  stations  can 
be  determined  will  serve  to  determine  their  difference  of  longitude.  Formerly  the 
method  adopted  was  to  transfer  chronometers  from  one  place  to  the  other,  repeating 
the  iourney  backwards  and  forwards  several  times  in  order  to  eliminate  as  far  as 
possible  the  effects  due  to  variation  of  rate.  Supposing  that  at  each  station  the 
sidereal  time  is  accurately  known,  it  is  evident  that  in  this  way,  the  difference  be- 
tween the  sidereal  times  of  the  two  stations  can  be  accurately  measured.  In  modern 
times,  telegraphic  signals  arc  more  commonly  employed.  It  is  evident  that,  if  signals 
are  sent  from  one  station  to  the  other  at  the  moment  when  any  celestial  phenomenon 
as  the  transit  of  a  star  takes  place,  the  difference  of  time  between  the  two  stations 
can  be  accurately  determined. 

Eclipses  of  Jupiter's  satellites  afford  a  rough  method  of  determining  the  longitude, 
since  tney  occur  at  the  same  moment  of  absolute  time  as  seen  from  different  narts  of 
the  earth.  If  an  eclipse  or  occultation  were  an  instantaneous  phenomenon,  ana  visible 
at  the  same  moment  whatever  telescopic  power  was  employed,  this  method  would  be 
the  best  of  all.  As,  however,  neither  of  these  conditions  holds,  the  method  is  far 
from  exact.  Further,  the  tables  of  the  motions  of  these  satellites  at  present  in  use 
are  not  exact  enough  to  give  the  time  of  an  eclipse  or  occultation  with  the  necessary 
approach  to  accuracy. 

Occultations  of  fixed  stars  by  the  moon  afford  another  means  of  determining  the 
longitude.  Since  occultations  do  not  occur  at  the  same  instant  at  different  stations, 
processes  of  calculation  are  required  to  deduce  the  longitude  from  observations  of 
occultations. 

The  longitude  of  a  place  can  also  be  determined  by  observations  of  lunar  transits, 
because  the  sidereal  time  of  lunar  transits  is  not  identical  at  different  stations,  and 
the  difference  of  time  serves  to  supply  means  for  calculating  the  difference  of  longi- 
tude. A  form  of  this  method  is  that  known  as  the  "  method  by  moon-culminating 
stars"  It  consists  in  observing  the  difference  of  sidereal  time  between  the  transit 
of  a  star  close  to  the  moon  and  having  nearly  the  same  declination.  This  difference, 
if  exactly  determined,  gives  the  true  sidereal  time  of  the  moon's  transit,  and  there- 
fore, as  before,  the  longitude  of  the  station. 

For  observations  to  be  made  at  sea  other  methods  must  be  adopted.  One  method 
Is  to  observe  the  altitude  of  the  sun  at  about  that  part  of  the  day  when  his  altitude 
it  changing  most  rapidly.    This  altitude  being  determined,  and  the  latitude  and  time 
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of  observation  known  (the  latter  from  the  chronometer),  the  longitude  can  be  cal- 
culated 

The  method  of  determining  the  longitude  by  lnnar  distances  depends  on  the  same 
general  principle  as  the  lunar  methods  used  on  land  The  Nautical  Almanac  sup- 
plies the  lunar  distances  of  certain  bright  stars,  calculated  for  Greenwich ;  and  by 
comparing  the  apparent  time  when  the  lunar  distance  of  a  star  has*  a  given  value 
with  the  apparent  time  at  Greenwich  when  the  star's  lunar  distance  has  that  value, 
the  sailor  has  the  means  of  determining  the  longitude  of  his  ship. 

It  need  hardly  be  said  that  in  the  application  of  all  these  methods  corrections  for 
atmospheric  refraction,  etc.,  must  be  duly  made. 

Longitude,  Geocentric,  of  a  Heavenly  Body.    See  Geocentric 
Longitude,  Heliocentric,  of  a  Heavenly  Body.    See  Heliocentric 

Longitude  of  the  Perihelion.  The  heliocentric  longitude  of  that  point  of  a 
planet's  orbit  which  is  nearest  to  the  sun.  It  is  usually  measured  upon  tne  ecliptic 
to  the  node,  and  thence  along  the  orbit  forwards  or  backwards  as  the  case  requires, 
the  sum  or  difference  of  the  arcs  on  the  ecliptic  and  orbit  being  taken  as  the  longi- 
tude of  the  perihelion.  But  this  is  not  the  just  method  The  only  correct  mode  of 
exhibiting  tne  position  of  the  perihelion  of  an  orbit  is  to  assign  its  true  heliocentrio 
longitude  and  latitude. 

Longitudinal  Vibrations,  If  a  smooth  slender  cylindrical  rod  of  wood  be  held 
at  its  centre,  and  one  end  of  it  be  rubbed  in  the  direction  of  its  length  with  a  piece 
of  wash  leather,  covered  with  powdered  resin,  a  musical  note  is  produced  which  varies 
with  the  length  and  material,  and,  to  a  slight  extent,  with  the  thickness  of  the  rod 
The  rod  is  set  into  a  series  of  longitudinal  vibrations.  The  centre  of  the  rod  re* 
mains  at  rest,  and  the  two  extremities  are  the  points  in  the  most  violent  vibration. 
The  first  is  a  node,  the  second  are  the  centres  of  segments.  The  condition  of  such 
a  rod  is  precisely  like  that  of  a  pipe  of  air  open  at  both  ends,  and  sounding  its  fun- 
damental note.  (See  Organ  Pipes.)  For  the  same  material  and  thickness  the 
number  of  vibrations  in  a  given  time  is  inversely  as  the  length.  For  the  same  ma- 
terial and  equal  lengths  the  number  of  vibrations  increases  slightly  with  the  thick- 
ness. As  the  length  of  the  rod  is  half  the  wave  length,  the  latter  can  be  at  once 
measured.  Since  the  pitch  of  the  note  is  the  number  of  vibrations  in  a  given  time, 
by  comparing  the  pitch  of  two  notes  produced,  one  by  an  open  organ  pipe,  and  the 
other  by  a  longitudinally  vibrating  rod  of  the  same  length  as  the  pipe,  or  by  com- 
paring the  lengths  of  the  two  when  they  produce  the  same  note,  tne  velocity  of 
sound  can  be  ascertained  as  follows :  Suppose  we  have  to  use  a  rod  of  deal,  eight 
feet  in  length,  to  produce  the  same  note  as  that  given  by  an  open  organ  pipe  six 
inches  long.  The  rate  of  motion  in  the  two  media  must  be  inversely  as  their  lengths, 
since  those  lengths  are  traversed  in  the  same  time.  Hence  the  rates  are  as  1  to  16. 
Accordingly  sound  travels  through  deal  at  the  rate  of  17,600  feet  per  second  The 
same  number  is,  of  course,  obtained  by  multiplying  by  1100  (the  rate  of  sound  in 
air),  the  ratio  between  the  pitches  of  the  notes  produced  by  equal  lengths  of  deal  and 
air. 

If  a  rod,  fastened  at  one  end,  be  set  in  longitudinal  vibration,  the  fixed  end  will 
be  a  node,  and  the  free  one  the  centre  of  a  segment.  Such  a  rod,  therefore,  will  be 
represented  by  an  organ  pipe  closed  at  one  end  Accordingly,  as  before,  the  number 
of  vibrations  varies  directly  with  the  length  of  the  rod.  One  rod  gives  the  octave 
above  another  when  it  is  twice  as  long.  If  two  rods  of  the  same  length  and  material 
are  fastened,  one  in  its  centre,  and  the  other  at  its  extremity,  and  are  set  in  longitu- 
dinal vibration,  the  one  fastened  in  its  centre  will  sound  the  octave  above  the  other. 

If  a  wire  fastened  at  both  ends  be  set  in  longitudinal  vibration,  each  end  will  be  a 
node,  and  the  middle  the  centre  of  a  segment. 

Long-SightedneM.  This  imperfection  of  sight  is  due  to  the  crystalline  lens 
being  insufficently  convex,  thus  causing  images  of  objects  to  come  to  a  distinct  focus, 
not  on  the  retina,  but  a  little  behind  it.  This  may  be  perfectly  remedied  by  assist- 
ing the  insufficient  convexity  of  the  crystalline  lens  by  placing  a  slightly  convex  lens 
in  front  of  the  eye.    (See  Eye  /  Spectacles.) 

Looking-Glass.    See  Mirror. 

Looming.  A  phenomenon  of  unusual  refraction,  bv  which  coasts,  mountains,  and 
ships,  on  or  below  the  horizon  at  sea,  appear  elevated  above  it,  and  sometimes  in- 
verted.   (See  Refraction,  Unusual.) 
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Loss  of  Light  by  Passing  through  Glass  Shades.   As  coal  gas  is  almost  always 

surrounded  with  a  glass  shade  when  it  is  burnt,  it  is  of  interest  to  know  the  amount 
of  loss  occasioned  by  the  passage  of  light  through  the  substance  of  which  the  shade 
Is  composed.    Dr.  Letheby  gives  the  following  table : — 

Lois  per  cent. 

Clear  glass 12 

Slightly  ground  in  pattern          .        .  24 

Half  ground 35 

All  ground 40 

Opal  glass 60 

Loudness  Of  Sound.  The  loudness  of  one  sound,  as  compared  with  that  of  another 
being  a  nervous  effect,  is  incapable  of  mathematical  representation.  If  the  intensity 
of  the  sound  is  proportional  to  the  bending  of  the  drum  of  the  ear,  then  it  is  also 
proportional  to  the  amplitude  of  the  vibration  of  the  particles  of  air.  If  it  is  pro- 
portional to  the  strength  of  the  blow  which  the  ear  receives,  then  it  varies  with  the 
square  of  the  amplitude.  Two  notes  of  one  pitch,  but  of  different  degrees  of  loud- 
ness, are  sounded  at  such  distances  from  the  ear  that  they  seem  equally  loud.  We 
find  that  the  amplitude  of  the  vibrations  of  the  two  notes  at  the  ear  are  equal.  From 
the  fact  that  the  sound  varies  in  mechanical  intensity,  inversely  as  the  square  of  the 
distance  from  the  source,  it  is  usual  to  consider  the  audible  intensity  as  varying  di- 
rectly with  the  square  of  the  amplitude. 

Lowe's  Photometer.    See  Jet  Photometer. 

Lubricant.  (Lubricus,  smooth,  slippery ;  lubricans,  making  smooth.)  Any 
substance  applied  to  make  one  body  glide  over  another,  or  to  facilitate  the  motion 
of  bodies  in  contact,  by  diminishing  friction.  Viscous  liquids  are  generally  used  for 
this  purpose,  although  very  finely  powdered  plumbago  has  been  found  useful  in 
diminishing  friction  between  highly-polished  metallic  surfaces  of  machinery.  Lubri- 
cants reduce  friction  by  filling  up  the  interstices  between  the  particles  on  the  sur- 
faces in  contact,  and  so  preventing  their  interlacement.  Consequently  the  more 
viscous  substances  are  used  where  the  surfaces  are  rough,  and  the  more  fluid  hetwecn 
polished  surfaces.  Thus  tallow  or  some  viscous  grease  is  used  when  metal  moves 
upon  wood,  etc. ;  but,  in  the  case  of  metallic  surfaces  only,  oil  is  employed,  its  fine- 


increasing  with  the  hardness  and  smoothness  of  the  metal.    (See  Friction.) 
Luminiferous  Ether.     See  Ether,  Luminiferous. 
Luminosity  of  Flame.    See  Flame,  Luminosity  of. 

Luminous  Kay,  Pencil,  Sheaf,  Beam,  or  Fasciculus.  These  terms  arc  applied 
almost  indiscriminately ;  they  generally  refer  to  the  path  of  a  line  of  light  of  a 
definite  width  and  thickness.  A  pencil  or  beam  is  supposed  to  consist  of  a  multitude 
of  rays,  which  may  be  parallel,  convergent,  or  divergent. 

Lunar  Caustic.     See  Nitrates  ;  Nitrate  of  Silver. 

Lunar  Distances.  A  method  of  determining  the  longitude  at  sea.  (See  Lon- 
gitude.) 

Lunar  Theory.  The  mathematical  analysis  of  the  perturbations  to  which  the 
motions  of  the  moon  are  subject. 

An  account  of  the  processes  by  which  mathematicians  have  mastered,  or  are 
mastering,  all  the  peculiarities  of  the  lunar  movements,  would  be  wholly  out  of 
place  in  such  a  treatise  as  the  present.  We  propose,  however,  to  state  the  general 
nature  of  the  chief  phenomena  of  lunar  motion. 

For  convenience,  we  may  regard  the  earth  as  at  rest,  the  moori  circulating  round 
her  once  in  a  sidereal  lunar  month,  the  sun  once  in  a  sidereal  year.  Now,  since  this 
imagined  orbital  motion  of  the  sun  takes  place  outside  the  moon's  orbit,  it  will  be 
obvious  that  on  the  whole  the  action  of  the  sun  must  tend  to  draw  the  moon  away 
from  the  earth,  or,  in  other  words,  to  diminish  the  earth's  influence  over  her  satellite. 
But  it  is  only  on  the  whole,  that  is,  in  considering  a  complete  lunation,  that  the 
sun's  action  is  of  this  nature.  When  the  line  from  the  moon  to  the  earth  is  at  right 
angles  to  the  line  from  the  sun  to  the  earth,  the  sun  evidently  acts  to  increase  the 
moon's  tendency  towards  the  earth's  centre.  On  the  other  hand,  when  the  moon, 
earth,  and  sun  are  in  the  same  line,  the  sun  acts  to  diminish  the  earth's  influence 
on  the  moon,  for  if  the  moon  be  beyond  the  earth  he  pulls  the  earth  more  than  the 
moon,  that  is  he  tends  to  pull  the  earth  away  from  the  moon,  whereas,  when  the 
moon  is  between  the  earth  and  the  sun,  the  sun  pulls  the  moon  more  than  the  earth, 
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or  tends  to  poll  the  moon  away  from  the  earth :  in  either  case  then  he  tends  to 
diminish  the  force  which  tends  to  draw  the  earth  and  moon  together. 

The  Moon's  Annual  Equation.  The  action  of  the  sun  in  diminishing  the  earth's 
influence  over  the  moon,  taking  the  balance  of  effects  accruing  during  a  single  luna- 
tion, will  clearly  be  greater  or  smaller  according  as  the  sun  is  nearer  to,  or  farther 
from,  the  earth.  Hence  during  those  lunations  which  occur  when  the  earth  is  near 
perihelion,  the  moon's  orbitalperiod  will  be  longer  than  during  those  lunations  when 
the  earth  is  near  aphelion.  Hence  the  winter  lunations  are  longer  than  the  summer 
ones. 

Further,  since  in  winter  the  moon  thus  lags,  while  in  summer  she.  hastens  her 
movements,  it  is  obvious  that  an  equation  precisely  resembling  in  character  that 
applied  to  the  sun  (see  Equation  of  the  Centre),  has  to  be  applied  to  the  moon's 
mean  motion.  The  greatest  amount  by  which,  so  far  as  this  cause  is  considered,  6he 
gets  in  advance  of  or  falls  behind  her  mean  place,  is  about  10'.  This  inequality 
was  detected  by  Tycho  Brahe. 

The  Moon's  Variation.  Since  the  sun  acts  most  strongly  to  diminish  the  earth's 
influence  on  the  moon,  when  the  moon  is  nearly  at  new  or  full,  or  in  syzygy,  and  to 
increase  the  earth's  influence  on  the  moon  when  the  moon  is  at  her  quadratures,  we 
see  that  so  far  as  this  radial  influence  is  concerned,  the  moon  should  move  most 
slowly  when  in  syzygy,  and  most  swiftly  when  in  quadrature,  and  therefore  there 
must  be  acceleration  in  passing  from  syzygy  to  quadrature,  and  retardation  in 
passing  from  quadrature  to  syzygy.  But  in  considering  the  moon's  motion  through- 
out a  complete  lunation,  another  mode  of  action  exerted  by  the  sun  has  to  be  con- 
sidered, viz. :  that  tangential  action  which  tends  to  accelerate  or  retard  the  moon's 
motion  directly.  Now  it  is  to  be  carefully  remembered  that  it  is  not  the  sun's  action 
on  the  moon  alone  that  is  here  in  question,  but  the  difference  between  his  actions  on 
the  moon  and  earth.  It  is  very  common  to  see  the  sun'6  action  on  the  moon  as  she 
passes  from  full  to  new  (that  is,  from  farther  to  nearer  syzypy),  described  as  accel- 
e  rati  ye,  but*  in  reality  it  is  only  in  the  nearer  half  of  this  course  that  the  sun  acts 
acceleratively,  and  this  because  his  action  on  the  moon  exceeds  his  action  on  the 
earth ;  in  the  other  half,  his  action  tends  to  retard  the  moon.  Similarly  as  the  moon 
passes  from  nearer  to  farther  syzygy,  the  6un's  tangential  action  retards  her  motion 
in  the  first  half,  and  accelerates  her  motion  in  the  farther  half.  It  appears  then 
that  the  radial  and  tangential  forces  have  contrary  effects,  so  far  as  the  moon's 
orbital  velocity  is  concerned. 

But  the  tangential  force  has  the  greater  effect,  so  that  in  each  lunation  the  moon's 
velocity  is  greatest  when  she  is  in  syzypy,  and  least  when  she  is  nearly  in  quadra- 
ture. The  inequality  thus  arising  is  called  the  moon's  variation,  and  its  maximum 
value  is  32'.    This  inequality  was  also  discovered  by  Tycho  Brahe. 

Tli e  Moon's  Parallactic  Inequality.  If  the  sun's  distance  were  indefinitely  great 
compared  with  the  moon's,  his  disturbing  influence  would  be  as  great  when  the  moon 
was  traversing  the  half  of  her  orbit  which  lies  farthest  from  him,  as  when  she  was 
traversing  the  nearer  half.  As,  however,  though  the  ratio  which  the  sun's  distance 
bears  to  the  moon's  is  very  great,  it  is  yet  not  infinite,  there  arises  a  small  inequality 
due  to  the  fact  that  the  moon's  distance  from  the  sun  at  the  time  of  full  moon  does 
not  bear  to  the  earth's  distance  from  the  sun  a  ratio  quite  equal  to  that  which  the 
earth's  distance  from  the  sun  bears  to  the  moon's  distance  from  him  at  the  time  of 
new  moon.  The  inequality  is  small,  never  exceeding  2',  but  it  is  quite  recognizable, 
and  has  supplied  one  of  the  most  effective  modes  of  measuring  the  sun's  distance, 
since  clearly  its  extent  depends  on  the  ratio  which  the  sun's  distance  bears  to  the 
moon's. 

The  changes  in  the  inclination  of  the  moon's  orbit,  and  the  position  of  the  nodes, 
and  those  in  the  eccentricity  and  the  position  of  the  perigee,  can  only  be  properly 
dealt  with  in  a  set  treatise.  The  reader  is  referred  to  Mr.  Airy's  work  on  Gravita- 
tion. 

Inequalities  depending  on  the  oblateness  of  the  earth's  figure,  though  small,  are 
interesting,  as  supplying  the  means  of  determining  the  compression  of  tne  terrestrial 
globe.  The  estimated  compression  is  5j|tj,  corresponding  very  closely  with  the  results 
which  have  been  obtained  bv  other  methods. 

The  Acceleration  of  the  Moon's  Mean  Motion  is  described  under  that  heading. 

The  influence  of  the  planets  on  the  moon  is  insensible,  except  in  the  case  of  Venus, 
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the  peculiar  relation  of  whose  period  to  the  earth's  (see  Venus)  causes  an  inequality 
of  long  period  to  affect  the  lunar  motions. 

Lunation.    See  Month,  Synodical. 

Luni-Solar.  Referable  to  both  the  sun  and  moon — as  the  luni-solar  precession, 
or  the  total  amount  of  precession  produced  by  the  action  of  the  sun  and  moon. 

Lupus.  (The  Wolf.)  One  of  Ptolemy's  southern  constellations.  It  is  repre- 
sented in  maps  as  transfixed  by  the  spear  of  Centaurus.  There  appears  to  have 
been  some  doubt  amongst  ancient  astronomers  as  to  the  true  title  of  this  asterism. 
They  were  agreed  that  it  represents  some  offering  which  Centaurus  is  placing  on  the 
altar  (represented  by  the  stars  of  Ara),  but  differed  as  to  what  that  offering  might 
be.  Only  a  portion  of  this  constellation  rises  above  the  horizon  of  London,  and 
these  are  seen  under  unfavorable  atmospheric  conditions,  yet  some  of  them  are  in- 
cluded in  Flamstead's  list. 

Lynx.  (The  Lynx.)  One  of  the  constellations  formed  by  Hcvelius.  It  contains 
few  conspicuous  stars,  but  many  objects  of  great  interest  to  the  telescopist,  a  large 
proportion  of  its  lucidce  being  double. 

Lyra.  (The  Lyre.)  One  of  Ptolemy's  northern  constellations.  Though  not  of 
great  extent,  this  constellation  is  a  very  rich  one.  The  brilliant  Vega  is  its  chief 
orb.  The  star  Beta  Lyrae  is  a  remarkable  variable.  (See  Stars,  Variable.)  Be- 
tween Beta  and  Gamma  is  situated  the  remarkable  ring-nebula  57  Messier.  This  is 
one  of  those  nebulae  which  Mr.  Huggins  has  discovered  to  be  gaseous.  The  whole 
of  Lyra  is  rich  in  objects  of  interest,  the  number  of  compound  star  systems  being 
surprisingly  great.  Of  these,  perhaps  the  most  interesting  to  the  telescopist  is  the 
Quadruple  system  formed  by  the  two  double  stars  tl  and  «a  Lyra.  To  the  naked  eye 
these  stars  appear  as  one,  though  exhibiting  a  somewhat  elongated  appearance,  and 
even  separable  by  exceptionally  acute  vision.  In  a  small  telescope  they  are  seen  as 
a  wide  double ;  and  in  telescopes  of  considerable  power  each  component  is  seen  to 
be  a  close  double.  All  four  stars  appear  to  form  one  system,  since  both  el  aud  «2  are 
recognized  binaries,  while  they  are  travelling  with  a  common  proper  motion. 

M 

Machine.  Any  contrivance  for  transmitting  force  from  one  point  to  another,  or 
for  increasing  or  regulating  the  effect  of  a  given  force.  The  simple  machines  are 
the  lever,  the  wheel  aud  axle,  the  pullet/,  the  inclined  plane,  the  screw,  the  wedge. 
Compound  machines  consist  of  combinations  of  these  simple  machines.  They  admit 
of  infinite  variations  and  adaptations,  but  there  are  certain  laws  found  to  apply  to 
all  machines.  The  work  of  a  machine  is  measured  by  the  amount  of  resistance 
overcome  in  a  given  time.  An  important  empirical  law,  due  to  Euler,  gives  the 
relation  which  must  subsist  between  tho  speed  and  the  resistance  in  order  that  the 
effect  may  be  a  maximum.  The  load  or  resistance  should  be  about  four-ninths  of 
that  which  would  exactly  counteract  the  power  or  keep  the  machine  at  rest,  and 
the  velocity  of  the  point  or  points  of  application  of  the  power  should  be  one-third 
of  their  greatest  velocity.  When  these  two  conditions  are  fulfilled  the  machine  will 
work  to  the  greatest  possible  advantage.  Thus  a  mill  will  do  the  greatest  amount 
of  work  in  a  given  time  whea  the  wheel  has  one-third  of  its  greatest  possible  ve- 
locity, and  overcomes  a  resistance  equal  to  four-ninths  of  the  greatest  resistance 
against  which  it  can  move ;  an  animal  will  accomplish  the  greatest  amount  of  work 
in  a  given  time  when  it  moves  with  one-third  of  its  greatest  speed  and  is  loaded  with 
four-ninths  of  the  greatest  load  it  is  capablo  of  moving.  (Moseley's  Mechanics 
Applied  to  the  Arts ;  Gregory's  Mechanics;  Coriole's  De  VEffet  des  Machines.) 

jKacnlaB.    (Spots.)    The  solar  spots.    See  Sun. 

Madder.  The  root  of  a  plant  belonging  to  the  order  of  Bubiacece,  amongst  which 
are  included  some  valuable  plants,  such  as  the  cinchona,  ipecacuanha,  and  coffee.  The 
madder  plant  is  the  Rubia  Tinctoria.  The  value  of  madder  in  dyeing  and  calico 
printing  depends  upon  the  many  different  colors  which  can  be  dyed  by  its  means. 
Thus  an  iron  mordant  gives  purple  shades  from  delicate  mauve  to  black ;  another 
mordant,  alumina,  gives  red  snades,  from  the  palest  pink  to  deep  crimson,  including 
the  brilliant  and  well-known  Turkey  red ;  and.  by  appropriate  admixture  of  these 
mordants,  varieties  of  chocolate-brown  are  produced.  These  colors  are  all  very  per- 
manent.   The  coloring  principle  of  madder  is  alizarine  (which  see). 
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Magellanic  Clouds.    See  Nubecula. 

Magenta.    See  Aniline. 

Magic  Lantern.  An  optical  instrument,  consisting  essentially  of  a  dark  box, 
containing  a  system  of  convex  lenses  attached  to  one  of  its  sides,  and  an  arrange- 
ment fornolding  transparent  pictures  a  little  beyond  the  princt 'pal  focus  of  tie 
combination  of  lenses.  A  strong  light  from  an  oil  or  gas  lamp,  tne  lime  light,  or 
electric  light,  etc.,  being  placed  inside  the  box,  and  condensed  upon  the  picture,  the 
convex  lenses  project  a  magnified  image  of  the  picture  upon  a  white  screen  placed 
in  front. 

Magnesia.    See  Magnesium. 

Magnesia  Light.    See  Lime  Light. 

Magnesite.    See  Carbon  ;  Carbonate  of  Magnesium. 

Magnesium.  A  beautiful  silver-white  metal,  much  resembling  zinc  in  its  chemi- 
cal properties.  Symbol,  Mg.  Atomic  weight,  24.3.  Specific  gravity,  1.75.  It  melts 
at  a  red  heat,  and  takes  fire  at  about  the  same  temperature  in  the  air,  burning  with 
an  intensely-brilliant  white  light  A  wire  or  ribbon  of  magnesium,  lighted  at  one 
end,  will  continue  to  burn  like  a  wax  taper,  and  is  in  constant  use  for  pyrotechnic 
and  illuminating  purposes,  especially  in  photography,  owing  to  its  richness  in  acti- 
nic rays.  When  burning,  it  evolves  dense  white  clouds  of  its  oxide,  magnesia. 
Magnesium  does  not  tarnish  in  dry  air,  but  it  soon  becomes  covered  with  a  white 
coating  of  oxide  in  the  damp.    It  only  forms  one  oxide,  which  is 

Magnesia  (MgO),  a  light,  white,  tasteless,  and  inodorous  powder,  of  specific 
gravity  about  3.1.  It  is  very  slightly  soluble  in  water,  communicating  to  it  a  faint 
alkaline  reaction.  It  dissolves  easily  in  acids,  forming  salts  of  magnesium,  which 
are  for  the  most  part  easily  crystallizable. 

Chloride  of  Magnesium  (MgCl2).  This  is  a  white  crystalline  mass  of  a  pearly 
lustre,  melting  at  a  red  heat,  and  readily  soluble  in  water.  With  increase  of  tem- 
perature the  hydratcd  chloride  (MgCla3H20)  crystallizes  out  on  evaporation  from 
this  solution.  When  this  is  heated,  water  and  hydrochloric  acid  are  evolved,  and 
magnesia  is  left  behind.  The  other  salts  of  magnesium  will  be  described  under  the 
respective  acids. 

Magnet.  (From  the  Greek  /uaywyj.)  A  body  which  has  the  property  of  attract- 
ing iron  and  certain  other  metals  in  a  particular  manner,  is  called  a  magnet  There 
are  permanent  magnets  and  temporary  magnets.  The  latter  are  treated  of  under 
the  names  Electro-magnet  and  Electro-magnetism.  Of  permanent  magnets,  there 
are  natural  magnets  and  artificial  magnets. 

Natural  Magnets.  In  Magnesia,  a  citv  of  Lydia  (hence  probably  itAyvr^),  a  stone 
was  found  which,  it  was  well  known  to  the  Greeks,  had  the  property  of  attracting 
or  drawing  to  itself  small  masses  of  iron.  The  Chinese  also,  as  it  appears  from  an- 
cient manuscripts,  were  acquainted  with  this  stone,  and  with  certain  other  proper- 
ties which  it  possesses.  It  is  now  found  in  many  parts  of  the  world,  in  Arabia, 
China,  India.  Macedonia,  Germany,  Norway,  and  England.  It  is  commonly  called 
loadstone,  and  is  known  to  chemists  under  the  name  of  magnetic  oxide  of  iron.  It 
consists  of  iron  and  oxygen  combined  together  in  the  proportion  of  about  73  parts 
of  the  former  to  27  of  the  latter,  and  is  designated  by  the  formula  Fs04.  It  is  a 
heavy,  hard  stone,  of  color  varying  from  red  to  brown  and  black.  This  stone  at- 
tracts iron,  and  forms  a  natural  magnet 

If  a  piece  of  it  be  rolled  in  iron  filings,  it  will  be  found,  as  a  general  rule,  that 
the  filings  adhere  more  thickly  to  two  points  at  opposite  sides  of  the  mass  than  to 
any  other  parts,  and  that  between  these  there  is  a  region  going  round  the  mass 
which  has  comparatively  little  attractive  power.  These  points  arc  commonly  called 
the  magnetic  poles,  a  line  joining  them  tne  magnetic  axis,  and  the  apparently  at- 
tractionles8  region  the  magnetic  equator.  Now,  if  the  magnet  be  suspended  so  as 
to  be  capable  of  turning  in  any  direction,  it  is  found  to  take  up  a  peculiar  and  defi- 
nite position  with  regard  to  the  earth.  In  our  part  of  the  earth's  surface  the  mag- 
netic axis  points  nearly  north  and  south,  the  same  end  of  it  always  pointing  nortn- 
ward,  and,  at  the  same  time,  it  dips  downwards  towards  the  north — that  is,  makes 
an  angle  acute  towards  the  north,  with  the  horizontal  plane.  The  direction  in 
which  the  magnetic  axis  points  depends  upon  the  position  upon  the  earth's  surface, 
but  at  any  particular  place  and  time  it  is  fixed  and  definite.  A  full  account  of  this 
property  is  to  be  found  in  the  proper  place. 

Again,  if  a  piece  of  soft  iron  be  brought  near  to  the  magnet,  it  is  attracted,  and, 
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at  the  same  time,  it  acquires  the  property  temporarily  of  attracting  other  masses 
of  iron.  Thus  a  piece  of  soft  iron  may  be  suspended  from  the  stone,  and  to  the 
extremity  of  that  piece  another  piece  may  be  made  to  attach  itself  by  attraction, 
and  a  third  to  the  second.  On  removing  the  iron  from  the  influence  of  the  magnet, 
however,  the  property  of  attraction  entirely  vanishes  from  it.  This  phenomenon  is 
called  magnetic  induction.  (See  Induction,  Magnetic.)  Lastly,  if  a  bar  of  hard 
steel  be  rubbed  from  end  to  end  with  the  magnetic  stone,  it  acquires  the  property 
permanently  of  attracting  just  as  does  the  natural  magnet,  and  hence  we  come  to 

Artificial  Magnets.  Under  this  head  we  shall  describe  more  particularly  the 
properties  of  magnets  with  the  preliminary  remark,  that  all  we  have  to  say  applies 
equally  to  the  natural  magnet,  except  that,  owing  to  its  usually  irregular  shape, 
some  of  these  properties  do  not  display  themselves  so  definitely,  and  are  more  diffi- 
cult to  examine  in  it.  The  methods  of  making  artificial  magnets  are  described 
under  Magnetization.  The  best  magnets  are  formed  of  cast  steel,  which  is  made 
as  hard  as  possible,  in  the  first  instance,  and  afterwards  let  down 
to  a  temper  somewhat  below  that  known  as  "drill  temper."  Fig. 87. 

Magnets  are  generally  made  either  in  the  form  of  a  straight  bar, 
or  of  a  bar  bent  round  into  the  form  of  a  horseshoe.  (Fig.  87.) 
The  horseshoe  magnet  is  most  convenient  for  lifting  purposes, 
but  for  many  others  the  bar-magnet  is  best.  Compound  mag- 
nets, formed  of  a  number  of  plates,  each  separately  magnetized, 
and  then  attached  together,  are  also  frequently  used,  the  mag- 
netic power  obtained  in  this  way  being  greater  than  in  the  sim- 
Ele  magnet  of  equal  weight.  As  has  been  remarked,  these  steel 
are,  on  being  rubbed  with  the  loadstone,  become  themselves 
permanently  magnetic,  and  they  also  acquire  the  power  of  mag- 
netizing other  bars :  by  making  a  large  number  of  weak  mag- 
nets, and  afterwards  using  them  in  bundles  to  magnetize  each 
other,  or  to  make  new  magnets,  a  very  high  degree  of  power 
can  be  obtained.  The  natural  magnet  seldom  possesses  very 
great  power  for  lifting.  It  is  much  improved  if  it  is  trimmed 
into  a  regular  shape,  the  poles  being  kept  as  far  distant  as  pos- 
sible, and  furnished  with  armatures  (q.  v.),  which  consist  of  soft  iron  pieces  attached 
to  the  magnetic  mass  covering  the  poles,  and  brought  round  so  as  to  project  beyond 
it  in  the  form  of  two  feet.  In  this  way  the  lifting  power  of  both  poles  is  brought 
to  bear  upon  the  same  mass  to  be  lifted.  Even  prepared  in  this  way  the  natural 
magnet  rarely  liFts  more  than  its  own  weight.  There  are  some  remarkable  instances 
on  record  in  which  this  has  been  exceeded,  but  they  are  few.  The  lifting  power 
of  the  artificial  magnet  depends  much  upon  its  form,  and  the  way  in  which  it  has 
been  magnetized.  Dr.  Knight  was  particularly  successful  with  his  method  of  "sepa- 
rated touch"  (q.  v.),  whether  it  was  from  any  peculiar  advantage  in  the  method,  or 
from  his  own  perseverance  and  skill.  But  by  far  the  most  powerful  permanent  mag- 
nets are  obtainable  from  magnetization  by  means  of  the  electric  current  This  is 
performed  by  placing  the  bar  to  be  magnetized  in  a  spiral,  through  which  an  elec- 
tric current  is  passing,  and  moving  it  backwards  and  forwards  along  the  axis  of 
the  spiral.  In  this  way  Logeman  of  Haerlera  obtained  magnets,  one  of  which 
would  lift  twenty-seven  times  its  own  weight,  and  which  were  exhibited  at  the  meet- 
ing of  the  British  Association  in  1850  by  Sir  David  Brewster.  The  lifting,  power 
of  a  magnet  does  not  increase  in  simple  proportion  to  its  mass.  Hacker  gives  a 
formula  to  express  P  the  weight  lifted  by  a  magnet  whose  own  weight  is  W. 

P=axw* 

that  is  to  say,  the  weight  lifted,  P,  is  equal  to  a  constant  a,  which  depends  upon  the 
method  of  magnetization,  multiplied  by  the  cube  root  of  the  square  of  the  weight 
of  the  magnet.  Thus,  if  a  magnet  weighing  1  pound  lifts  10  pounds,  a  similar  mag- 
net similarly  magnetized  and  weighing  8  pounds  would  only  lift  40  pounds.  It  is 
found  preferable,  in  order  to  obtain  the  greatest  amount  of  lifting  power,  instead  of 
using  a  large  compact  mass  of  steel,  to  magnetize  a  number  of  thin  plates  of  the 
required  shape  and  afterwards  attach  them  together.  This  is  done  by  means  of  a 
soft  iron  armature  which  is  fastened  over  the  extremities  of  the  bars,  and  which  in 
contact  with  them  becomes,  as  has  been  already  explained,  itself  a  magnet.  Also, 
in  order  to  preserve  the  power  of  a  magnet,  another  soft  iron  piece  is  made  use  of, 
27 
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which  is  called  the  keeper.  In  the  case  of  the  horse-shoe  magnet,  the  keeper  is  a 
straight  piece  of  very  soft  iron  pat  in  contact  with  both  poles.  In  the  case  of  bar 
magnets,  two  or  more  are  generally  laid  side  by  side  with  their  opposite  poles 
(see  Magnetism)  towards  the  same  parts,  and  a  soft  iron  keeper  at  each  end  connects 
them. 

Point  of  Saturation;  Coercitive  Force,  In  magnetizing  a  bar  with  a  fery 
powerful  magnet,  it  is  found  that  it  is  possible  to  communicate  to  it  a  greater 
amount  of  power  than  it  can  retain  permanently.  There  is,  in  fact,  a  limit  for  any 
particular  bar  to  the  intensity  of  permanent  magnetization ;  and  if  the  bar  be  mag- 
netized to  a  higher  point  it  gradually  loses  its  magnetism  till  it  reaches  this  limit, 
after  which,  under  ordinary  circumstances,  it  remains  constant.  The  bar  when  mag- 
netized as  highly  as  possible  is  said  to  be  saturated  or  to  be  magnetized  to  satura- 
tion. The  point  of  saturation  depends  entirely  upon  the  molecular  condition  of  the 
steel.  It  has  been  already  remarked  that  soft  iron  has  not  the  slightest  power  of 
retaining  magnetism,  while  hard  steel  possesses  this  faculty  to  a  very  high  degree; 
and  it  is  found  also  that  magnetization  by  induction  takes  place  with  greater  readi- 
ness in  soft  iron  than  in  steel.  There  appears  to  be  a  force  depending  upon  mole- 
cular arrangement  which  acts  to  prevent  the  assumption  of  the  strained  or  polarized 
condition  of  the  steel  bar,  but  wnich,  when  once  this  strained  condition  nas  been 
taken  on,  in  a  similar  way  prevents  the  loss  of  it,  or  the  change  back  to  the  natural 
state.  This  force  generally  goes  by  the  name  of  the  coercitive  force,  though  it 
cannot  be  said  that  anything  very  definite  is  known  respecting  it  As  a  matter  of 
fact,  however,  whatever  changes  the  molecular  condition  of  the  bar  alters  the  power 
which  it  has  of  acquiring  and  retaining  magnetism.  A  soft  iron  bar,  if  it  be  ham- 
mered or  twisted  while  under  the  influence  of  a  neighboring  magnet,  may  be  perma- 
nently magnetized ;  but  that  which  most  of  all  affects  this  retentive  powers  is  the 
temper  of  the  metal.  Change  of  temperature  also  produces  an  effect  upon  a  mag- 
netized bar ;  the  magnetic  force  being  always  diminished  as  the  temperature  riles. 
If  the  changes  are  small,  the  bar  does  not  permanently  alter,  and  on  cooling  it  again 
resumes  its  former  force ;  but  on  being  strongly  heated  it  permanently  loses  a  certain 
amount  of  its  power,  the  loss  depending  on  the  temperature  to  wnich  it  has  been 
raised ;  aud  when  it  attains  a  rea  heat  it  becomes  completely  demagnetized.  On 
the  other  hand,  alteration  of  temperature  may  be  made  a  means  of  magnetization ; 
thus  if  a  bar  be  very  strongly  heated,  as  to  redness,  and  then  suddenly  cooled  while 
between  the  poles  of  a  powerful  magnet,  it  may  permanently  attain  a  very  high 
degree  of  magnetic  iutensity. 

distribution  of  Magnetism  in  Permanent  Magnets.  It  has  been  already  stated 
with  regard  to  natural  magnets,  that  there  are  in  general  two  points  at  which  the 
magnetic  force  of  the  magnet  appears  to  be  concentrated.  This  is  even  more  evident 
in  the  case  of  artificial  magnets.  If,  for  example,  a  bar  magnet  be  thrust  into  a 
mass  of  iron  filings,  they  are  fonnd  to  cover  the  extremities,  hanging  from  them  ii 
thick  bunches,  while  to  the  middle  of  the  magnet,  little  or  none  adheres,  and  from 
the  middle  to  the  end,  the  quantity  adhering  is  easily  perceived  gradually  to  in- 
crease. Coulomb,  by  oscillating  a  small  needle  near  to  different  parts  of  a  large 
bar,  examined  the  distribution  of  the  magnetic  force  at  different  parts  of  it  He 
found  two  places  of  great  intensity,  one  at  a  short  distance  from  each  of  the  ends; 
thus  in  a  bar  8  inches  long  he  found  them  1.6  inch  from  the  extremities.  But  what 
is  really  the  case  with  regard  to  magnetized  bars  is  this,  that  they  may  be  considered 
as  being  made  up  of  small  elementary  bars,  each  of  which  is  itself  a  magnet,  and 
that  the  force  at  any  particular  point  is  the  resultant  force  of  all  the  elementary 
forces  acting.  Thus  a  bar  magnet  may  be  broken  up  into  a  number  of  very  email 
pieces,  and,  when  these  are  examined,  each  of  them  is  found  to  be  a  magnet  having 
its  north  and  south  pole  lying  in  the  same  direction  as  those  of  the  bar  from  which 
it  is  broken.  These,  if  again  put  in  contact,  as  they  were  before  breaking,  will  give 
the  same  effect  as  the  original  magnet. 

The  properties  of  magnets  are  treated  of  under  Magnetism  ;  Attraction  and  Re~ 
pulsion,  Magnetic  ;  Induction,  Magnetic,  and  other  names  under  which  they  are 
Known.  The  directive  influence  of  the  earth,  which  was  adverted  to  at  the  begin- 
ning of  this  article,  is  considered  under  Magnetism,  Terrestrial. 

Magnetic  Attraction  and  Repulsion.  See  Attraction  and  Repulsion,  Mag- 
netic; also  Magnet,  Magnetism. 

Magnetic  Axis.    See  Axis,  Magnetic. 
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Magnetic  Battery.    See  Battery,  Magnetic. 

Magnetic  Curves.    See  Curves,  Magnetic. 

Magnetio  Declination.  See  Declination,  Magnetic ;  and  Magnetism,  Terres- 
trial. 

Magnetic  Dip.    See  Dip,  Magnetic  ;  and  Magnetism,  Terrestrial. 

Magnetic  Elements.  The  magnetic  force  at  any  place  on  the  earth's  surface  is 
completely  defiued  if  its  direction  and  magnitude  are  known,  and  these  are  com- 
monly given  by  stating  the  magnetic  declination,  inclination,  and  intensity,  which 
are  called  the  magnetic  elements.  The  declination  is  the  angle  which  a  needle  free 
to  torn  in  a  horizontal  plane  makes  with  the  geographical  meridian ;  the  inclination 
is  the  angle  which  a  needle,  free  to  turn  in  the  plane  of  the  magnetic  meridian, 
makes  with  the  horizontal  plane ;  and  the  intensity  is  the  absolute  amount  of  mag- 
netic force  at  the  place,  and  is  measured  by  ascertaining  the  velocity  which  would 
be  imparted  to  a  magnetic  pole  of  unit  strength,  and  unit  mass,  in  unit  time.  For 
the  present  year  (1870)  the  magnetic  elements  arc  as  follows  at  London: — 

Declination           .  .  19°55'W. 

Inclination            .  .  67°55' 

f  Horizontal  Force  .  .  3.83  ]      Units  being  feet, 

Intensity,        i  Vertical  Force      .  .  9.49  >     grains,  and  sec- 

( Total  Force           .  .  10.24  J     onds. 

Magnetic  Equator.  See  Equator,  Magnetic,  and  Aclinic  Line;  and  Mag- 
netism, Terrestrial. 

Magnetic  Field.    See  Field,  Magnetic. 

Magnetic  Force,  Lines  of.    See  Lines  of  Force,  Magnetic,  and  Field,  Mag- 
netic 
*    Magnetic  Inclination.    See  Dip,  Magnetic,  and  Magnetism,  Terrestrial. 

Magnetic  Intensity.    See  Intensity,  Magnetic,  and  Field,  Magnetic. 

Magnetic  Machine ;  or.  Magnetic  Battery.    See  Battery,  Magnetic. 

Magnetic  Meridian.  The  plane  of  the  magnetic  meridian  at  any  place  is  a 
Tertical  plane  passing  through  the  two  points  where  the  axis  of  a  magnet,  free  to 
turn  in  a  horizontal  plane,  cuts  the  horizon.  Duperry  gave  the  name  "  magnetic 
meridians"  to  a  system  of  curves  which  would  be  traced  out  by  moving  always  in 
the  direction  in  which  a  declination  compass  points.  Those  lines  all  terminate  in 
the  two  magnetic  poles,  one  in  North  America  and  the  other  south  of  Australia 
(see  Magnetism,  Terrestrial),  and  bear  somewhat  the  same  relation  to  each  other 
and  to  the  magnetic  parallels  as  the  geographical  meridians  do  to  each  other  and  to 
theparallels  of  latitude. 

Magnetic  Moment.  A  term  used  in  the  mathematical  theory  of  magnetism  and 
in  magnetic  measurements.  In  a  uniform  magnetic  field  two  equal  and  opposite 
forces  act  upon  the  poles  of  the  magnet  tending  to  set  it  so  that  the  line  joining  the 
poles  may  be  parallel  to  the  line  of  magnetic  force.  The  nature  of  this  tendency  is 
thus  that  of  a  couple ;  and  if  the  magnet  be  placed  perpendicular  to  the  lines  of 
force  the  amount  of  it  is  proportional  to  the  intensity  of  the  magnetic  field,  the 
strength  of  the  poles,  and  the  length  of  the  magnet  In  a  field  of  unit  intensity, 
therefore,  the  couple  will  be  measured  by  the  product  of  the  numbers  expressing  the 
strength  of  the  poles  and  the  length  of  the  magnet,  and  this  is  termed  the  magnetic 
moment. 

Magnetic  Heedle.    See  Needle,  Magnetic 

Magnetic  Observatory.    See  Observatory,  Magnetic. 

Magnetic  Oxide  of  Iron.    See  Iron;  Magnet;  Loadstone. 

Magnetic  Parallels.  Lines  drawn  by  Duperry  at  right  angles  to  the  magnetic 
meridians  (q.  v.).  Thev  bear  the  same  relation  to  them  that  the  parallels  of  lati- 
tude do  to  the  geographical  meridians. 

Magnetic  Poles.    It  is  found  that  the  places  of  greatest » 
netic  force  occur  near  to  the  extremities  of  a  matrnet.  i 
generally  called  the  poles  of  the  magnet    The  notux 
as  used  in  common  parlance,  is,  however,  freqneo*" 
define  the  poles  of  a  magnet,  with  reference  to  the 
netic  axis,  as  the  points  where  the  magnetic  azk  I 
magnet  on  each  side. 
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Magnetic  Saturation.    See  Saturation  of  a  Magnet  and  Magnet. 

Magnetic  SonndB.  If  an  iron  rod  which  is  surrounded  by  a  powerful  coil  is 
made  to  rest  on  a  sounding  board,  and  if  currents  are  then  Bent  through  the  coil,  a 
tick  is  heard  from  the  rod  each  time  the  current  is  broken.  This  noise  has  received 
the  name  of  the  magnetic  tick.  If  the  current  be  suddenly  caused  to  flow,  and  sud- 
denly stopped  by  means  of  an  ordinary  contact  breaker,  or  with  the  aid  of  a  file 
(see  Break),  the  tick  is  heard  at  each  stoppage  of  the  current.  The  noise  is  attrib- 
uted to  a  sudden  shortening  which  the  iron  bar  experiences  on  being  demagnetized. 
Wertheim  showed  that  at  magnetization  a  bar  is  slightly  lengthened,  and  at  demag- 
netization slightly  shortened  :  and  Joule,  experimenting  on  the  subject,  found  in  one 
case  an  elongation  of  ttoWif  °f  the  whole  length  of  the  bar.  The  sounds  produced 
in  this  manner  have  been  made  use  of  in  the  construction  of  an  acoustical  telegraph 
instrument.    (See  Telephone.) 

Magnetic  Storm.  Humboldt  gave  this  name  to  violent  disturbances  in  the 
earth's  magnetism  which  take  place  from  time  to  time.  The  magnetic  elements,  that 
is,  the  declination,  inclination,  and  intensity,  are  perpetually  undergoing  gradual 
and  periodical  change  (see  Magnetism,  Terrestrial) ;  but  besides  these,  there  are 
sudden  and  great  alterations  in  them  which  take  place  irregularly.  Thus  a  line 
traced  out  by  a  self-registering  declinometer  or  inclinometer  is  always  curved,  and 
generally  presents  a  regular  wavy  appearance;  but  besides  this,  sudden  abrupt 
changes  in  its  contour  are  displayed  at  times,  indicating  unusual  disturbance.  It 
was  soon  observed  that  these  disturbances  have  close  connection  with  certain  meteor- 
ological phenomena,  and  hence  Humboldt's  name,  magnetic  storm.  It  is  found  that 
a  magnetic  storm  is  the  universal  concomitant  of  the  aurora  borealis.  "  In  the  day 
that  precedes  the  night  in  which  an  aurora  borealis  should  appear,"  says  De  La 
Rive,  "  the  declination  of  the  needle  to  the  west  is  always  sensibly  increased  10',  20', 
30',  and  even  more. 

"  At  the  middle  and  end  of  the  appearance  the  needle  deviates,  on  the  contrary, 
more  to  the  east  than  it  should  do  in  its  normal  state. 

"  Finally,  the  needle  frequently  undergoes,  during  the  period  of  the  phenomenon 
of  the  aurora  borealis,  irregular  oscillations,  the  amplitude  of  which  may  be  some 
minutes  of  a  degree." 

The  same  is  found  to  be  the  case  with  the  aurora  australis,  and  the  other  magnetic 
elements  are  likewise  affected  by  them.  The  influence  of  a  magnetic  storm  extends 
itself  over  very  large  portions  of  the  globe  simultaneously :  it  has  been  found  that 
an  aurora  visible  only  in  America  or  in  Siberia  is  sensible  to  the  magnetic  needle  at 
Paris. 

Little  or  nothing  is  known  of  the  origin  of  the  magnetic  storm  or  of  the  aurora. 
The  aurora  is  pretty  generally  supposed  to  be  due  to  electric  discharges  taking  place 
through  the  attenuated  air  at  a  distauce  from  the  earth's  surface,  and  the  effect  upon 
the  needle  to  be  that  of  a  discharge  taking  place  near  to  it ;  but  whence  these  dis- 
charges and  the  electric  excitement  that  produces  them  come  is  unexplained.  Sabine 
showed  that  for  magnetic  storms  there  is  a  decennial  period  of  greatest  frequency, 
which  occurs  simultaneously  with  a  maximum  period  observed  for  auroras,  and  that 
this  time  coincides  with  that  of  the  greatest  frequency  of  solar  spots.  It  has  been 
fully  confirmed,  that  the  occurrence  of  unusual  sun  spots  is  attended  by  unusual 
magnetic  disturbance. 

Magnetization,  or  the  making  of  artificial  magnets,  is  performed  in  two  principal 
waysTnrst,  by  contact  with  other  magnets,  natural  or  artificial ;  and,  secondly,  by 
means  of  the  electric  current.  The  making  of  artificial  magnets  requires  great  care, 
otherwise  they  are  sure  to  be  unevenly  magnetized,  or  perhaps  even  to  possess  con- 
sequent points.  There  are  three  methods  by  which  the  contact  of  other  magnets  is 
applied  to  magnetized  bars :  these  are  commonly  called  the  method  of  single  touchy 
separated  touch,  and  double  touch.  Magnetization  by  single  touch  is  the  simplest, 
and  is  performed  in  the  following  way.  The  bar  to  be  magnetized  is  laid  on  a  table, 
and  stroked  from  end  to  end  with  one  extremity  of  a  magnet,  the  stroking  always 
taking  place  in  the  same  direction,  the  magnet  being  lifted  off  after  each  stroke,  and 
brought  back  to  the  first  end  again.  After  twenty  or  thirty  applications  the  bar  is 
turned  over,  and  the  same  operation  performed  on  the  other  side,  and  in  the  same 
direction.  When  this  is  done,  the  bar  will  be  found  to  be  magnetized ;  that  end  of 
it  at  which  the  magnet izer  always  left  it  possesses  the  opposite  magnetism  to  that 
of  the  pole  with  which  it  was  stroked.    It  is  very  difficult  by  this  method  to  give 


MAGNETIZATION. MAGNETISM.  421 

even  magnetization,  nor  are  the  magnets  produced  so  powerful  as  those  made  by  the 
methods  about  to  be  described.    Its  recommendation  is  its  simplicity. 

Magnetization  by  separated  touch  was  invented  by  Dr.  Knight  in  1745,  and 
afterwards  improved  by  Duhamel.  As  now  performed  four  magnets  are  used.  Two 
of  them  are  placed  on  a  table,  with  their  poles  a  short  distance  apart,  the  opposite 
poles  being  near  to  each  other,  and  the  bar  to  be  magnetized  is  placed  with  its  ends 
resting  on  them.  The  other  magnets  are  then  taken  and  placed  with  their  extremi- 
ties, one  a  north  end,  the  other  a 

south  end,  resting  in  the  middle  of  Fig.  88. 

the  bar,  a  little  billet  of  wood  being 
placed  in  the  middle  to  prevent  them 
from  touching.  The  magnets  are 
then  drawn  out  to  the  ends  of  the  bar 
as  evenly  as  possible,  the  one  whose 
north  end  rests  on  the  bar  going 
towards  the  extremity  of  the  bar 
that  rests  on  the  north  end  of  a  supporting  magnet.  (Fig.  88.)  The  magnets,  when 
they  come  to  the  ends,  are  lifted  up  and  brought  back  without  touching  to  the  middle, 
ana  again  drawn  outwards  in  the  same  way.  The  bar  is  afterwards  turned  over  and 
Stroked  similarly  on  the  other  side.  This  method  gives  very  powerful  and  at  the 
same  time  very  even  magnets. 

The  method  of  double  touch  was  invented  by  Mitchell.  Four  magnets  are  also 
used  in  it,  the  arrangement  being  similar  to  those  for  separated  touch ;  but  in  strok- 
ing the  bar,  instead  of  drawing  one  magnet  to  each  ena,  the  two  are  moved  back- 
ward and  forward  together  from  end  to  end,  and  finally  lifted  off  in  the  middle. 
(Fig.  89.)     Very  powerful  magnets 

are  made  by  this  method,  but  they  Fig.  89. 

are  wanting  in  evenness.  But  by  far 
the  most  powerful  magnets  are  ob- 
tained from  magnetization  by  means 
of  the  electric  current.    The  bar  to 

be  magnetized  is  placed  iu  the  axis  of  *     ""■•^ff'KW"      & 

a  spiral  copper  wire,  the  spiral  being 
at  the  middle  of  the  bar.  A  power- 
ful electric  current  is  then  made  to  pass  through  the  wire,  and  the  bar  is  moved 
backwards  and  forwards  in  the  direction  of  its  length.  After  a  few  passings,  it  is 
again  brought  to  its  old  position  with  the  spiral  in  the  middle  of  it,  and  the  current 
is  stopped.  Extremely  powerful  magnets  were  made  in  this  way  by  M.  Elias  of 
Haerlem,  and  Logeman,  who,  however,  kept  the  details  of  their  process  secret. 

Magnetization  of  Light.  See  Circular  Polarization  induced  by  Magnetic 
Action. 

Magnetization  produced  by  the  Sun's  Rays.    It  is  somewhat  doubtful  whether 

sunlight  shining  on  a  steel  needle  will  confer  magnetic  power  on  it.  Some  experi- 
mentalists have  recorded  that  by  concentrating  the  violet  end  of  the  spectrum  upon 
one  end  of  a  needle,  it  conferred  magnetic  properties  upon  it,  but  others  nave  repeated 
the  experiment  unsuccessfully.  It  is  possible  that  some  such  action  would  be  pro- 
duced under  favorable  circumstances,  but  the  experiments  require  verification. 

Magnetism.  The  science  of  magnetism  treats  of  the  properties  of  certain  bodies 
called  magnets,  which  are  primarily  known  from  the  power  they  possess  of  attract- 
ing iron  and  its  compounds.  It  will  be  our  business  here  to  unfold  these  properties 
and  display  the  relations  of  the  magnetic  to  other  known  forces ;  but  since,  owing  to 
the  arrangement  of  this  work,  the  particular  portions  of  each  subject  are  necessarily 
discussed  under  their  respective  particular  names,  we  shall  be  obliged  to  assume,  to 
avoid  circumlocution,  that  the  reader  is  already  to  a  certain  extent  acquainted  with 
some  of  them,  merely  giving  reference  here  which  will  enable  him  to  make  himself 
so,  if  he  be  not.  Under  the  words  Magnet,  Magnetization,  will  be  found  an  accc*" 
of  these  bodies  themselves,  and  of  the  method  of  making  them  ;  we  shall  getter 
throughout  this  article  understand  by  a  maqnet  a  bar  of  steel  endued  wf  ~ 
property  of  attracting  iron  and  with  certain  others  which  we  are  about  to  Sp* 

Distribution  of  Magnetic  Force.     If  a  small  ball  of  soft  iron  be  stupe*" 
thread,  and  if  a  magnetized  bar  be  brought  near  it,  it  will  be  found  t>* 
of  the  magnet  will  attract  the  ball,  but  that  the  middle  of  the  be" 
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attractive  power  at  all.  Or  if  a  small  cylinder  of  iron  suspended  from  the  arm  of  a 
balance  be  used,  and  a  magnet  passed  from  end  to  end  under  it,  it  may  easily  be 
shown  that  at  the  extremities  of  the  bar  there  is  a  very  powerful  attractive  force 
which  gradually  diminishes  to  zero  as  we  approach  the  middle.  The  same  thing 
may  be  very  beautifully  shown,  if  the  bar  be  rolled  in  iron  filing* ;  the  filings  ad- 
hering to  the  different  parts  of  it  in  proportion  to  the  attraction  which  those  parts 
possess.  It  has  been  shown  by  Coulomb,  by  means  of  his  torsion  balance,  that  two 
points  of  maximum  attraction  exist,  one  near  to  each  end  of  the  magnet,  and  these 
are  frequently  called  the  poles  of  the  magnet.  Coulomb  showed  that  for  a  short  bar 
the  distance  of  the  point  of  greatest  intensity  from  the  end  is  one-sixth  of  the  length, 
and  that  the  thinner  and  longer  the  bar  is  the  nearer  is  this  point  to  the  extremity  of 
it.  With  regard  to  the  internal  distribution  of  the  force  but  little  that  is  satisfactory 
is  known.  Coulomb  tried  to  examine  it  by  tying  bundles  of  bars  together  and  de- 
termining their  combined  as  well  as  their  separate  force.  Nobili  also  investigated 
the  subject,  and  he  found  that  the  force  obtained  by  putting  magnets  together  in 
this  way  does  not  at  all  increase  in  proportion  to  the  number  of  bare.  It  appears 
also  from  other  considerations,  that  in  a  magnetized  bar  the  intensity  of  the  magnet- 
ization decreases  as  we  go  towards  the  interior,  and  that  it  may  be  looked  upon  as 
made  up  of  layers  of  magnetized  matter,  the  inside  layers  being  less  magnetized  than 
those  exterior  to  them.  When  a  magnetized  bar  is  broken  up  it  is  found  that  each 
little  portion  is  itself  a  magnet,  its  poles  being  in  the  same  direction  with  regard  to 
each  other  as  were  the  poles  of  the  entire  magnet ;  and  if  the  pieces  are  again  put 
in  contact,  the  original  magnet  is  reformed  with  no  alteration,  except,  perhaps,  a 
little  weakening  of  magnetic  power  due  to  disturbance  in  breaking  it. 

Action  of  Magnets  upon  Magnets.  It  is  well  known  to  all,  that  a  magnet,  when 
suspended  so  as  to  be  capable  of  turning  round  a  vertical  axis  perpendicular  to  its 
length,  places  itself  so  as  to  point  nearly  north  and  south,  the  same  end  invariably 
pointing  in  the  same  direction.  Of  this  the  mariner's  compass  is  a  sufficiently  familiar 
example.  From  this  property  one  end  is  distinguished  from  the  other ;  and  by  Eng- 
lish writers  that  end  which  points  northwards  is  called  the  north  end,  that  whicn 
points  southward  the  south  end.  Continental  writers  designate  them  differently  and 
with  more  reason.  (See  Magnetism,  Terrestrial.)  If  two  magnets  be  brought  near 
to  each  other,  north  end  to  south  end,  attraction  takes  place  between  them  ;  if,  on 
the  other  hand,  a  north  end  be  presented  to  a  north  end,  or  a  south  end  to  a  south 
end,  repulsion  is  manifested.  Hence  we  have  a  distinction  between  the  forces  ex- 
erted by  the  two  ends  of  a  magnet,  and  the  rule  that  like  poles  repel  each  other  and 
unlike  attract.  The  laws  which  govern  the  action  of  one  magnet  upon  another  were 
examined  by  Coulomb  in  the  case  of  very  long  and  very  thin  bars  by  means  of  his 
torsion  balance ;  and  he  came  to  the  conclusion  that  both  for  attraction  and  repul- 
sion, the  force  exerted  between  two  poles  varies  inversely  with  the  square  of  the 
distance  between  them,  and  that  forces  equal  in  amount,  though  opposite  in  direc- 
tion, are  exerted  by  the  poles  of  the  samemaanet  upon  one  pole  of  another  magnet 
These  laws,  when  mathematically  expressed,  have  been  always  received  as  the  foun- 
dation of  the  dynamics  of  magnetism.  See  a  paper  by  Sir  W.  Thomson  in  the  Phil- 
osophical Transactions,  Fart  I.  for  1851,  on  "  A  Mathematical  Theory  of  Magnet- 
ism.1' 

Action  of  Magnets  upon  Bodies  not  in  themselves  Magnets.  It  is  mentioned 
above,  and  has  long  been  known,  that  magnets  attract  soft  iron.  This  is  due  to  the 
property  which  magnets  have  of  conferring  upon  certain  bodies,  not  in  themselves 
magnets,  temporary  magnetism ;  and  the  action  which  goes  on  is  called  magnetic 
induction.  If  the  ends  of  a  bar  of  soft  iron  in  the  neighborhood  of  a  permanent 
magnet  be  examined,  they  will  be  found  to  possess  all  the  properties  of  a  magnet 
Thus,  if  the  north  end  of  a  magnet  be  brought  near  to  one  end  of  the  soft  iron  bar, 
it  will  be  found  that  both  ends  of  the  latter  have  an  attractive  power  for  other 
masses  of  soft  iron,  and  that  the  end  near  to  the  permanent  magnet  is  a  south  pole 
end,  the  remote  end  a  north  pole.  The  induced  southern  magnetism  in  it  and  the^ 
northern  magnetism  of  permanent  bare  attract  each  other.  Repulsion  of  course  takes 
place  between  the  induced  northern  magnetism  of  the  soft  iron  bar  and  the  northern 
magnetism  of  the  permanent  magnet,  but  owning  to  the  difference  of  distance  in  the 
two  cases,  the  attraction  on  the  whole  prevails.  This  inductive  effect  may  be  propa- 
gated still  further.  Thus,  suppose  a  small  cylinder  of  soft  iron  to  be  allowed  to  at- 
tach itself  by  attraction  to  a  magnet,  magnetism  of  the  kind  similar  to  that  of  the 
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pole  with  which  it  is  in  contact  is  developed  at  the  remote  end  of  it.  By  means  of 
this  a  second  cylinder  may  be  attracted,  induction  taking  place  in  it  also ;  and  in  the 
same  way  a  third  and  fourth.  As  soon,  however,  as  the  cylinders  are  removed  from 
the  influence  of  the  magnet,  the  attraction  which  they  have  for  each  other  at  once 
ceases;  the  whole  chain  falls  to  pieces,  each  cylinder  having  returned  to  its  natural 
state.  So  much  has  long  been  known  with  regard  to  the  action  of  magnets  upon 
bodies  not  permanently  magnetized,  and  it  was  also  known  that  a  few  other  bodies, 
such  as  nickel  and  cobalt,  are  similarly  affected ;  but  it  was  reserved  for  Faraday  to 
show  that  every  body  without  exception  is  subject  to  the  magnetic  iufluence,  and  for 
him  and  Thomson  to  revolutionize  the  whole  magnetic  theory. 

According  to  Faraday's  explanation,  the  action  of  a  magnet  is  to  be  conceived  of 
as  spreading  all  around  it  in  "lines  of  force;"  and  he  speaks  of  the  space  through 
which  the  magnetic  influence  extends  as  a  "field  of  force"  or  a  magnetic  field. 
Close  to  the  magnet,  the  lines  of  force  are  very  concentrated,  and  the  intensity  of  the 
magnetic  field  is  very  great ;  the  lines  of  force  then  radiate  out  in  all  directions ; 
they  are  not,  however,  straight  lines,  and  the  intensity  decreases  the  further  we  pro- 
ceed from  the  magnet  He  showed  that  all  bodies  may  be  placed  in  a  series  accord- 
ing to  the  tendency  which  they  have  to  occupy  the  intense  portion  of  the  magnetic 
field.    The  following  is  his  arrangement  of  them : — 


Iron. 

Crown  Glass. 

Copper. 

Cadmium. 

Nickel. 

Platinum. 

Silver. 

Tin. 

Cobalt 

Osmium. 

Lead. 

Zinc. 

Manganese. 

Air  and  Vacuum. 

Water. 

Heavy  Glass. 

Chromium. 

Arsenic 

Mercury. 

Antimony. 

Cerium. 

Ether. 

Sodium. 

Phosphorus. 

Titanium. 

Alcohol. 

Flint  Glass. 

Bismuth. 

Palladium. 

Gold. 

Suppose  now  that  a  mass  of  soft  iron  is  suspended  in  air  in  the  vicinity  of  a  mag- 
net bince  the  iron  has  a  greater  tendency  tnan  the  air  to  occupy  the  part  of  the 
magnetic  field  of  highest  intensity — that  is,  the  part  nearest  to  the  magnet — it 
moves  into  it ;  in  fact,  it  is  attracted.  On  the  other  hand,  a  crystal  of  bismuth  pos- 
sesses less  tendency  than  does  the  air  to  occupy  a  place  of  high  intensity,  ana  it 
therefore  gives  place  to  the  air — that  is  to  say,  it  is  repelled.  The  same  is  true  of 
these  bodies  when  they  are  placed  in  vacuo,  air  and  vacuum  having  the  same  mag- 
netic power;  nor  is  the  result  altered  by  increasing  or  diminishing  the  density  of  the 
air.  Hence  Faraday  was  led  to  assign  to  air  and  vacuum  the  zero  of  magnetic 
power,  and  to  call  those  bodies  which  rank  above  vacuum,  such  as  iron,  paramag- 
netic bodies,  those  which,  like  bismuth,  rank  below  it,  diamagnetic  bodies.  The 
word  magnetic,  he  says,  ought  to  be  general,  and  to  include  all  the  phenomena  and 
effects  produced  bv  the  power.  We  regret  that  our  space  does  not  permit  us  to 
enter  more  in  detail  into  these  wonderful  discoveries.  An  account  of  the  experiments 
which  led  to  them  is  to  be  found  under  Diamagnetism  ;  and  under  Lines  of  Force, 
and  Field,  Magnetic,  are  given  the  outlines  of  that  which  now  forms  the  basis  of  the 
mathematical  theory.  Faraday's  own  beautiful  experiments  are  published  in  the 
Phil.  Trans.,  1846,  1849,  1850 ;  and  those  specially  on  Linos  of  Magnetic  Force,  in 
1852,  and  in  the  Royal  Institution  Proceedings,  Jan.  23,  1852. 

Effect  of  Magnetism  on  Light  and  Heat.  Information  on  this  subject  will  be 
found  under  Circular  Polarization  induced  by  Magnetic  Action.  We  merely 
mention  the  effect  here.  When  a  ray  of  light  or  heat  passes  through  a  Nicolas 
prism,  it  is  polarized  ;  and  a  second  Nicol's  prism,  placed  so  that  its  principal  sec- 
tion is  perpendicular  to  that  of  the  first,  completely  cuts  off  the  ray.  But  when 
certain  substances  are  put  between  the  two  prisms,  the  light  or  heat  appears  again, 
the  plane  of  polarization  having  been  altered.  This  is  the  case  with  light,  as  was 
shown  by  Faraday  (Phil.  Trans.,  1846),  if  a  plate  of  glass,  under  the  influence  of 
the  poles  of  a  very  powerful  magnet,  is  arranged  in  this  position,  and  it  was  from 
■  experiments  on  this  subject  that  he  was  led  to  his  discovery  of  diamagnetism.  Wart- 
mann  subsequently  extended  the  observation  to  heat  when  a  plate  of  rock-salt  is  sim- 
ilarly used.  The  laws  of  this  phenomenon  were  carefully  examined  by  Faraday,  and 
afterwards  bv  other  observers,  and  the  amount  of  rotation  by  various  transparent 
bodies  recorded. 

The  Directive  Action  of  the  Earth  vpon  Magnets  is  treated  of  fully  under  Mag- 
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netism,  Terrestrial ;  and  the  action  of  currents  upon  magnets,  and  of  magnets  upon 
currents,  under  Electro-Magnetism  and  Magneto- Electric  Induction, 

Theories  of  Magnetism.  The  first  theory  of  magnetism,  leaving  out  the  old 
poetic  theories  of  the  Greeks,  which  endowed  the  magnet  with  a  spirit,  or  supposed 
it  to  emit  an  affluvium  which,  spreading  from  the  magnet,  seized  and  dragged  the 
iron  towards  it,  assumed  the  existence  of  two  magnetic  fluids,  a  northern  fluid  and  a 
southern  fluid.  These  were  supposed  to  attract  each  other,  and  to  be  each  of  them 
repulsive  of  itself.  In  the  natural  condition,  a  mass  of  iron  contains  these  fluids  in- 
timately united,  and  in  equal  quantities,  and  the  whole  mass  is  then  in  a  neutral 
condition ;  but  when  a  mass  of  soft  iron  is  brought  near  to  one  pole  of  a  magnet,  the 
fluid  at  that  pole  attracts  the  opposite  fluid  which  pervades  the  iron  bar  towards  itself, 
and  repels  the  other,  namely,  that  which  is  similar  to  itself,  to  the  remote  end  of  the 
bar,  and  so  the  soft  iron  becomes  for  the  time  a  magnet.  On  removing  the  magnet, 
the  two  fluids  meet  together  again  and  recombine.  In  the  case  of  steel,  however, 
things  are  somewhat  different ;  for  in  it  exists  the  coercitive  force  which,  in  the  first 
place,  acts  against  the  separation  of  the  two  fluids  by  induction.  But  when  the 
separation  is  accomplished,  as  by  one  of  the  processes  of  magetization,  the  coercitive 
force  acts  so  as  to  prevent  their  recombination,  and  thus  we  have  a  permanent  magnet. 
According  to  this  view,  however,  if  a  bar  of  soft  iron  were  divided  in  the  middle 
while  under  the  influence  of  a  magnet,  or  if  a  permanent  magnet  were  broken,  one- 
half  would  have  an  absolute  charge  of  northern  magnetism,  and  the  other  of  south- 
ern magnetism ;  but  this  we  know  is  not  the  case,  for  the  pieces  of  a  broken  magnet 
present  a  pole  at  each  end,  and,  in  fact,  such  a  thing  as  an  absolute  charge  of  one  or 
other  fluid  is  altogether  unknown  to  us.  To  meet  this  difficulty,  it  is  supposed  that  the 
molecules  of  which  the  magnet  is  composed,  contain  or  arc  surrounded  with  these 
fluids,  and  that  the  action  of  induction  or  of  magnetization  is  to  separate  it  with  re- 
gard to  them.  Each  little  molecule  would  thus  be  a  magnet,  and  the  aggregate 
effect  of  them  would  be  to  give  poles  at  the  extremities  of  the  bar,  such  as  those 
which  we  know  magnets  to  possess. 

A  more  recent  theory  supposes  that  all  magnetic  substances,  such  as  iron,  nickel, 
cobalt,  are  composed  of  particles  each  of  which  is  a  permanent  magnet,  but  in  the 
ordinary  unmagnetized  state,  the  little  magnets  have  their  poles  turned  in  all  direc- 
tions, so  that  one  neutralizes  the  effect  of  the  other.  The  process  of  magnetization, 
whether  by  induction  or  in  any  other  wav,  is  considered  to  have  its  effect  in  turning 
all  the  north  poles  one  way,  and  the  south  poles  the  opposite,  and  thus  producing  the 
northern  and  southern  forces  as  general  resultants  of  the  whole. 

The  celebrated  theory  of  Ampere  is  very  different  from  any  of  these.  Observing 
the  intimate  relations  of  electric  currents  to  magnets,  and  the  attraction  and  repul- 
sion exerted  between  magnets,  and  wires  transmitting  currents,  and  also  between 
two  wires,  each  of  which  causes  a  current,  he  formed  the"  theory  which  we  shall  now 
explain.  We  must  refer,  however,  to  our  article  on  Electro-Dynamics  and  Electro- 
Magnetism  for  the  proofs  of  some  of  the  facts.  Suppose  that  we  have  two  helices 
of  copper  wire,  or  solenoids,  as  they  are  called,  and  that  the  current,  after  entering, 
passes  through  the  helix  always  in  the  direction  of  the  hands  of  a  watch ;  and  let 
these  be  made  movable  about  an  axis,  perpendicular  to  the  axis  of  the  helix.  Then, 
on  bringing  near  to  each  other  the  ends  at  which  the  current  enters,  or  the  ends  at 
which  the  current  leaves  the  solenoids,  repulsion  will  be  found  to  take  place ;  and  on 
bringing  near  one  of  the  ends  at  which  the  current  enters,  a  solenoid,  and  the  end  at 
which  it  leaves  the  other,  attraction  is  exhibited,  just  as  would  be  the  case  if  the  like 
and  Unlike  ends  of  two  magnets  were  presented  to  each  other.  Moreover,  if  the  north 
end  of  a  permanent  magnet  be  brought  near  to  the  end  at  which  the  current  enters 
one  of  these  solenoids,  that  end  is  attracted ;  and  if  it  be  brought  near  to  the  end  at 
which  the  current  leaves  the  solenoid,  repulsion  takes  place.  Lastly,  a  solenoid  free 
to  move  obeys  also  the  laws  of  terrestrial  directive  force,  just  as  does  a  magnet. 
Ampere,  therefore,  supposes  a  magnet  to  be  practically  a  solenoid,  in  which  the  cur- 
rent enters  at  the  south  pole,  and  travels  in  a  spiral  round  it  to  the  north,  the  motion 
taking  place,  so  that  an  observer,  looking  at  the  south  pole,  would  see  the  current 
move  in  the  direction  of  the  hands  of  a  watch.  He  supposes  that  magnetic  bodies  in 
their  natural  state  are  made  up  of  molecules,  round  which  currents  are  always  cir- 
culating, and  that,  when  unmagnetized,  these  currents  are  circulating  in  all  direc- 
tions, and  thus  the  effect  of  the  whole  is  neutral.  But  when  the  body  is  magnetized, 
the  currents  are  all  turned  round  bo  as  to  flow  in  one  direction,  the  direction  being 
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that  of  the  hands  of  a  watch  to  an  observer  looking  on  the  south  pole,  while  the 
north  pole  points  away  from  him.  The  general  effect  of  the  whole  is  to  present  a 
body  at  whose  exterior  currents  are  circulating)  and  which  acts  precisely  as  a  solenoid 
would. 

Magnetism,  Correlation  of.  Numerous  illustrations  of  the  connection  of  mag- 
netism with  the  other  physical  forces  are  to  be  found  in  consideration  of  the  pheno- 
mena discussed  throughout  this  volume.  It  is  to  be  observed,  with  respect  to  the 
dynamical  relations  of  magnet  ism,  that  they  differ  essentially  from  those  of  mechani- 
cal force,  heat,  light,  electricity,  motion,  chemical  action,  each  of  which,  when 
properly  directed,  gives  rise  to  the  other  forces.  Magnetism  is  static,  and  that  it 
may  occasion  kinetic  phenomena  motion  must  be  superadded  to  it;  its  action  is 
directive,  not  motive ;  it  determines  the  conversion  of  one  kind  of  force  into  another, 
but  it  does  not  initiate  any.  Thus  a  magnet  might  remain  for  ever  unknown  if  its 
position  were  not  altered  with  regard  to  other  bodies ;  but,  on  moving  it  towards  or 
from  masses  of  soft  iron,  its  attractive  power  is  at  once  recognized ;  on  moving  a 
closed  wire  about  in  its  vicinity,  electric  currents  are  set  up  which  may  give  rise  to 
heat,  light,  and  chemical  action,  while  at  the  same  time  (see  Lenz's  Law),  resist- 
ance to  the  motion  of  the  wire  is  experienced ;  change  in  temperature,  and  change 
in  the  magnetic  state  of  a  bar  of  iron,  too,  follow  each  other. 

Let  a  bar  of  soft  iron  be  placed  between  the  poles  of  an  electro-magnet,  and  let 
currents  be  suddenly  sent  into  the  electro-magnet,  and  suddenly  stopped,  so  that 
the  soft  iron  bar  between  its  poles  will  successively  be  magnetized  and  demagnetized, 
it  will  be  found  easy,  while  great  care  is  taken  to  screen  the  bar  from  heat  conducted 
or  radiated  from  the  electro-magnet,  or  while  the  latter  is  kept  cool  by  immersion  in 
water,  to  raise  the  temperature  of  the  soft  iron  bar  through  several  degrees ;  or,  let 
the  following  experiment  be  made :  let  a  mass  of  soft  iron  be  allowed  to  move  very 
slowly  up  to  a  permanent  magnet,  and  then  let  it  be  drawn  away  to  its  initial  posi- 
tion so  rapidly,  that  when  it  arrives  there  it  has  not  lost  the  magnetism  it  possessed 
by  induction,  while  it  was  close  to  the  magnet.  In  this  operation  work  is  expended, 
for  in  moving  towards  the  magnet  slowly  it  had  at  each  instant  only  the  amount  of 
magnetization  due  to  its  position  at  that  instant,  while  during  the  backward  motion, 
it  possessed  the  whole  magnetization  due  to  its  position  when  nearest  to  the  magnet ; 
the  backward  movement  was  therefore  performed  against  forces  more  powerful  than 
those  which  favored  the  approach.  But  soon  the  magnetization  has  entirely  dis- 
appeared, and  the  soft  iron  mass  is  left  in  the  same  condition  as  it  was  before  the 
series  of  operations.  What,  then,  has  become  of  the  work  that  has  been  done  upon 
the  mass  ?  According  to  the  experiments  of  Joule  an  amount  of  heat  is  generated 
in  the  iron,  precisely  equal  to  that  which  might  have  been  obtained  by  applying  the 
work  in  the  way  of  friction  to  raise  the  temperature  of  it. 

Magnetism,  Terrestrial.  It  has  long  been  known  to  us,  and  it  is  said  to  have 
been  known  for  ages  to  the  Chinese,  that  the  earth  possesses  a  power  of  directing  a 
suspended  magnetized  bar,  similar  to  the  directive  power  which  one  bar  has  upon 
another.  Hence  the  earth  is  looked  upon  as  a  great  magnetic  mass,  and  the  pheno- 
menon just  mentioned,  and  which  we  are  about  to  treat  of  in  some  detail  in  this  article, 
is  said  to  be  due  to  Terrestrial  Magnetism. 

Let  a  steel  bar  be  suspended  at  its  centre  of  gravity  so  as  to  be  capable  of  turn- 
ing at  the  same  time  round  a  vertical,  and  round  a  horizontal  axis,  which  is  easily 
done  by  making  it  turn  upon  a  horizontal  axis  through  that  point,  and  supporting 
the  bearings  of  this  axis  by  means  of  a  fine  silk  thread.  In  this  case  the  bar  will  be 
indifferent  to  position,  and  will,  in  fact,  if  properly  suspended,  remain  in  any  position 
in  which  it  may  be  placed,  without  tendency  to  move,  except  a  torsional  force,  which 
may  be  made  very  small,  be  exerted  by  the  silk  thread.  Now  let  it  be  magnetized, 
and  it  will  be  found  to  be  no  longer  thus  indifferent;  it  will  take  up  a  definite 
direction,  and  will  return  to  the  same  position  if  displaced  from  it.  The  direction 
of  the  bar  depends  upon  its  locality  on  the  earth's  surface.  Roughly  speaking,  it 
points  north  and  south,  and  hence  one  end  of  it — namely,  that  which  points  to  the 
north — is  called  by  English*  writers  the  north  pole  of  the  magnet,  the  other  the 
south  pole.    In  most  localities  the  direction  of  the  magnetic  axis  of  the  bar  xoaksm 


*  This  if  not  the  case  with  continental  writers,  and  with  very  good 
if  considered  in  the  light  of  a  magnetised  bar  of  steel,  and,  in  the  latter  ease 
end  of  a  magnetised  needle,  bat  the  south  end  which  points  to  the  noril 
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a  certain  angle  with  the  plane  of  the  geographical  meridian,  and  also  dips  down- 
wards ;  that  is,  makes  an  angle  with  the  horizontal  plane.  Iu  England,  for  example, 
the  needle  turns  its  north  end  to  the  west  of  the  geographical  north  and  south  line, 
and  makes  with  it  an  angle  of  about  20°,  while  the  angle  made  with  the  horizontal 
plane  is  about  68°.  The  former  of  these  angles  is  called  the  declination,  the  latter 
the  inclination,  of  the  needle ;  and  these  two  angles  and  the  intensity  of  the  force 
exerted  on  the  needle,  or  the  magnetic  intensity  as  it  is  termed,  are  called  the  mag- 
netic elements.  The  determination  of  the  magnetic  elements  at  different  places  and 
different  times,  and  of  the  variations  to  which,  as  we  shall  see,  they  are  subject,  is 
the  object  of  magnetic  observers  and  observatories.  We  proceed  to  explain  how 
this  is  done,  and  to  give  the  laws  of  the  phenomena  of  terrestrial  magnetism,  and  the 
theories  which  have  been  put  forward  to  account  for  and  collocate  them.  We  wish, 
however,  to  make  one  or  two  preliminary  remarks.  Arrt,  On  the  nature  of  the 
influence  exerted  by  the  earth  on  a  magnetized  needle.  If  we  bring  a  needle  freely 
suspeuded  near  to  an  ordinary  bar-magnet,  there  is,  in  the  first  place,  a  directive 
tendency  owing  to  which  the  magnetic  axis  of  the  needle  takes  a  aefinite  direction; 
but  there  is  also  a  force  causing  the  needle  to  move  bodily  towards  the  bar,  which 
results  from  the  fact  that  the  dissimilar  pole  of  the  needle  is  perceptibly  nearer  to 
the  pole  of  the  bar-magnet  than  the  like  pole.  But  in  the  case  of  the  earth  it  is  not 
so,  and  any  influence  which  is  exerted  on  the  needle  is  directive.  It  is,  in  fact,  of 
the  nature  of  a  couple  (see  Couple)  tending  to  turn  the  needle  round  the  axis  of 
suspension.  For,  if  we  consider  the  earth  as  a  vast  bar-magnet  (which  we  may 
roughly  do  for  the  present),  it  is  evident  that,  owing  to  the  vast  distance  of  the  poles, 
there  will  be  just  as  much  repulsion  from  either  pole  of  it  on  the  like  pole  of  the 
needle,  as  there  is  attraction  on  the  dissimilar  pole.  This  may  easily  be  exhibited 
experimentally  by  floatiug  a  light  needle  on  a  cork  in  water  when  the  directive 
tendency  will  be  evident  at  once,  but  without  bodily  motion  in  any  direction.  The 
second  remark  we  wish  to  make  is  this,  that  it  is  convenient,  in  speaking  of  the 
magnetic  force,  whose  direction,  as  we  have  already  mentioned,  is  in  most  cases 
inclined  to  the  horizontal  plane,  to  speak  separately  of  the  horizontal  and  vertical 
components.  These  are  to  be  understood  to  be  obtainable  from  the  total  force  by 
the  ordinary  rules  for  the  composition  and  resolution  of  forces.  (See  Composition 
of  Forces  ;  Resolution  of  Forces.) 

Determination  of  Magnetic  Elements.  The  magnetic  declination  and  inclination 
are  for  convenience  determined  separately,  the  former  by  instruments  called  declino- 
meters, the  latter  by  the  inclinometer  or  dipping  needle.  A  declinometer  consists  of 
a  magnetized  needle,  capable  of  turning  with  great  ease  upon  a  vertical  point.  It 
turns  over  a  horizontal  card  graduated  to  degrees  and  quarters  of  a  degree.  Parallel 
to  the  line  passing  through  0°  and  180°  is  a  telescope,  turning  round  a  horizontal 
axis,  and  furnished  with  the  appliances  necessary  for  determining  the  altitude  of  the 
sun  or  stars,  and  the  instrument  is  set  upon  a  stand,  provided  with  a  spirit-level  and 
levelling  screws.  All  the  fittings  are,  of  course,  of  brass  or  copper,  iron  being  care- 
fully excluded.  To  determine  the  angle  of  declination,  the  geographical  north  and 
south  line  is  ascertained  by  taking  the  altitude  of  some  heavenly  body,  and  the  zero 
line  of  the  compass  card  is  made  to  coincide  with  it  The  angle  of  declination,  or 
the  angle  which  the  direction  of  tho  needle  makes  with  this  line,  can  then  be  read 
off  on  the  graduated  circle  over  which  the  needle  turns.  There  are  other  forms  of 
instruments  for  the  same  purpose. 

The  magnetic  inclination  or  dip  is  determined  by  observing  the  inclination  to 
the  horizontal  plane  of  a  needle  turning  on  the  vertical  plane  which  passes  through 
the  magnetic  north  and  south  poiuts.  A  maguctized  needle  is  supported  upon  a 
horizontal  axis  through  its  centre  of  gravity.  Round  it,  in  the  plane  in  which  it 
moves  is  a  circle  of  brass  finely  divided,  so  that  the  point  of  the  needle  moves  along 
just  within  the  divisions.  The  circle,  and  needle  within  it,  are  carried  on  a 
vertical  pillar,  the  foot  of  which  turns  in  a  graduated  horizontal  circle.  To  observe 
with  this  instrument,  it  is  first  necessary  to  place  the  vertical  circle  and  needle  in  the 
plane  of  the  magnetic  meridian.  The  pillar  which  carries  it  is  turned  round  till  the 
needle  points  vertically  down,  and  it  is  evident  that  when  it  does  so,  the  plane  of 
the  vertical  circle  is  at  right  angles  to  the  plane  of  the  magnetic  meridian,  for  then 
the  only  force  which  acts  unon  the  needle  is  the  vertical  component  of  the  earth's 
magnetism.  A  reading  is  tnen  taken  upon  the  graduated  circle  at  the  foot  of  the 
pillar,  and  the  pillar  is  turned  through  90  by  means  of  it,  and  that  being  done,  we 
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know  that  the  plane  of  the  vertical  circle  must  coincide  with  that  of  the  magnetic 
meridian,  and  the  angle  of  inclination  can  be  read  off  by  the  graduation  around  the 
needle.  Other  instruments  are  described  under  their  proper  heads.  (See  Balance, 
Bifilar ;  Magnetometer ;  Declinometer ;  and  Observatory,  Magnetic.) 

The  intensity  of  magnetic  force  is  also  determined  by  means  of  the  declinometer. 
The  whole  directive  force  that  acts  upon  it  is,  as  we  have  seen,  the  horizontal  com- 
ponent of  the  earth's  magnetism,  but  if  we  can  determine  it,  it  is  easy,  since  we 
kuow  the  direction  of  magnetic  dip,  to  calculate,  by  the  well-known  rules  for  the 
composition  and  resolution  of  forces,  both  the  vertical  component  and  the  total  mag- 
netic force.  To  ascertain  the  horizontal  component  of  the  earth's  magnetic  force, 
the  declinometer  needle  is  made  to  oscillate,  and  the  number  of  oscillations  made 
in  a  given  time  is  counted.  From  this  observation  it  is  evident  that  the  force  act- 
ing upon  the  needle  can  be  determined  just  as  the  force  of  gravity  is  calculated 
from  observation  of  the  number  of  oscillations  performed  in  a  given  time  by  a  pen* 
duium  of  known  length.  The  force  exerted  by  the  earth  upon  a  bar  depends,  how- 
ever, both  on  the  intensity  of  the  earth's  magnetic  force,  and  on  the  strength  of  the 
magnetic  needle,  aud  to  know  the  former  it  is  therefore  necessary  to  determine  the 
latter.  This  is  done  by  bringing  into  the  vicinity  of  the  needle  another  similar 
needle,  and  noting  the  effect  which  they  produce  upon  each  other,  .as  compared 
with  the  effect  which  the  earth's  magnetism  produces  upon  each.  This  method  is 
due  to  Gauss,  as  is  also  the  method  of  expressing  magnetic  force  in  absolute  units, 
that  is,  in  units  depending  only  on  the  defined  units  of  length,  mass,  and  time.  Unit 
of  force,  being  that  force  which,  acting  on  unit  of  mass  during  unit  of  time,  produces 
unit  of  velocity ;  a  unit  magnetic  pole  is  defined  to  be  a  magnetic  pole,  which,  if 

? laced  at  unit  of  distance  from  a  similar  magnetic  pole,  exerts  unit  or  force  upon  it. 
n  English  magnetic  measurement,  the  unit  of  length  is  one  foot,  the  unit  of  mass 
one  grain,  and  the  unit  of  time  one  second.  Hence  the  above  statement  takes  the 
following  form :  Unit  of  force  is  that  force  which,  acting  for  one  second  on  a  mass 
of  one  grain,  would  give  it  a  velocity  of  one  foot  per  second;  and  a  unit  magnetic 
nole  placed  at  a  distance  of  one  foot  from  a  similar  pole,  exerts  upon  it  unit  of 
force.  When  then  we  say  that  the  total  magnetic  intensity  expressed  in  British 
units  is  10.24  (as  it  is  at  present,  1870,  at  London),  we  mean  that  a  unit  north 
pole,  weighing  one  grain,  if  acted  upon  for  one  second  by  the  earth's  magnetic  force, 
would  acquire  a  velocity,  in  the  direction  indicated  by  the  dipping  needle,  of  10.24 
feet  per  second. 

Having  given  this  short  account  of  the  methods  of  determining  the  magnetic 
elements,  we  proceed  to  recount  what  has  already  been  ascertained  with  regard  to 
them  and  their  variations.  In  the  field  of  magnetic  observation  has  been  displayed 
the  most  arduous  and  devoted  scientific  working,  and  a  full  account  of  it  may  be 
found  in  the  treatise  of  M.  De  la  Rive.  To  II alley  belongs  the  honor  of  commenc- 
ing, in  a  systematic  way,  the  putting  together  of  the  ascertained  facts.  In  1701 
he  returned  from  a  voyage,  undertaken  with  the  special  object  of  making  magnetic 
observations,  and  published  a  chart,  in  which  his  results*  were  displayed  in  the  form 
of  lines  connecting  places  of  equal  declination.  From  that  time  there  were  many 
observers,  but  it  is  since  the  beginning  of  the  present  century  that  the  greater  part 
of  the  knowledge  we  possess  has  been  collected.  Hansteen  published  in  1819  a 
work  on  terrestrial  magnetism,  which  contained  charts  of  lines  of  declination  for 
1600,  1700,  1710,  1720,  1730,  1744,  1756,  1787,  and  1800,  and  lines  of  inclination 
for  1600,  1700,  and  1780 ;  and  among  many  other  names  stand  prominently  those 
of  Rossel,  who  commenced  observations  on  magnetic  intensity,  Dujwrrey,  barlow, 
Boss,  and  Sabine.  But  to  Humboldt,  perhaps  more  than  to  any  other,  we  are  in- 
debted, both  directly  and  indirectly,  for  our  knowledge  on  this  subject.  In  1819, 
feeling  that  no  amount  of  private  inquiry  would  bo  sufficient  to  give  us  adequate 
results,  he  applied  to  the  Russian  Government  for  aid.  and  obtained  a  liberal  re- 
sponse in  the  establishment  of  stations  for  magnetic  observations  in  various  parts 
of  the  Russian  Empire ;  and  sometime  after,  with  the  support  of  the  Royal  Society, 
and  of  the  British  Association  for  the  advancement  of  Science,  he  brought  the  matter 
before  the  British  Government,  and  with  like  success.  Chief  observatories  were  in- 
stituted at  Dublin  and  Greenwich,  and  a  large  number  of  other  establishments  were 
net  up  at  different  distant  stations,  in  the  most  advantageous  positions.  One  was 
placed  at  Toronto,  in  Canada,  and  another  at  Hobart  Town,  in  Van  Piemen's  Land, 
these  being  points  nearly  the  antipodes  of  each  other,  and  also  being  situated  near 
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to  the  nlaces  of  greatest  magnetic  intensity ;  a  third  was  established  at  the  Cape 
of  Good  Hope,  and  a  fourth  at  St.  Helena,  which  was  chosen  from  its  vicinity  to 
the  line  of  minimum  intensity,  and  to  the  magnetic  and  geographical  equators. 
But  the  most  celebrated  of  all  the  observatories  is  that  which  had  been  established 
at  Gottingen,  under  the  direction  of  the  illustrious  Gauss  and  Weber.  From  Gauss 
proceeded  the  whole  system  of  observation,  and  to  him  is  due  the  invention  of  all 
the  most  delicate  instruments,  and  of  the  most  perfect  methods  of  observing  and 
co-ordinating  the  phenomena.  The  direction  of  the  foreign  observatories  belonging 
to  Great  Britain  was  put  under  Colonel  Sabine,  and  he  was  furnished  with  a  con- 
siderable staff  of  military  assistants,  so  that  the  work  might  go  on  night  and  day 
without  intermission.  All  the  observations  were  made  simultaneously,  and  were 
regulated  by  Gottingen  mean  time.  Under  ordinary  circumstances  they  were  made 
every  hour,  but  in  cases  of  magnetic  disturbances  much  more  frequently.  By  these 
means,  aud  with  the  assistance  of  voyages  and  expeditions  undertaken  for  the  pur- 
pose, a  very  large  amount  of  information  was  collected,  the  definite  objects  being 
to  determine  the  magnetic  declination,  inclination,  and  intensity  at  various  places ; 
to  determine  the  lines  of  equal  declination,  inclination,  and  intensity ;  and  to  ascer- 
tain the  laws  which  regulate  the  periodical  and  also  extraordinary  variations  of  the 
magnetic  elements.  The  mass  of  information  collected  by  the  British  observatories 
was  worked  into  a  manageable  form  under  Sabine,  and  was  published  under  his  di- 
rection, with  dissertations  by  him,  together  with  graphical  representations  and 
charts  of  the  magnetic  curves. 

The  following  are  some  of  the  results  arrived  at :  First,  with  respect  to  the  iso- 
gonic  lines,  or  Tines  of  equal  declination ;  they  are,  as  has  been  explained,  such  as 
would  be  traced  out  on  a  globe  by  joining  all  the  points  on  it  at  which  the  angle 
of  declination  is  the  same.  Sabine  s  charts  will  be  found  in  Johnston's  Physical 
Atlas.  On  examining  them  it  will  be  seen  that  they  have  a  general  direction  from 
north  to  south,  with  a  few  remarkable  exceptions,  and  appear  to  terminate  in  two 
points,  one  in  the  northern  hemisphere,  somewhat  to  the  west  of  Baffin's  Bay,  the 
other  in  the  southern,  to  the  south  of  Australia.  In  Sabine's  map  for  1840  the  line 
which  passed  through  the  south  of  England  is  marked  25°  W.  It  passes  thence 
across  the  Atlantic  ocean ;  bending  downward  to  the  south  a  little,  enters  North 
America  south  of  Newfoundland,  and  thence  strikes  northward  through  Hudson's 
Bay.  At  any  place  along  this  line  a  declination  needle  or  a  mariner's  compass 
would  iudicate  a  point  25°  to  the  west  of  the  true  north.  A  very  important  line 
is  the  line  of  no  declination,  or  agonic  line ;  that  is,  a  line  such  that,  at  every  point 
along  it,  a  declination  needle  would  point  to  the  true  geographical  north.  There 
are  two  such  lines,  one  in  the  western  and  the  other  in  the  eastern  hemisphere. 
The  first,  passing  northward  through  the  South  Atlantic,  cuts  off  the  eastern  corner 
of  South  America.  It  enters  North  America,  and  passes,  not  far  from  New  York, 
through  the  American  lakes  and  through  the  west  of  Hudson's  Bay.  The  other 
passes,  southward  from  the  White  Sea,  through  the  east  of  Russia,  and,  cutting 
the  Caspian  Sea  and  the  eastern  coast  of  Arabia,  curves  through  the  Indian  Ocean 
to  the  west  coast  of  Australia,  where  it  turns  south  again.  Throughout  the  space 
between  these  two  lines,  taking  in  Europe  and  part  of  America,  the  declination 
needle  everywhere  points  to  the  west  of  north ;  throughout  the  space  between  them 
on  the  opposite  side  of  the  globe,  taking  in  China,  India,  and  the  remainder  of 
America,  the  declination  is  easterly. 

The  general  appearance  of  the  isoclinic  lines,  or  lines  of  equal  dip,  is  that  of 
curves  approximately  parallel  to  the  parallels  of  latitude.     The  dip  increases  as  we 

Sroceed  northward,  and  southward,  from  a  certain  line  called  the  aclinic  line,  or 
ne  of  no  dip,  and  frequently  the  magnetic  equator,  which  lies  not  far  from  the 
geographical  equator,  cutting  it  in  two  points,  one  in  Africa  and  the  other  to  the 
west  of  South  America,  and  lying  to  the  south  of  it  in  the  Atlantic,  and  to  the 
north  of  it  on  the  other  side  of  the  globe.  The  line  marked  70°  passed  in  1840 
through  England,  and,  bending  a  little  southward,  cut  North  America,  the  eastern 
portion  to  the  south,  the  western  to  the  north  of  latitude  40°.  There  are  two 
points  at  which  a  dipping  needle  would  point  vertically,  oue  in  the  northern  hemi- 
sphere and  the  other  in  the  southern ;  these  are  called  the  magnetic  poles,  and 
round  them  the  isoclinic  lines  form  a  set  of  concentric  curves,  bearing  much  the 
same  relatiou  to  them  that  the  parallels  of  latitude  do  to  the  geographical  poles. 
The  former  of  these  points  was  found  by  Captain  Boss  in  1831,  in  lat  70°  50'  N., 
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and  Ion.  263°  14'  E.  The  position  of  the  southern  magnetic  pole  has  been  calcu- 
lated from  observations  made  at  Hobart  Town,  Van  Diemeo's  Land,  and  lies  in 
lat.  66°  8.  and  Ion.  146°  E. 

The  isodynamic  lines,  or  lines  of  equal  magnetic  intensity,  have  also  been  laid 
down  by  Sabine.  As  we  approach  the  lines  from  a  certain  line  of  minimum  inten- 
aity  the  total  intensity  increases.  This  line  lies  near  to  the  magnetic  equator,  though 
H  does  not  coincide  with  it ;  and  the  isodynamic  lines  are  nearly  parallel  to  the 
tinea  of  equal  dip.  It  appears,  however,  that  the  points  of  greatest  intensity  do 
not  coincide  with  the  magnetic  poles.  There  are,  in  fact,  more  than  two  points  of 
maximum  intensity.  In  the  northern  hemisphere  two  have  been  found,  one  in 
North  America,  about  16°  to  the  south  of  the  north  magnetic  pole,  and  the  other 
in  Siberia,  at  lat  71°  20'  N.,  Ion.  119°  57'  E.  Gauss  has  shown  by  calculation  that 
in  the  southern  hemisphere  there  is  but  one  point  of  maximum  intensity,  which  is 
situated  2°  26'  to  the  north  and  7°  56'  to  the  east  of  the  southern  magnetic  pole. 
Of  these,  the  last  is  the  strongest,  and  that  near  Hudson's  Bay  stronger  than  the 
other ;  the  numbers  which  express  their  intensities  are  respectively  2.26, 1.76,  and 
1.69,  the  total  intensity  at  London  being  expressed  by  the  number  1.37. 

We  have  now  to  consider  the  variations  to  which  the  magnetic  elements  are  sub- 
ject.    There  are  two  kinds,  regular  and  irregular. 

It  soon  became  evident,  on  comparing  together  the  numbers  which  express  the 
angles  of  declination  and  dip,  that  from  year  to  year  slow  changes  are  taking  place. 
Thus  in  1576,  the  first  year  for  which  we  have  a  recorded  observation,  the  declina- 
tion needle  at  London  pointed  11°  15'  east,  in  1652  the  declination  was  0°,  and  in 
1760  it  had  attained  a  westerly  declination  of  19°  30'.  The  westerly  declination  in- 
creased till  1815,  when  it  was  24°  27',  its  maximum  value  ;  it  then  began  to  decrease, 
and  still  continues  to  do  so.  In  1850  it  was  22°  29' ;  in  1865,  21°  6';  and  in  1870, 
19°  55'.  The  annual  decrease  of  declination  at  London  is  about  8'.  In  London  the 
dip  is  likewise  decreasing  at  present  at  a  rate  of  about  2.6'  per  annum,  and  it  has 
been  steadily  decreasing  ever  since  the  first  recorded  observation.  In  1720  it  was 
74°  42' ;  in  1800,  70°  35' ;  in  1865,  68°  9' ;  in  1870,  67°  55'.  According  to  Hans- 
teen,  however,  it  will  attain  a  minimum,  and,  after  that,  it  will  commence  to  increase 
again.  There  is  a  similar  change  taking  place  at  all  places  on  the  surface  of  the 
earth,  the  amount  and  direction  of  the  change  depending  on  the  position  of  the 
place.  At  Paris  the  variations  have  been  very  similar  to  these  observed  in  London. 
At  the  Cape  of  Good  Hope  the  declination  in  1605  was  0°  30' ;  the  maximum  decli- 
nation occurred  in  1791,  when  it  was  25°  40',  and  after  that  it  began  to  decrease. 
Again,  in  Russia  (and  this  confirms  M.  Hansteen's  ideas)  the  inclination  has  already 
attained  a  minimum,  while  in  Fckin  it  is  on  the  increase. 

Such  variations  as  these  are  called  secular,  taking,  as  they  do,  ages  for  their  com- 

Sletion ;  and,  besides  these,  there  are  both  annual  and  diurnal  variations.  If  tho 
eclination,  and  dip,  and  intensity  are  observed  from  hour  to  hour,  it  is  found  that 
changes  are  taking  place  which  have  for  their  period  of  completion  a  single  twenty- 
four  hours ;  and  on  comparing  the  mean  values  of  these  observations  from  day  to 
day,  variations  having  an  annual  period  are  discovered.  At  Kew  Observatory  the 
following  is  the  nature  of  the  diurnal  change  in  declination,  and  it  may  be  stated 
that  similar  changes  take  place  in  other  localities,  following  the  hours  of  local  time : 
At  about  22  hours  (10  A.M.),  and  a  little  before  7  hours  (7  P.M.),  the  needle  is  in  its 
mean  position.  Between  these  hours  during  the  day  the  declination  increases ;  that 
is,  the  north  end  of  the  needle  turns  westward.  At  1  hour  (1  P.M.)  it  attains  its 
maximum  point,  which  is  about  6'  to  the  west  of  the  mean ;  from  1  to  7  o'clock  it  is 
gradually  falling  back.  It  then  proceeds  eastward  from  the  mean  position,  attaining 
a  maximum  at  20  hours  (8  A.M.),  and  being  then  4'  to  the  east  of  tue  mean.  During 
the  next  2  hours  it  falls  back  to  the  mean  position  again.  The  inclination  has  also 
a  variation  of  diurnal  period.  Arago  places  the  maximum  at  8  in  the  morning,  and 
the  minimum  at  about  3  in  the  afternoon.  The  amount  of  variation  is  not  more  than 
3  or  4  minutes. 

The  annual  variation  of  the  declination  takes  place  as  follows :  from  April  to 
July  the  needle  slowly  moves  eastward,  and  during  the  remaining  nine  months  of  the 
year  in  the  opposite  direction.  Thus,  during  the  interval  between  the  spring  equi- 
nox and  the  summer  solstice  the  decliuation  is  decreasing,  and  it  slowly  increases 
again  during  the  autumn  and  winter  months  of  the  year.  The  amplitude  of  tho 
variation,  which,  however,  varies  from  time  to  time,  and  is  different  in  different 
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places,  is  at  present  about  59"  at  Kew.  There  is  also  an  annual  variation  of  the 
magnetic  dip.  At  present,  at  Kew,  the  amount  of  it  is  0.54'.  During  the  six 
months  from  April  to  September  the  dip  is  on  an  average  0.27'  lower ;  and  during 
the  other  six  months  0.27'  higher  than  its  mean.  See  a  paper  on  the  results  of  six 
years'  observations  at  Kew,  ending  1868-9,  by  Dr.  Balfour  Stewart,  Proceedings  of 
the  Royal  Society,  March  1870.  The  annual  variation  of  the  magnetic  intensity  is, 
if  it  occur  at  all,  very  slight. 

Our  limits  permit  us  only  this  very  brief  sketch  of  a  most  interesting  and  import- 
ant subject.  The  reader  may  consult  for  full  information  on  the  whole  subject  of 
terrestrial  magnetism  an  excellent  chapter  in  De  la  Rive's  treatise  on  electricity, 
vol.  iii.  Also  the  papers  of  Sabine,  witn  tables  and  charts,  which  are  to  be  found  in 
the  Phil.  Trans,  from  1840  and  more  recently. 

Lastly,  there  are,  as  we  have  already  mentioned,  irregular  variations  of  the  mag- 
netic elements.  Besides  the  slow  and  periodical  changes  we  have  just  been  speak* 
ing  of.  it  is  found  that  sudden  temporary  alterations,  frequently  of  a  very  con- 
siderable amount,  take  place.  Humboldt  has  given  to  these  disturbances  the  name 
of  magnetic  6torms,  ana  they  have  attracted  from  all  observers  the  greatest  possible 
interest.  It  has  been  proved  that  they  are  intimately  connected  with  the  occurrence 
of  the  aurora  boreal  is.  Immediately  before  the  appearance  of  this  phenomenon  the 
needles  are  powerfully  disturbed,  and  the  same  is  the  case  after  it ;  and  during  the 
display,  sudden  alterations,  amounting  in  the  case  of  the  declination  sometimes  to 
one  or  two  degrees,  are  observed.  Sabine  has  shown  that  there  are  periods  of 
greatest  frequency  of  the  magnetic  storms  occurring  every  ten  years,  and  that 
these  times  are  the  same  as  those  at  which  the  sun's  spots  are  most  numerous. 

To  account  for  terrestrial  magnetism  various  hypotheses  have  been  put  forward, 
which  it  will  be  sufficient  merely  to  mention  here.  Their  chief  value  is  of  course  to 
assist  us  in  the  co-ordination  of  facts,  and  to  indicate  the  directions  in  which  we  are 
to  look  for  general  laws.  The  first  theory  was  that  of  Gilbert,  who  supposed  the 
earth  to  contain  a  great  magnet  with  its  poles  situated  near  to  the  geographical 
poles  of  the  earth.  If  a  short  needle  be  magnetized  and  suspended  horizontally  by 
a  fine  thread,  it  may  be  made  to  take  position  very  similar  to  those  of  the  declina- 
tion and  dipping  needles,  by  carrying  it  about  in  the  vicinity  of  a  very  long  bar 
magnet.  Halley,  however,  snowed  that  the  complication  of  the  magnetic  curves  is 
such  as  not  to  admit  of  this  simple  explanation.  He  supposed  two  magnets  of 
unequal  strength  to  cross  each  other  at  tne  earth's  centre,  and  calculated  the  curves 
under  that  hypothesis.  The  theory  of  Halley  was  supported  by  Ilansteen.  Bar- 
low, in  order  to  account  for  the  existence  of  magnetism  in  the  earth,  supposed  it  to 
be  perpetually  traversed  by  electric  currents  taking  place  from  east  to  west.  Taking 
a  globe,  ho  rolled  round  it  a  copper  wire  in  a  spiral,  and  caused  a  current  to  circu- 
late in  it,  and  he  was  able,  on  bringing  near  to  it  short  needles  suspended,  to  6how 
the  phenomena  of  declination  and  dip.  But  Gauss,  putting  aside  altogether  hypo- 
thetical causes,  undertook  the  following  problem  :  supposing  the  whole  earth  to  be 
magnetic,  he  calculated  what  must  be  tne  distribution  of  the  magnetism  in  order  to 
give  the  influences  known  bv  observation  to  exist. 

Magnetism.  Theories  OI.    See  concluding  part  of  the  article  on  Magnetism. 

Magneto-Electricity.  For  information  on  the  connection  between  electricity  and 
magnetism,  see  Electro-Magnet;  Electro-Magnetic  Machine;  Electro-dynamics; 
Induction,  Electro-Magnetic,  etc. 

Magneto-Electric  Machine.  It  is  explained  (see  Electro-dynamics  and  In- 
duction, Electro-Magnetic)  that,  on  bringing  a  permanent  magnet  near  to  a  coil  of 
wire,  or  on  removing  it  from  the  coil,  electric  currents  are  caused  to  flow  in  the  coil, 
the  first  inverse,  the  second  direct,  as  compared  with  Ampere's  hypothetical  cur- 
rents. (See  Ampere*s  Tlieory.)  Suppose,  for  example,  that  we  suddenly  thrust  a 
permanent  bar  magnet  into  the  core  of  a  hollow  coil  of  wire,  a  momeutary  current 
is  produced  in  one  direction ;  if,  then,  we  suddenly  draw  it  out  again,  a  momentary 
current  is  produced  in  the  opposite  direction.  Or,  still  better,  suppose  that  we  have 
a  coil  of  wire  round  a  core  of  soft  iron,  and  that  we  bring  near  to  the  extremities  of 
the  soft  iron  core  a  permanent  horse-shoe  magnet,  the  soft  iron  is  at  once  converted 
by  induction  into  a  magnet,  and  a  current  through  the  wire  is  set  up.  On  drawing 
away  the  permanent  magnet,  an  opposite  current  is  caused  to  pass.  This  Faraday 
showed  in  1831,  and  on  this  depends  the  action  of  electro-magnetic  machines. 

In  the  simplest  form  of  magneto-electric  machines,  a  pair  of  bobbins  of  wire  coiled 
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npon  soft  iron  cores  Is  revolved  in  front  of  the  poles  of  a  powerful  horseshoe  magnet. 
The  wire  of  the  two  bobbins  is  continuous,  and  it  is  wound  upon  the  soft  iron  cores 
in  such  a  way  that,  looking  npon  the  faces  of  the  cores,  the  direction  of  the  winding 
on  the  two  is  that  which  would  be  obtained  if  the  wire  were  simply  wonnd  round  a 
Straight  bar,  and  the  bar  then  bent  into  a  horse-shoe  shape.  On  this  account,  as 
will  be  at  once  understood,  the  actions  of  the  two  poles  of  the  magnet  npon  the  two 
coils  of  wire,  when  presented  lo  them,  ia  conspiring  to  send  a  current  in  one  direc- 
tion through  the  wire.  On  revolving  these  bobbins  in  front  of  the  poles  of  the  mag- 
net, currents  are  caused  to  pass  in  the  wire,  first  in  one  direction  and  then  in  the 
Other,  as  the  magnetism  of  the  soft  iron  core  is  induced  and  reversed. 

These  currents,  though  powerful,  would  be  of  little  nse,  owing  to  their  passing 
alternately  in  opposite  directions ;  and  in  order  to  make  them  of  practical  value,  an 
arrangement,  called  a  commutator,  whose  object  is  alternately  to  reverse  the  con- 
nection of  the  bobbins  with  any  wire  or  other  intcrpolar  through  which  it  is  desired 
to  send  the  current,  is  employed.  The  following  will  give  a  general  idea  of  the  com- 
mutator: full  descriptions,  with  diagrams,  will  be  found  in  all  the  ordinary  text- 
books on  electricity.     (Fig.  90.)     The  extremities  of   the  wire  coming  from  the 

Fig.  90. 


bobbin,  are  brought  to  a  cylinder  of  ivory  or  boxwood,  which  is  a  continuation  of 
the  axle  on  which  the  bobbins  turn,  and  which  turns  with  it;  and  on  the  circumfer- 
ence of  this  cylinder  are  two  pairs  of  half  rings  of  brass.  Each  extremity  of  the 
wire  is  connected  with  one  of  the  pairs  of  half  rings.  There  are  two  binding  screws 
npon  the  case  or  frame  of  the  machine  to  which  any  wire  through  which  a  current 
from  it  is  to  be  passed  may  be  attached ;  and  from  each  of  these  screws  a  pair  of 
springs  proceeds  to  the  ivory  cylinder  which  we  have  just  mentioned,  and  each 
spring  presses  during  hair  a  revolution  upon  a  half  ring,  and  during  the  other  half 
revolution  upon  the  ivory  of  the  cylinder.  Thns,  dnriog  half  the  revolution,  each 
of  thein  is  put  in  connection  with  a  wire  of  the  bobbin,  and  during  the  other  half  it 
is  insulated,  touching  only  the  ivory.  Now,  the  current  is  reversed  nt  every  half 
revolution ;  and  since  there  are  four  springs  and  four  half  rings,  it  will  be  easily  nn- 
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derstood  that  by  properly  arranging  the  positions  of  the  half  rings  on  the  cylinder, 
one  spring  from  each  screw  may  press  on  its  half  ring  when  the  current  is  going  in 
one  direction,  and  the  other  pair  of  springs  on  their  respective  half  rings  when  the 
current  is  going  in  the  opposite  direction ;  and  that  thus  the  connection,  as  far  as 
any  body  attached  to  the  binding  screws  is  concerned,  may  be  reversed  at  each  re- 
versal of  the  current,  and  that  the  current  may  thus  be  caused  to  pass  always  in  the 
same  direction  through  it. 

We  have  described  a  simple  form  of  magneto-electric  machine  here.  Lately  Sie- 
mens, Wilde,  and  Wheatstone  have  made  enormous  improvements  in  the  construc- 
tion of  them,  but  for  these  we  must  refer  the  reader  to  more  detailed  works. 

Magnetometer,  Bifilar.    See  Balance,  Bifilar. 

Magnetometer,  Gauss's,  is  a  very  delicate  form  of  declinometer,  or  instrument 
for  determining  the  angle  which  the  plane  of  the  magnetic  meridian  makes  with  the 
plane  of  the  astronomical  meridian,  invented  by  Gauss.  A  magnet  bar  is  suspended 
by  a  fine  silk  fibre  offering  the  least  possible  torsional  resistance  to  the  motion  of 
the  bar.  At  the  centre  of  the  bar  is  fixed  a  light  silvered  mirror,  looking  in  the 
direction  of  the  length  of  the  bar  and  turning  with  it.  The  magnet  is  inclosed  in  a 
glass  case  to  shield  it  from  currents  of  air.  At  a  distance  of  several  feet  is  placed  a 
telescope  with  cross  wires,  and  a  scale  at  right  angles  to  the  axis  of  the  telescope ; 
the  one  is  set  a  little  above  the  mirror  and  the  other  a  little  below ;  and  the  divisions 
of  the  scale  are  reflected  by  the  mirror  into  the  telescope,  and  can  be  rend  off  with 
great  exactness  by  means  of  it.  The  numbers  on  the  scale,  thus  read  off,  are  pro- 
portional to  the  tangent  of  twice  the  angle  by  which  the  needle  has  turned  from  zero. 
If  then  the  axis  of  the  telescope  is  in  the  astronomical  meridian,  the  angle  so  deter- 
mined is  the  declination  angle.  If  not,  it  can  easily  be  determined  by  calculation, 
from  knowing  the  angle  made  by  it  with  the  astronomical  meridian. 

Magnifying  Power  of  the  Telescope.    See  Telescope,  Magnifying  Power  of. 

Malachite.  The  mineralogical  name  of  native  carbonate  of  copper.  It  is  of  a 
rich  variegated  green  color,  and  as  it  is  susceptible  of  receiving  a  high  polish,  is 
much  prized  for  ornamental  purposes.     (Sec  Copper.) 

Malleability.  (Malleus,  a  hammer.)  The  property  of  extending  under  the  blow 
of  a  hammer.  It  is  opposed  to  brittlcness,  and  is  almost  restricted  to  metals.  Mal- 
leable substances  must  be  tenacious,  resisting  fracture,  and  soft,  permitting  the 
particles  to  glide  over  one  another.  The  malleability  of  the  most  common  metals  is 
in  the  following  order :  1  gold,  2  silver,  3  copper,  4  platinum,  5  iron,  6  aluminium, 
7  tin,  8  zinc,  9  lead.  Gold  may  be  reduced  to  leaves  of  1-1 80,000th  of  an  inch  in 
thickness,  and  weighing  only  3  grains  per  square  foot.  Leaf  iron  has  been  obtained 
l-4,800th  of  an  inch  in  thickness,  and  weighing  one-third  of  a  grain  per  square 
inch.  Malleability  is  much  influenced  by  temperature,  the  temperature  of  greatest 
malleability  being  different  for  different  metals.  Iron  is  most  malleable  at  a  low 
white  heat ;  in  this  state,  therefore,  it  is  welded  or  rolled  into  bars  or  plates. 

Although  ductility  and  malleability  are  nearly  allied,  the  same  metal  does  not 
always  possess  both  qualities  in  the  same  proportion.  Thus  iron  is  nearly  as  ductile 
as  gold,  but  far  less  malleable.     (See  Ductility  ;  Hardness:  Tenacity.) 

Manganese.  A  metallic  clement,  compounds  of  which  nave  been  known  from 
very  early  times,  although  it  was  not  until  1774  that  the  metal  was  isolated  by 
Gahn.  Atomic  weight  55,  symbol  Mn,  specific  gravity  8.013.  In  the  pure  state 
manganese  is  a  white  brittle  metal  which  melts  only  at  the  highest  heat  of  a  blast 
furnace.  It  oxidizes  both  in  air  and  water,  and  dissolves  easily  in  dilute  mineral 
acids.    It  is  slightly  magnetic. 

Manganese  forms  several  oxides,  the  most  important  of  which  are  the  following : — 

The  protoxide  (MnO.)  This  is  obtained  hydrated  as  a  white  precipitate  on  add- 
ing an  alkali  to  a  protosalt  of  manganese ;  it  oxidises  very  readily.  It  unites  with 
acids  to  form  a  well-defined  scries  of  salts. 

Sesquioxide  of  Manganese  (Mn-0?).  This  is  met  with  native  as  brauntte  in 
opaque  brownish  black  crystals,  Dnttle  aud  infusible.  In  the  hydrated  state 
(Mn203H20),  it  is  met  with  native  as  manganite  or  gray  manganese  ore,  in  dark 
steel  gray  crystals,  which  are  fusible  before  the  blowpipe. 

Manganoso-manganic  oxide  (Mnn04).  Known  also  as  red  oxide  of  manganese 
and  Hausmannite.  It  occurs  in  dark  brown  crystals  cf  a  submetallic  lustre,  opaque 
and  infusible.    This  oxide  is  easily  obtained,  as  by  ignition  in  the  air  lower  oxides 
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of  manganese  absorb  oxygen,  and  higher  oxides  evolve  oxygen,  and  are  converted 
into  this  oxide. 

Peroxide  of  Manganese  or  dioxide  (MnO,).  This  is  the  most  important  oxide 
of  manganese ;  it  is  met  with  native  as  pyrolusite ;  it  forms  bluish-black  metallic- 
looking  crystals  of  specific  gravity  4.9,  opaque  and  infusible  before  the  blowpipe. 
It  sometimes  occurs  massive.  Its  great  use  in  manufactures  is  as  an  oxidizing  agent, 
as  it  parts  with  some  of  its  oxygen,  and  is  reduced  to  the  red  oxide  when  exposed  to 
heat.  It  is  largely  used  in  the  preparation  of  oxygen,  in  the  manufacture  of  chlorine, 
and  for  decolorizing  glass. 

Under  the  names  of  psilomelane,  varvesite,  wad,  etc.,  occur  native  oxides  of  man- 
ganese of  no  very  definite  constitution,  but  which  appear  to  be  mixtures  of  oxides 
previously  described. 

Manganic  Acid  (H.,Mn04)  is  not  known  in  the  separate  state,  but  its  compounds 
with  bases  are  known  under  the  name  of  manganates.  The  only  manganate  of  im- 
portance is  the  potassium  salt  (KxMn04).  This  has  long  been  known  in  the  impure 
state  under  the  name  of  mineral  chameleon,  a  crude  mass  prepared  by  igniting 
chlorate  of  potash,  caustic  potash,  and  peroxide  of  manganese.  When  this  is  dis- 
solved in  cold  water,  it  forms  a  green  solution  which  rapidly  passes  through  several 
shades  until  it  gets  red.  The  pure  salt  has  been  obtained  in  green  crystals,  which, 
however,  decompose  on  addition  of  water  into  permanganate  of  potassium,  caustic 
potash,  and  peroxide  of  manganese. 

Permanganic  Acid  (HMn04).  This  is  the  highest  state  of  oxidation  of  the 
metal.  In  the  pure  state  it  is  a  thick  syrupy  liquid  of  a  greenish  metallic  lustre. 
When  gently  heated  it  volatilizes,  forming  violet  vapors  which  condense  without 
decomposition.  If  the  heat  is  not  applied  cautiously,  it  decomposes  with  explosion. 
Permanganic  acid  is  one  of  the  most  powerful  oxidizing  agents  known,  instantly 
igniting  some  combustible  bodies  when  added  to  them,  and  exploding  with  others. 
It  forms  well-defined  salts  with  bases,  of  which,  however,  we  need  only  mention  the 
following : — 

Permanganate  of  Potassium  (KMn04),  crystallizes  in  long,  deep  red  needles, 
which  are  permanent  in  the  air  and  dissolve  in  about  sixteen  parts  of  cold  water.  A 
solution  of  permanganate  of  potassium  is  of  great  use  both  in  the  laboratory,  as  a 
convenient  oxidizing  agent  and  standard  test  liquid,  and  also  as  a  harmless  and 
powerful  deodorizing  agent  for  household  purposes. 

Permanganate  of  Silver  (AgMn04)  crystallizes  out  when  warm  solutions  of 
nitrate  of  silver  and  permanganate  of  potassium  are  mixed  together.  It  has  been 
proposed  to  be  used  as  an  oxidizing  agent,  especially  in  some  photographic  opera- 
tions. 

Chloride  of  Manganese  (MnCl2)  is  obtained  in  the  hydrated  form  (with  two  atoms 
of  water)  by  dissolving  any  oxide  of  manganese  in  hydrochloric  acid,  chlorine  being 
given  off,  in  the  case  of  the  higher  oxides.  The  solution,  on  evaporation,  deposits 
pale  rose-colored  crystals,  which  arc  very  soluble  in  water  and  alcohol,  and  on  being 
strongly  heated  leave  the  anhydrous  chloride.  It  forms  double  salts  with  other 
chlorides. 

At  the  Liverpool  meeting  of  the  British  Association  held  in  September,  1870, 
Mr.  J.  Fenwick  Allen  described  several  valuable  alloys  of  manganese  with  copper, 
tin,  zinc,  and  lead.  The  simple  alloy  of  manganese  and  copper,  containing  from  5 
to  30  per  cent,  is  both  malleable  and  ductile,  with  a  tenacity  considerably  greater 
than  that  of  copper.  The  triple  allov  of  manganese,  copper,  and  zinc,  closely  resem- 
bles German  silver.  When  tin  or  lead  is  added  to  the  alloy  of  manganese  and 
copper,  castings  can  be  made  which  are  eminently  applicable  as  bearings  for  ma- 
chinery. 

Manganito.    See  Manganese,  Oxides. 

Xannite.  A  sweet  crystalline  compound,  prepared  from  manna,  a  juice  exuding 
from  some  species  of  ash.  It  crystallizes  in  four-sided  prisms,  which  are  easily  solu- 
ble in  water.     Composition  CeIIuOe. 

Manometer,  (mow;,  rare  ;  Atirpw,  a  measure.)  An  instrument  for  measuring  the 
pressure,  and  thence  the  density  of  the  air.  The  form  of  manometer,  usually  used 
to  verify  Boyle's  Law,  is  a  bent  tube  like  a  siphon  barometer,  hermetically  sealed 
at  the  end  of  the  shorter  leg.  A  small  quantity  of  mercury  is  poured  into  the  tube 
so  as  to  fill  the  bend,  and  thus  to  intercept  communication  between  the  air  in  the 
closed  end  and  the  external  atmosphere.  When  more  mercury  is  poured  in,  the 
28 
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pressure  on  the  inclosed  air  is  equal  to  the  atmospheric  pressure  plus  that  of  the 
mercurial  column  in  the  longer  leg,  above  the  level  in  the  shorter  leg. 

Mapping  Spectra,  Bunsen's  Method  of.  Bunsen  has  described  an  excellent 
method  of  mapping  spectra,  so  as  to  record,  not  only  position,  but  likewise  the 
peculiarities  of  breadth,  sharpness,  and  intensity  of  color  of  the  different  lines.  It  is 
principally  applicable  to  those  spectra  which  consist  of  luminous  bands,  such  as  of 
the  alkalies  and  alkaline  earths.  The  method  consists  in  representing  the  luminous 
lines  by  black  bands  drawn  on  a  graduated  scale,  their  width  denoting  the  width  of 
the  band,  and  their  height  the  intensity,  whilst  the  sharpness  or  nebulosity  is  denoted 
by  the  curved  outline.  The  positions  of  the  lines  are  referred  to  the  standard  lines 
of  potassium,  lithium,  sodium,  and  thallium.  (See  Bunsen's  paper  in  the  Phil.  Mag*, 
series  4,  vol.  xxvi.,  p.  247 ;  also  Boscoe's  Spectrum  Analysis,  p.  88.) 

Marble.    See  Carbon  ;  Carbonate  of  Calcium, 

Marcasite.    See  Iron  ;  Sulphides. 

Margario  Acid.  An  artificial  fatty  acid  of  the  formula  G17HS4Or  prepared  by 
the  action  of  potash  on  cyanide  of  cetyl.  It  forms  white  crystals,  melting  at  59.9^ 
C,  soluble  in  ether,  insoluble  in  water,  and  uniting  with  bases  to  form  salts.  The 
substance  commonly  called  margaric  acid  has  been  shown  by  Heintz  (Pogg.  Ann. 
cii.,  272)  not  to  be  a  definite  acid,  but  a  mixture  of  palmitic,  stearic,  oleic  acids,  etc. 

Marine  Barometer.    See  Barometer. 

Marine  Boiler.    See  Steam  Boiler. 

Marine  Galvanometer.    See  Galvanometer. 

Mariner's  Compass.    See  Compass,  Mariner's. 

Mariotte's  Law.    See  Boyle's  Law. 

Markab.    (Arabic.)    The  star  a  of  the  constellation  Pegasus.    (See  Algentb.) 

Mars.  In  astronomy,  the  fourth  planet  in  order  of  distance  from  the  sun,  and  the 
superior  planet  whose  orbit  lies  nearest  to  that  of  the  earth.  The  mean  distance  of 
Mars  from  the  sun  is  139,311,000  miles;  his  greatest,  152,304,000;  his  least,  126,- 
318,000.  Since  the  earth's  mean  distance  is  91,430,000  miles,  it  follows  that  the 
distance  of  Mars  from  the  earth  varies  from  about  35,000,000  to  about  244,000,000 
miles.  His  orbit  is  considerably  eccentric,  more  so  in  fact  than  that  of  any  other 
planet  in  the  solar  system  except  Mercury.  The  eccentricity  is  0.093262,  the  inclina- 
tion, 1°  51'  5".  The  diameter  of  Mars  is  about  4400  miles.  His  equator  is  inclined 
about  28  degrees  to  his  orbit.  Mars  completes  his  sidereal  revolutions  in  a  mean 
period  of  686.9797  days,  and  returns  to  opposition  at  intervals  separated  by  a  mean 
period  of  779.936  days,  which,  is  therefore  the  planet's  mean  synoaical  period. 

Mars  is  the  planet  whose  surface  we  examine  under  the  most  favorable  circum- 
stances. For  although  Venus  approaches  nearer  to  us  than  Mars,  yet  when  she  is 
at  her  nearest  she  is  invisible,  being  concealed  by  the  solar  light.  But  when  Mare 
is  at  his  nearest,  or  in  opposition,  he  shines  upon  the  background  of  the  midnight 
sky.  It  would  seem  also  that  besides  this  the  real  surface  of  Venus  is  usually,  if 
not  always,  concealed  by  clouds.  The  surface  of  Mars,  on  the  other  hand,  though 
occasionally  concealed  in  part  by  clouds,  is  yet  well  seen  generally,  as  regards  at 
least  a  part  of  his  disk.  On  this  account  it  has  been  found  possible  to  determine  the 
period  of  his  rotation  on  his  axis — that  is,  of  the  Martial  day — with  an  accuracy 
which  we  cannot  hope  to  secure  in  the  case  of  any  other  planet.  Cassini,  who  was 
one  of  the  earliest  to  study  the  features  of  Mars,  assigned  to  him  a  rotation-period 
of  24h.  40m.,  which  is  not  "far  from  the  truth.  Later.  Sir  William  Herschel  attacked 
the  same  problem ;  but  though  his  estimate  was  nearer  to  the  truth  than  that  of 
Cassini,  yet  he  was  not  so  successful  in  dealing  with  the  rotation  of  Mars,  as  was 
usually  the  case  with  him  in  such  matters.  He  saw  that  a  long  period,  including 
many  rotations,  was  necessary  for  great  accuracy ;  but  in  passing  from  bi-monthly 
periods  to  the  biannual  period  corresponding  to  the  planet's  synodical  revolution,  he 
unfortunately  missed  one  complete  rotation,  so  that  the  period  of  the  planet  came 
out  nearly  2m.  too  great.  His  estimate  was  24h.  39m.  25s.  Madler  attacked  the 
problem  more  successfully,  and  by  including  all  the  rotations  occurring  during  seven 
years,  obtained  a  rotation-period  of  24h.  37m.  23.8s.  Later,  Kaiser  of  Leyden  car- 
ried the  range  of  the  rotations  over  a  far  longer  period — viz.,  from  the  observations 
made  by  Huyghens  to  those  made  in  recent  times.  He  thus  obtained  the  period  24h. 
37m.  22,6s.  Lastly,  the  present  writer,  by  comparing  observations  made  by  Hooke 
so  far  back  as  1666,  with  those  made  by  Dawes  in  1867,  and  by  Browning  in  1869 
(the  Matter  specially  made  for  the  purpose  of  this  calculation),  obtained  the  rotation- 
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period  24h.  37m.  22.735s.,  which  may  be  regarded  as  within  one  hundredth  part  of  a 
second  of  the  true  value. 

The  surface  of  Mars  has  been  carefully  studied  by  many  observers.  Gassini  and 
Hooke  took  pictures  of  Mars  in  1606.  Maraldi  observed  the  planet  in  1720.  Sir 
William  flerschel  made  a  series  of  observations  between  the  years  1777  and  1783. 
In  the  years  1830-37,  Messrs.  Beer  and  M'adler  made  many  drawings  of  Mars,  which 
are  wonderfully  exact,  considering  the  small  telescopic  power  employed  by  these  ob- 
servers. Observations  of  the  planet  have  also  been  made  by  Kunowski,  De  la  Rue, 
8ecchi,  Phillips,  Nasmyth,  and  others.  The  observations  made  in  1864  by  Mr. 
Lockyer  are  even  better,  and  are  surpassed  only  by  the  drawings  which  we  owe  to 
Mr.  Dawes,  who  subjected  the  planet  to  a  searching  scrutiny  during  the  oppositions 
which  took  place  between  the  years  1856-1865.  He  entrusted  to  the  preseut  writer 
twenty-nine  of  these  drawings,  from  which  the  latter  constructed  a  chart  of  Mars, 
giving  names  to  the  principal  lands  and  seas.  From  this  chart  Mr.  Browning  has 
made  a  £lobe  of  the  planet,  and,  by  photographing  the  globe,  he  has  obtained  a 
series  of  interesting  stereograms. 

From  the  appearance  of  Mars,  there  is  every  reason  to  believe  that  the  so-called 
lands  and  seas  are  really  continents  and  oceans ;  while  patches  of  white  light  which 
are  seen  near  the  poles  of  the  planet  may  be  confidently  regarded  as  indicating  the 
existence  of  ice  and  snow,  as  in  the  polar  regions  of  our  own  earth.  The  spectro- 
scope has  shown  that  the  atmosphere  of  Mars  contains  the  vapor  of  water,  so  that 
when  we  find  variable  masses  of  white  light  over  parts  of  his  surface,  we  may  con- 
clude that  they  are  due  to  the  presence  of  clouds  in  his  atmosphere.  Another  fea- 
ture which  has  given  rise  to  some  difficulty  seems  explicable  also  in  this  way.  The 
parts  of  the  disk  near  its  edge  are  commonly  brighter  than  the  middle  of  the  disk, 
and  Dr.  Zollner  has  been  at  some  pains  to  explain  this  feature  as  due  to  peculiarities 
of  the  planet's  surface.  But  when  we  notice  that  the  lands  and  seas  become  indis- 
tinct near  the  edge  of  the  disk,  we  are  led  to  sec  that  another  explanation  is  needed, 
even  if  it  were  not  altogether  impossible  to  accept  an  explanation  which  requires, 
according  to  Zollner's  own  account,  that  the  surface  of  Mars  should  be  covered  by 
irregularities  having  a  slope  of  no  less  than  75°.  The  peculiarity  must  belong  to 
the  atmosphere,  not  to  the  surface  of  Mars,  and  may  probably  indicate  that  the  or- 
dinary arrangement  of  the  Martial  clouds  resembles  that  of  our  own  cumulus  clouds. 
We  know  that,  during  a  summer's  day,  when  the  sky  overhead  shows  great  blue 
spaces  between  cumulus  clouds,  the  sky  near  the  horizon  seems  almost  wholly  cov- 
ered by  clouds,  the  reason  being  not  that  clouds  are  really  spread  more  thickly  over 
regions  all  round  the  observer  than  near  him,  but  that  the  effect  of  foreshortening 
brings  more  clouds  into  view  in  a  given  portion  of  the  heavens  near  the  horizon  than 
in  a  similar  portion  overhead.  Now,  we  deduce  from  this  the  simple  principle,  that 
lines  drawn  at  right  angles,  or  nearly  so,  to  the  surface  of  a  globe,  surrounded  by  an 
atmosphere  bearing  such  clouds  as  our  cumulus  clouds,  are  less  likely  to  encounter 
a  cloud  than  lines  drawn  at  an  acute  angle  to  the  surface.  Hence,  if  the  clouds  of 
Mars  be  generally  cumuli,  the  lines  of  sight  to  the  central  parts  of  the  disk  of  Mars 
will  encounter  fewer  clouds  within  a  given  portion  of  the  disk,  than  lines  drawn  to 
parts  near  the  edge ;  for  the  former  meet  the  surface  of  the  planet  nearly  at  a  right 
angle,  the  latter  meet  his  surface  at  an  acute  angle.  The  contrary  would  be  the 
case  were  the  atmosphere  of  Mars  loaded  with  stratus  clouds.  We  have  thus  a 
means  of  forming  an  opinion  as  to  one  important  meteorological  relation  in  the  case 
of  the  ruddy  planet.  It  would  be  well  worth  the  trouble  to  inquire  whether  the  pe- 
culiar brightness  of  the  edge  of  Mare's  disk  is  to  be  regarded  as  a  constant  or  variable 
Shenomenon,  and  whether  it  is  more  marked  in  one  hemisphere  than  in  the  other 
uring  the  summer  or  winter  of  either  Martial  hemisphere. 

Mars  approaches  the  earth  so  nearly  during  some  oppositions  as  to  afford  a  very 
trustworthy  means  of  determining  the  solar  parallax.  Since  at  such  a  time  he  is 
shining  on  a  dark  sky,  it  is  easy  to  compare  his  distance  from  certain  stars  of  known 
position,  according  as  he  is  viewed  either  from  northern  or  southern  stations,  or  as  he 
is  seen  at  different  hours  when  viewed  from  one  and  the  same  station.  The  latter 
method,  devised  by  Mr.  Airy,  has  some  advantages  over  the  former.  Both  methods 
have  been  applied  with  considerable  success  by  astronomers.  (See  Sun,  Distance 
of  the.) 

On  account  of  his  proximity  to  the  earth,  also,  Mars  presents  a  gibbous  aspect 
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when  he  is  in  quadrature,  at  which  time  the  line  of  eight  from  the  earth  is  inclined 
at  a  very  considerable  angle  to  the  line  from  the  sun  to  Mars. 

Marsh  Gas;  or,  Light  Carburetted  Hydrogen.  A  gaseous  hydro-carbon  fre- 
cmently  occurring  in  nature.  It  is  the  fire-damp  of  miners,  and  frequently  rises  from 
the  earth  in  marshy  districts.  Specific  gravity,  0.557.  It  has  neither  taste,  smell, 
nor  color,  and  has  no  action  on  test-paper.  It  is  very  slightly  soluble  in  water. 
When  ignited,  it  burns  with  a  pale  white  flame.    Composition,  CH4. 

MarsiC.     (Arabic.)     The  star  a  of  the  constellation  Hercules. 

Mara.  Mass  is  a  term  for  the  quantity  of  matter  in  a  body.  In  order  to  measure 
mass,  we  assume  that  the  attraction  of  the  earth  on  all  particles  of  matter  is  the 
same,  and  is  not  dependent  on  the  nature  of  the  matter  attracted.  This  assumption 
seems  to  be  justified  by  the  fact  that  bodies  of  all  kinds  fall  with  equal  velocity  in 
the  exhausted  receiver  of  an  air-pump.  Hence  we  measure  the  mass  of  a  body  by 
its  weight,  and  can  only  define  the  mass  as  a  quantity  proportional  to  the  weight 
If,  then,  at  the  same  spot  on  the  earth's  surface  one  body  is  twice  as  heavy  as  another, 
the  mass  of  the  first  is  twice  that  of  the  second.  Suppose,  however,  that  the  body 
be  weighed  by  a  spring  balance  at  a  certain  place,  ana  weighed  again  by  the  same 
instrument  at  another  place  nearer  the  equator,  it  will  be  found  that  the  body  is 
lighter  at  the  latter  place.  It  is  found  also  that  the  acceleration  due  to  the  attrac- 
tion of  the  earth  is  also  less  at  the  second  place  than  at  the  first,  in  the  same  pro- 
portion. This  illustrates  the  fact  that  when  the  mass  remains  the  same,  the  weight 
varies  as  the  acceleration  of  gravity.  Hence  the  weight  varies  as  the  product  of  the 
mass  and  the  acceleration  of  gravity,  and  consequently  when  suitable  units  are 
chosen,  the  mass  of  a  body  is  equal  to  its  weight  divided  by  the  acceleration  due  to 
gravity.     (See  Laws  of  Motion.) 

Massicot.    See  Lead  ;  Oxides. 

Masson's  Electro-Photometer.    See  Elecero-Photometer. 

Matter,  Continuity  of  the  Liquid  and  Gaseous  States  of.    Till  within  a  little 

more  than  a  year  most  people  were  taught  to  consider  the  liquid  and  gaseous  condi- 
tions of  matter  as  essentially  distinct.  It  has  been  long  known,  it  is  true,  that  many 
bodies  could  be  obtained  in  the  solid,  liquid,  and  vaporous  state,  and  that  vapors 
approximately  obey  the  law  of  Boyle.  Since  1823,  the  date  of  Faraday's  communi- 
cation to  the  Royal  Society,  it  has  been  recognized  that  many  bodies  formerly  con- 
sidered to  be  gases,  and  only  known  in  that  state,  could,  by  the  application  of  cold 
and  pressure,  be  reduced  to  liquids,  and  a  few  years  later  it  was  shown  that  some  of 
these  liquids  are  convertible  into  solids;  but  it  was  in  1660  that  the  beautiful 
researches  of  Dr.  Andrews  threw  an  altogether  new  light  on  the  subject  of  the  con- 
nection of  the  liquid  and  gaseous  state  of  matter. 

Suppose  that  at  an  ordinary  temperature  of  the  air,  a  quantity  of  carbonic  acid 
gas  be  taken  and  exposed  to  pressure  in  a  glass*  tube,  the  following  phenomena  will 
be  observed.  Suppose,  for  example,  that  the  temperature  at  which  the  experiment 
is  made  is  0°  C.  (32°  F.).  On  applying  pressure,  the  volume  will  be  found  to  decrease, 
and  were  the  gas  a  perfect  one,  it  would  decrease  according  to  the  well-known  law 
of  Boyle,  namely,  that  the  volume  of  a  gas  varies  inversely  with  the  pressure,  the 
temperature  being  kept  constant.  Thus,  if  the  pressure  be  doubled  tie  volume  is 
halved,  and  if  the  pressure  be  trebled  the  volume  is  reduced  to  one-third.  But 
carbonic  acid  is  not  a  perfect  gas,  and  the  volume  diminishes  much  more  rapidly  than 
it  should  according  to  the  law  just  stated.  This  divergence  from  Boyle's  law 
increases  as  the  pressure  increases,  till  a  pressure  of  38.5  atmospheres  is  reached, 
when  suddenly  the  law  fails  altogether,  ana  without  any  further  application  of  pres- 
sure the  gas  becomes  a  liquid.  What  we  have  here  described  is  true  for  all  gases, 
with  the  exception  of  oxygen,  hydrogen,  nitrogen,  carbonic  oxide,  nitric  oxide,  and 
marsh  gas.  The  pressure  at  which  liquefaction  takes  place  depends  upon  the  nature 
of  the  gas,  and  upon  its  temperature.  Under  Liquefaction  of  Gases  will  be  found 
a  table  displaying  this.  It  is  to  be  observed  that  the  failure  of  Boyle's  law  is  most 
apparent  in  the  most  easily  condensed  gases ;  the  six  that  we  have  mentioned  as  not 

*  This  is  what  Dr.  Andrews  did.  The  gas  was  contained  in  a  fine  thermometer  tube,  sealed 
at  one  end,  and  having  a  column  of  mercury  to  inclose  the  gas  at  the  other.  Pressure  wm 
applied,  and  the  mercury  column  driven  into  the  tube,  so  as  to  diminish  the  volume  of  the 
gas  ;  the  tube  oouM  he  surrounded  by  a  freezing  mixture,  and  thus  oold  was  applied.  (See 
Ltquefaction  and  Solidification  of  Gases.) 
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baring  been  liquefied  depart  bat  little  from  it ;  and  that  the  nearer  the  gas  is  to  its 
point  of  condensation  the  more  does  it  diverge  from  couformity  to  the  law. 

The  properties  of  the  liquid  carbonic  acid  are  very  remarkable.  Thilorier  showed 
that  the  coefficient  of  expansion  for  heat  of  the  liquid  is  greater  than  that  of  any 
aeriform  body ;  and  Andrews,  that  the  compressibility  of  the  liquid  is  much  greater 
than  that  of  ordinary  liquids,  and  that  it  decreases  with  the  pressure. 

If  the  experiment  indicated  above  be  tried  with  carbonic  acid  gas,  at  any 
temperature  below  30°.92  C.  (87°.7  P.),  there  will  be  a  certain  pressure,  at  which 
the  abrupt  transition  from  the  gaseous  to  the  liquid  state  takes  place,  but,  in  1863, 
Andrews  showed  that  above  this  temperature  the  case  is  very  different.  He  says — 
44 On  partially  liquefying  carbonic  acid  (that  is,  keeping  the  capillary  tube  mentioned 
in  the  note  above  in  such  a  condition,  by  application  of  a  proper  amount  of  pressure, 
that  the  lower  part  may  contain  liquid  carbonic  acid,  while  that  in  the  upper  part  is 
gaseous),  by  pressure,  and  gradually  raising,  at  the  same  time,  the  temperature  to 
88°  F.,  the  surface  of  demarcation  between  the  liquid  and  gas  became  faint,  lost  its 
ourvature,  and  at  last  disappeared.  The  space  was  then  occupied  by  a  homogeneous 
fluid,  which  exhibited,  when  the  pressure  was  suddenly  diminished,  or  the  temperature 
slightly  lowered,  a  peculiar  appearance  of  moying  or  flickering  striae  throughout  its 
entire  mass.  At  temperatures  above  88°  no  apparent  liquefaction  of  carbonic  acid, 
or  separation  into  two  distinct  forms  of  matter,  could  be  effected,  even  when  a  pres- 
sure of  300  or  400  atmospheres  was  applied.  Nitrous  oxide  gave  analogous  results." 
Or,  again,  if  to  gas  above  the  temperature  30°.92  C.  pressure  be  applied,  gradually 
increasing  in  amount,  the  volume  of  the  gas  will  diminish  steadily,  but  there  will 
never  at  any  point  be  an  abrupt  decrease  of  volume  without  any  increased  pressure 
such  as  that  described  in  the  first  experiment.  "  At  30°. 92,  and  under  a  pressure  of 
about  74  atmospheres,  the  densities  of  liquid  and  gaseous  carbonic  acid,  as  well  as 
all  their  other  physical  properties,  become  absolutely  identical,  and  the  most  careful 
observation  fails  to  discover  any  heterogeneity  at  this  or  higher  temperatures  in 
carbonic  acid,  when  its  volume  is  so  reduced  as  to  occupy  a  space  in  which,  at  lower 
temperatures,  a  mixture  of  gas  and  liquid  could  have  been  formed.  In  other  words, 
all  distinctions  of  state  have  disappeared,  and  the  carbonic  acid  has  become  one 
homogeneous  fluid,  which  cannot  by  change  of  pressure  be  separated  into  two  distinct 
physical  conditions.  This  temperature  of  30°.9'2  is  called  by  Dr.  Andrews  the  critical 
point  for  carbonic  acid.  Other  fluids  which  can  be  obtained  in  both  the  liquid  and 
gaseous  states  have  shown  similar  phenomena,  and  have  each  presented  a  critical 
point  of  temperature."* 

Although,  however,  there  is  no  abrupt  change  in  the  volume  of  carbonic  acid  when 
exposed  to  pressure  at  a  temperature  above  the  critical  point,  yet  at  temperatures 
near  to  this  point  the  body  possesses  a  peculiar  property.  At  a  certain  pressure  there 
is  an  excessively  rapid  deviation  from  Boyle's  law ;  on  the  application  of  a  pressure 
Tery  slightly  increasing,  a  diminution  of  volume  quite  disproportionate  occurs.  As 
the  temperature  is  raised  the  peculiarity  disappears ;  the  law  of  Boyle  is  more  nearly 
fulfilled  till  at  a  temperature  of  48°.l  C.,  the  application  of  a  constantly  increasing 
pressure  gives  rise  to  a  perfectly  gradual  decrease  of  volume.  In  the  paper  of  Dr. 
Andrews  (The  Bakerian  Lecture  for  1869,  Transactions  of  the  Royal  Society),  the 
relation  of  volume  to  pressure  at  various  temperatures  is  exhibited  with  the  aid  of 
carefully  drawn  curves,  which  display,  in  a  way  that  no  description  can,  the  gradual 
alteration  in  elastic  properties  of  carbonic  acia  as  the  temperature  increases.  We 
must  refer  our  readers  to  that  paper,  and  to  the  essay  by  Prof.  James  Thomson, 
quoted  above,  for  many  details. 

In  conclusion,  we  shall  suppose  the  performance  of  two  illustrative  experiments  of 
Dr.  Andrews.  Let  a  volume  of  carbonic  acid  gas  be  taken,  say  at  50°  C.  (19°  above 
the  critical  point),  and  let  it  be  exposed  to  increasing  pressure  till  150  atmospheres 
have  been  reached.  In  this  process  its  volume  will  steadily  diminish  as  the  pressure 
augments,  and  uo  sudden  diminution  of  volume,  without  the  application  of  external 
pressure,  will  occur  at  any  stage  of  it.  When  the  full  pressure  nas  been  applied,  let 
the  temperature  be  allowed  to  fall  till  the  carbonic  acid  has  reached  the  ordinary 
temperature  of  the  atmosphere.  During  the  whole  time  no  breach  of  continuity  has 
occurred.     It  begins  as  a  gas,  and,  by  a  series  of  gradual  changes,  presenting 

*  Original  E«*ay,  by  Prof.  James  Thomson,  LL.D.,  "On  the  Continuity  of  the  Gaseous  and 
Liquid  Sute  of  Matter."— Nature,  1870. 
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nowhere  any  abrupt  alteration  of  volume  or  sudden  evolution  of  heat,  it  ends  as  a 
liquid.  That  the  gas  has  actually  chauged  into  a  liquid  would,  indeed,  never  be 
suspected  did  it  not  show  itself  to  be  so  changed,  by  entering  into  ebullition  ou  the 
removal  of  pressure.  Suppose,  on  the  other  hand,  a  volume  of  liquid  carbonic  acid 
kept  by  application  of  pressure  from  entering  into  ebullition,  while  the  temperature 
is  gradually  raised  to  50°  (J.,  it  will  steadily,  if  permitted  to  do  so,  expand,  though 
without  at  any  point  exhibiting  any  sign  of  abrupt  alteration.  If,  however,  when 
its  temperature  has  reached  that  point,  the  pressure  be  removed,  it  will  be  found 
that  ebullition  is  no  longer  possible — that  the  liquid,  in  fact,  has  gradually  become 
a  gas. 

Dr.  Andrews  asks  the  important  question,  "  What  is  the  condition  of  carbonic  acid 
when  it  passes  at  temperatures  above  31°  from  the  gaseous  state  down  to  the  volume 
of  a  liquid  without  giving  evidence  at  any  part  of  liquefaction  having  occurred  ? 
Does  it  continue  in  the  gaseous  state,  or  does  it  liquefy,  or  have  we  to  deal  with  a 
new  condition  of  matter  ?" 

He  finds  the  answer  in  the  recognition  of  the  intimate  relations  which  subsist 
between  the  gaseous  and  liquid  conditions  of  matter.  He  looks  upon  the  ordinary 
gaseous  and  liquid  states  only  as  widely  separated  forms  of  the  same  condition  of 
matter,  considering  that  the  same  body  may  be  made  to  pass  from  one  state  to  the 
other  gradually,  and  without  exhibiting  any  abrupt  alteration.  Under  certain  con- 
ditions of  temperature  and  pressure,  he  says,  carbonic  acid  finds  itself,  it  is  true,  in  a 
state  of  instability,  and  passes  suddenly,  with  the  evolution  of  heat  and  without  the 
application  of  increased  pressure  or  the  decrease  of  temperature,  from  the  gaseous 
to  the  liquid  condition.  But  in  other  cases  the  distinction  cannot  be  made,  and  it 
would  be  frequently  impossible  to  assign  to  the  carbonic  acid  one  state  rather  than 
another. 

Mauveine.    See  Aniline. 

Maximum  Density  of  Water.  A  remarkable  exception  to  the  general  law  of 
the  expansion  of  matter  by  heat  is  presented  in  the  case  of  water  when  near  the 
freezing  point.  If  we  fill  a  thermometer  tube  with  water,  and  place  it  side  by  side 
with  a  mercurial  thermometer  in  a  freezing  mixture,  we  notice  that  the  water  (say 
at  60°  F.)  continues  to  contract  until  it  reaches  a  temperature  of  39.2°  F.  (4°  C); 
as  the  cooling  continues  it  expands,  and  at  38.2°  possesses  sensibly  the  same  volume 
as  it  did  at  40.2° ;  the  liquid  expands  until  it  reaches  the  freezing  point,  and  at  the 
moment  of  its  conversion  into  ice  a  considerable  expansion  takes  place.  At  39.2°  F. 
or  4°  0.  water  therefore  possesses  its  maximum  density — that  is  to  say,  a  vessel  of 
a  given  capacity,  say  I  cubic  inch,  will  hold  more  water  at  this  temperature  than  at 
any  other.  If  the  water  be  either  cooled  or  heated  when  at  this  temperature  it 
expands,  and  occupies  greater  bulk,  and  hence  possesses  less  density.  Supposing 
the  water  at  33°  F.,  and  that  it  is  heated,  we  now  obtain  the  curious  anomaly  of 
contraction  produced  by  heat,  and  this  will  continue  till  it  reaches  39.2°,  when  it  will 
expand,  and  go  on  expanding  till  it  attains  212°  F.,  when  it  will  become  steam. 
Numerous  experiments  have  been  made  with  a  view  of  determining  the  precise 
temperature  at  which  water  possesses  its  maximum  density.  According  to  Munke 
and  Stampfer  it  is  38.8°  F.,  while  Blagdon  made  it  39°,  and  Hope  and  Rumford  40°. 
M.  Despretz  examined  the  question  with  extreme  care,  and  fixea  the  temperature  at 
3.997°  0.,  or  39.1946°  F.  The  temperature  which  is  now  universally  accepted  is  4° 
C,  or  39.2°  F.  The  following  table  shows  the  volume  and  density  (or  specific  gravity) 
of  water  at  various  temperatures. 
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Table  of  tot  Densities  and  Volumes  of  Water  at  Temperatures  varying  from 
—  9°  C.  (15.8°  F.)  to  100°  C.  (212°  F.),  according  to  M.  Despbetz.  The 
volume  and  density  at  4°  C.  (39.2°  F.)  =  1.000000. 


Temp. 

Volume. 

Density. 

Temp. 

Volume. 

Density. 

— »°C. 

1.0016311 

0.998Sn 

12°  C. 

10004724 

0.999527 

—8 

1.0013731 

0.998628 

13 

1.0)05802 

0.999414 

—7 

1.O011354 

0.998865 

1        14 

1.0007146 

0.999285 

—8 

1.0009151 

0.999082 

15 

1.0008751 

0.999125 

—5 

1.0000)87 

0.999302 

20 

1.00179 

0.99S213 

—4 

1.0005619 

0.999437 

25 

1.00293 

0.997078 

—3 

1.0004222 

0.999577 

30 

1.00433 

0.99.06S8 

—2 

1.0003077 

0.999692 

35 

1.00593 

0.994104 

—1 

1.0002138 

0  999786 

40 

1.00773 

0.992329 

0 

1.0001269 

0.999873 

45 

100985 

0.990246 

1 

1  0000730 

0  999927 

50 

101205 

0.988093 

2 

1  0000331 

0.999966 

55 

101445 

0.983736 

S 

1.0000083 

0.999999 

60 

1.01698 

0  983303 

4 

1.0000000 

1.000000 

65 

1.01967 

0.980709 

6 

1.0000082 

0  999999 

70 

1.02255 

0  977947 

6 

1.0000309 

0.999969 

75 

1.025<2 

0.975018 

7 

1  0000708 

0.999929 

80 

1  02885 

0.971959 

8 

1.0001216 

0.999578 

S5 

1.01225 

0.96S757 

9 

1.0001879 

0.999812 

90 

1.03566 

0.965567 

10 

1.0002684 

0.999731 

95 

1.03925 

0.962232 

11 

1.0003398 

0.999640 

100 

1.04315 

0.956634 

"We  notice  above  that  the  volume  of  water  at  several  degrees  below  its  freezing 
point  has  been  given,  and  this  arises  from  the  fact  that,  under  certain  conditions, 
water  may  be  cooled  to  a  temperature  many  degrees  below  its  freezing  point  with- 
out solidifying.  When  water  is  deprived  of  air  and  cooled  very  slowly  in  a  per- 
fectly still  place,  it  may  attain  a  temperature  of — 6°C.  (21.2°  F.) ;  and  when  cooled 
in  a  vacuum  beneath  a  layer  of  oil  tne  temperature  has  been  reduced  to  — 12°  C. 
(10.4°  F.).  If,  however,  the  vessel  is  agitated,  the  water  instantly  solidifies,  and 
the  temperature  rises  to  0°  C.  (32°  F.).  M.  Despretz  has  cooled  water  to  — 20°  C. 
( — 4°  F.)  without  solidification. 

As  water  expands  when  cooled  below  39.2°  F.,  and  also  expands  in  freezing,  it 
follows  that  ice  is  lighter  than  ice-cold  water.  M.  lirunner  has  determined  the  den- 
sity of  ice,  and  finds  it  to  be  0.92013  at  —19°  C.  (—2.2°  F.),  and  0.91800  at  0°  C, 
from  which  he  deduces  0.000122  as  the  coefficient  of  cubical  expansion  of  ice  for 
1°  0.  In  virtue  of  its  diminished  specific  gravity,  ice  floats  upon  ice-cold  water, 
and  masses  of  water — inland  seas,  lakes,  rivers,  etc. — can  never  De  frozen  into  one 
mass  of  ice,  as  would  be  the  case  if  ice,  like  other  6olids,  were  heavier  than  an  equal 
J>ulk  of  the  liquid  which  produces  it.  As  it  is,  the  surface  of  water  freezes  first, 
and  protects  the  water  beneath  it  and  the  fish  within  it.  Let  us  imagine  a  lake 
at  a  temperature  of  40°  F.  in  an  atmosphere  of  30°  F. ;  the  surface  is  chilled  to 
39.2°,  and  the  water  at  this  temperature  sinks  at  once  to  the  bottom,  while  the 
wanner  water  rises  and'  is  chilled  in  its  turn,  until  the  whole  mass  of  water  has  the 
same  temperature.  As  the  cooling  continues,  the  water  reduced  below  39.2°  floats 
on  the  surface,  and  a  layer  of  it  is  frozen.  If  ice  were  heavier  than  ice-cold  water, 
lakes  would  freeze  from  below  upwards,  and  would  become  one  mass  of  ice,  by  which 
means  all  fish  and  other  living  things  within  them  would  be  destroyed. 

We  have  mentioned  above  that  water  expands  at  the  moment  of  freezing.  Now, 
the  force  of  this  expansion  is  enormous.  If  a  small  quantity  of  water  is  securely 
inclosed  in  an  iron  bottle  with  sides  an  inch  thick,  and  is  then  frozen,  the  bottle  is 
broken.  To  the  same  cause  the  bursting  of  water-pipes  daring  a  sharp  frost  is  to 
be  traced.  The  pipes  are  full  of  water  at  the  time  of  the  frost,  and  are  broken 
when  the  water  expands  in  becoming  ice.  When  the  thaw  commences  the  core  of 
ice  melts  out  of  the  pipes,  and  allows  the  escape  of  water  through  the  fissures ;  so 
that,  although  the  pipes  are  broken  during  the  frost,  we  only  become  aware  of  the 
fact  when  the  thaw  takes  place.  For  the  same  reason,  porous  stones  are  cracked, 
and  masses  of  fissured  rocks  are  loosened  and  disintegrated  during  a  hard  frost. 
Major  Williams  made  the  following  experiment  at  Quebec,  at  a  time  when  the  tem- 
perature of  the  air  was  —28°  C.  (—18.4°  F.) :  He  filled  a  bomb  35  centimetres 
(13.75  inches)  in  diameter  with  water,  and  closed  it  securely  by  an  iron  plug  weigh- 
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ing  three  pounds.  At  the  moment  when  the  water  congealed,  the  ping  was  pro- 
jected to  a  distance  of  more  than  100  metres  (328  feet),  and  at  the  same  time  a 
cylinder  of  ice  22  centimetres  (8.64  inches)  long  issued  from  the  orifice  of  the  bomb. 
In  a  second  experiment,  the  plug  was  not  forced  out,  but  the  bomb  broke,  and  a 
sheet  of  ice  issued  from  the  crack. 

Maximum  Thermometer.  A  thermometer  intended  to  indicate  the  highest 
temperature  attained  during  a  day,  or  during  any  given  space  of  time.  Ruther- 
ford's Maximum  Thermometer  has  a  movable  steel  index  at  the  end  of  the  mer- 
curial column.  As  the  temperature  rises,  the  mercury  pushes  this  index  before  it ; 
but  when  the  temperature  falls,  the  index  does  not  follow  the  returning  mercury. 
The  instrument  is  most  conveniently  set  by  bringing  the  steel  index  back  to  the 
mercury  by  means  of  a  magnet  In  Philip's  Maximum  Thermometer,  part  of  the 
mercurial  column  is  separated  from  the  rest  by  a  minute  air  bubble  ;  the  detached 
part  does  not  follow  the  mercury  when  the  temperature  falls.  In  the  maximum 
thermometer  of  Negretti  and  Zambra  the  tube  is  bent  near  the  bulb,  and  the  bore 
contracted  at  the  angle.  Hence,  when  the  temperature  falls,  the  part  of  the  mer- 
cury beyond  the  bend  does  not  follow  the  retreat  of  the  rest. 

Mean  Distance.  In  astronomy  the  mean  distance  of  a  planet  is  the  mean  be- 
tween the  greatest  and  least  distances  of  the  planet  from  the  sun.  Thus  the  mean 
distance  is  equal  to  half  the  major  axis  of  the  orbit.  The  extremities  of  the  minor 
axis  of  an  orbit  are  at  the  mean  distance  from  the  focus. 

Mean  Solar  Time.    See  Day. 

Measures.    See  Metric  System. 

Mebsnta.     (Arabic.)    The  star  $  of  the  constellation  Gemini. 

Mechanical  Advantage.  The  ratio  between  the  power  applied  to  a  machine, 
and  the  weight  or  resistance  supported  by  the  action  or  a  machine  when  just  on  the 
point  of  causing  motion.  Thus  if  in  a  lever,  having  arms  of  1  inch  and  8  inches 
respectively,  a  power  equal  to  2  lbs.  applied  at  the  long  arm  keeps  a  weight  of  16 
lbs.  at  the  short  arm  at  rest,  the  mechanical  advantage  of  the  lever  is  expressed  by 
the  ratio  of  16  to  2,  or  8.     (See  Virtual  Velocities.) 

Mechanical  Effect.  Work  done  by  anv  agent,  and  estimated  in  terms  of  some 
unit  of  weight  raised  through  a  unit  of  height.  (See  Dynamical  Unit;  Fovt- 
Pound  ;  Horse-Power.) 

Mechanical  Equivalent  of  Heat.  A  term  introduced  by  Dr.  Julius  Mayer,  of 
Heilbronn,  in  1842,  to  express  the  relationship  existing  between  mechanical  work 
and  heat.  The  mechanical  equivalent  of  heat  is  the  amount  of  actual  visible  force 
or  work  (usually  measured  in  foot-pounds  or  kilogram  met  res)  which  is  convertible 
into  a  unit  of  heat,  and  into  which  conversely  a  unit  of  heat  can  be  converted.  The 
determination  of  the  mechanical  equivalent  of  heat  forms  the  basis  of  the  modern 
science  of  beat  regarded  as  motion.  It  was  made  quite  independently  by  Dr.  Mayer, 
and  by  Dr.  Joule,  of  Manchester,  the  former  deducing  his  result  by  calculating  the 
work  done  by  a  gas  in  expanding  under  certain  conditions,  while  the  latter  worked 
experimentally,  and  proved  the  relationship  between  heat  and  work  by  direct  me- 
chanical and  calorimetrical  means.  We  will  first  consider  Mayer's  method,  as  stated 
by  Tyndall ;  and  it  is  for  the  method,  rather  than  for  the  result,  that  we  are  in- 
debted to  Maver,  because  certain  of  his  data  were  not  perfectly  correct.  A  gas 
expands  ifa  oi  its  volume  for  1°  F.,  or  T| y  of  its  volume  for  1°  C,  hence  a  given 
volume  will,  on  having  its  temperature  raised  490°  F.,  or  273°  C,  occupy  twice  as 
much  space  as  before.  If  we  have  a  cubic  foot  of  air  at  the  freezing  temperature 
of  water,  and  under  ordinary  atmospheric  pressure,  and  if  we  heat  it  until  it  doubles 
its  volume,  the  heat  which  has  produced  this  expansion  will  have  performed  a  cer- 
tain amount  of  work,  for  it  will  have  caused  the  air  to  expand  against  the  atmos- 
pheric pressure.  Now,  as  the  atmospheric  pressure  on  a  square  inch  of  surface  is 
in  round  numbers  15  lbs.,  it  follows  that  the  pressure  on  a  square  foot  is  15  x  144 
=  2160  pounds.  Therefore  the  heat,  which  nas  doubled  the  volume  of  the  cnbio 
foot  of  air,  has  raised  2160  lbs.  through  a  height  of  1  foot  The  weight  of  a  cubic 
foot  of  air  at  the  freezing  temperature  is  1.29  ounces,  and  by  a  calculation  relating 
to  the  specific  heat,  or  capacity  for  heat,  of  a  cubic  foot  of  air  compared  with  that 
of  water,  it  is  found  that  the  amount  of  heat  which  has  sufficed  to  raise  the  cubic 
foot  of  air  through  490°  F.,  or  273°  C,  would  raise  0.31  oz.  of  water  through  the  same 
temperature,  or  9£  lbs.  of  water  1°  F.,  and  5.29  lbs.  1°  C.  Here,  Aen,  we  have 
the  data  in  terms  of  a  unit  of  heat  (which  see),  and  the  result  may  be  stated  as 
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follows :  The  amount  of  heat  competent  to  double  the  volume  of  a  cubic  foot  of  air 
under  ordinary  atmospheric  pressure,  and  consequently  by  the  means  to  lift  2160 
lbs.  to  a  height  of  1  foot,  is  equal  to  9£  units  of  heat  (oue  pound  of  water  raised  1° 
F.),  or  to  5.29  units  of  heat,  if  we  take  as  our  unit  1  lb.  of  water  raised  1°  C.  We 
now  arrive  at  the  second  stage  of  the  calculation.  It  has  been  found  that,  when  a 
gas  is  heated  under  a  constant  pressure  (as  in  the  above  instance),  it  requires  a 
larger  amount  of  heat  than  when  it  is  heated  under  a  constant  volume ;  in  the 
former  case,  it  is  allowed  to  expand ;  in  the  latter,  the  expansion  is  restrained.  (See 
Specific  Heat.)  The  relation  of  these  quantities  is  as  1.42  to  1,  or  according  to  a 
recent  determination  as  1.414  to  1.  Applying  this  to  the  heat  absorbed  by  the 
cubic  foot  of  air  under  constant  pressure,  we  fiud  the  following  proportion  : — 

1.414        :        1        :  :        9.5        :        x 

1x9,5  units  of  heat «  6.71  units. 
1.414 

Or,  in  the  case  of  the  Centigrade  unit — 

1.414        :        1        :  :        5.29        :       x 

1*M?  =  3.74  units  of  heat. 
1.414 

Therefore,  if  the  cubic  foot  of  air  had  been  heated  under  a  constant  volume — that  is, 
if  it  had  not  been  permitted  to  expand,  and  thus  to  cause  an  expenditure  of  force 
equal  to  2160  pounds,  raised  to  a  height  of  one  foot,  it  would  have  required  6.71 
units  of  heat  of  the  F.  scale,  or  3.74  of  the  C.  scale. 

Now  9.5   —  6.71  =s  2.79  Fahrenheit  units, 
and    5.29  —  3.74  =  1.55  Centigrade  units. 

Therefore  we  find  the  excess  of  heat,  imparted  to  the  cubic  foot  of  air,  when  allowed 
to  expand,  above  that  required  to  simply  raise  its  temperature  through  490°  F.  or 
273°  C.,  is  2.79  units  of  the  Fahrenheit  scale,  or  1.55  units  of  the  Centigrade  scale, 
and  this  excess  has  obviously  lifted  the  weight  of  2160  lbs.  through  a  height  of  1 
foot 

Hence  ?1*?2  feet  =  7741  ft 
2.79 

and  ?152feet«:  1398.5  ft 
1.55 

Therefore  1  unit  of  heat  of  the  Fahrenheit  scale  is  capable,  when  converted  into 
mechanical  work,  of  raising  1  lb.  weight  to  a  height  of  774.1  feet ;  or,  what  is  the 
same  thing,  774.1  lbs.  to  a  height  of  1  foot ;  and  1  unit  of  heat  of  the  Centigrade 
scale  can,  when  transformed  into  mechanical  work,  raise  1  lb.  weight  to  a  height  of 
1393.5  feet,  or  1393.5  lbs.  to  a  height  of  one  foot.  This  is  the  mode  of  calculation 
adopted  by  Mayer,  to  determine  the  relation  between  heat  and  work — viz.,  the 
mechanical  equivalent  of  heat. 

Mr.  Joule  pursued  an  altogether  different  plan.  He  sought  to  determine,  by  ex- 
perimental means,  the  relation  of  the  amount  of  mechanical  work  disappearing  in 
the  form  of  friction  to  the  heat  which  resulted.  The  simplest  and  most  exact  form 
of  force  which  he  could  use,  was  that  of  a  known  weight  falling  through  a  known 
space,  under  the  action  of  the  force  of  gravity.  The  laws  of  falling  bodies  (which 
■ee)  are  capable  of,  and  have  been  submitted  to,  very  exact  determination  and  veri- 
fication, and  Mr.  Joule  wisely  chose  a  falling  body  as  his  source  of  mechanical 
power;  the  motion  was  communicated  to  a  spindle,  which  was  caused  to  revolve  by 
the  unwinding  of  string  from  it  as  the  weight  descended,  on  the  principle  of  spinning 
•  top,  or  giving  rotatory  motion  to  a  gyroscope,  and  the  spindle  expended  the  motion 
thus  received  m  producing  friction  in  various  ways,  principally  by  causing  a  paddle 
to  revolve  in  water  and  in  mercury.  The  paddle  was  inclosed  in  a  circular  vessel, 
carefully  protected  from  receiving  extraneous  heat,  and  it  contained  water  at  a  known 
temperature.  The  heat,  resulting  from  the  friction  of  the  paddle  with  the  water, 
was  measured  with  great  accuracy  by  thermometers  reading  to  y^  of  a  degree  Fah- 
renheit, and  calculated  according  to  ordinary  calorimetrical  methods,  while  every 
allowance  was  made  for  loss  of  mechanical  power  through  friction  of  the  pulleys,  the 
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space  through  which  the  resistance  will  be  overcome  then  it  is  proportional  to  v1. 
(See  Momentum,  and  Energy.) 

The  next  important  contribution  to  mechanics  was  the  principle  of  the  conserva- 
tion of  living  forces  (vires  viva)  established  by  J.  Bernoulli.  In  1788  Lagrange 
applied  the  method  of  co-ordinates,  and  thus  made  the  science  purely  analytical. 

The  best  complete  treatises  on  the  subject  are  Foisson's  Traite  de  Mecanique, 
and  Thomson  and  Tait's  Natural  Philosophy. 

Medium,  Restating.  A  diffused  ethereal  matter  supposed  to  occupy  the  inter- 
planetary and  interstellar  spaces,  resisting  the  motions  of  all  bodies  ana  perceptibly 
modifying  the  motions  of  such  bodies  as  comets. 

Megascope.  (/**ya*t  great,  and  oxortiu>,  to  see.)  An  instrument  for  taking  mag- 
nified drawings  or  objects.  It  is  the  same  in  principle  as  the  Solar  Microscope  and 
Magic  Lantern, 

Melody.  A  succession  of  single  sounds.  That  branch  of  the  musical  art  which 
treats  of  the  relation  of  sounds  produced  in  succession. 

Sounds  used  in  Melody.  The  series  of  sounds  used  in  music  are  thus  related : 
Let  us  take  a  sound,  as  that,  for  instance,  which  is  produced  by  512  vibrations  per 
second,  as  a  fixed  sound  for  reference ;  then  let  us  obtain  the  sound  made  by  twice 
this  number,  or  1024  vibrations  per  second.  The  second  sound  is  termed  the  octave 
of  the  first.  By  dividing  the  interval  between  these  sounds  into  six  equal  parts,  we 
obtain  six  tones,  and,  by  dividing  it  into  twelve  equal  parts,  we  have  twelve  mean 
semitones  included  by  thirteen  sounds.  Similarly,  any  other  octave  contains  twelve 
mean  semitones.  If  from  the  thirteen  sounds  including  the  octave,  we  strike  out  the 
2d,  4th,  7th,  9th,  and  11th,  the  sounds  remaining  form  what  is  termed  the  major 
scale.  If  we  strike  out  the  2d,  5th,  7th.  10th,  and  11th,  we  obtain  the  minor  scale. 
In  the  major  scale  the  interval  between  the  first  and  third  notes  is  a  major  third, 
and  in  the  major  scale  this  interval  is  a  minor  third.     (See  Musical  Interval.) 

These  two  scales,  which,  from  their  intervals  consisting  chiefly  of  tones,  are  both 
included  under  the  term  Diatonic  Scale,  form  the  source  or  fountain-head  of  all 
modern  music,  the  major  scale  supplying  us  with  expressions  of  a  joyful  or  triumph- 
ant character,  the  minor  with  strains  of  plaintiveness  and  sorrow.  The  major  and 
minor  scales  are  also  spoken  of  as  modes  of  the  Diatonic  Scale.  It  will  be  observed 
that  in  the  minor  scale  series,  as  above  indicated,  there  is  an  interval  of  three  semi- 
tones between  its  sixth  and  seventh  sounds.  This  interval,  being  an  extreme  one, 
is  avoided  in  melody  by  raising  the  sixth  a  semitone  in  ascending  passages,  and  by 
lowering  the  seventh  in  descending  passages. 

In  contradistinction  to  the  Diatonic  Scale,  the  scale  or  series  of  mean  semitones  is 
called  the  Chromatic  Scale. 

Names  of  the  Sounds.  The  sounds  of  the  major  scale  are  named  by  the  first 
seven  letters  of  the  alphabet,  C,  D,  E,  F,  G,  A,  B.  These  letters  were  first  used  in 
the  jEolian  scale,  which  resembled  our  minor  scale,  and  the  first  sound  of  which  was 
called  A.  A  better  knowledge  of  the  harmonic  relations  of  the  sounds  has  led  to 
the  major  scale  on  C  being  chosen  as  the  normal  scale ;  nevertheless,  the  JEolic 
letters  have  been  retained,  thus  making  C  instead  of  A  the  first  sound  of  the  normal 
scale.  The  other  sounds  are  named  by  means  of  the  same  letters  with  chromatic 
signs  (jf  and  b),  to  show  that  they  are  to  be  considered  as  elevations  or  depressions 
of  the  sounds  adjacent  to  them. 

Name.  Major  Scale  of  0.  Minor  Scale  of  C. 

1' 


12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 


c #  c #  c 

B  #  B #  B 


B{7  or  Ajt,  B  flat  or  A  sharp. 

A  I  0  A 

Ap  or  Gn,  A  flat  or  G  sharp #  Ap 

G  *  0  G 0  G 

G>  or  1$,  G  flat  or  F  sharp 

F  #  F #  F 

E  0  E 

Eb  or  Djt  E  flat  or  D  sharp #  E|? 

D  *  0  D #  D 

J]fr  or  Cjt  D  flat  or  C  sharp 

c. •  C 0  o 
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Sounds  take  the  same  letter  names  as  their  octaves.  The  sound  made  by  512  vi- 
brations per  second  is  middle  0  ;  by  1024,  upper  0  ;  by  2048,  C  in  alt ;  by  4096,  C 
in  altissimo;  by  256,  lower  0 ;  by  128,  contra  or  double  C. 

Amongst  vocalists,  seven  Italian  syllables  are  also  used  to  name  the  sounds  of  the 
musical  scale. 


1 

2 

3      4 

5 

6 

7      8 

Do 

Be 

Mi   Fa 

Sol 

La 

Si   Do 

Pitch.  The  relative  height  of  a  sound  is  termed  its  pitch.  The  pitch  depends 
on  the  number  of  vibrations  per  second  which  produce  the  sound,  the  greater  the 
number  of  vibrations  per  second,  the  higher  being  the  pitch. 

The  Staff.  To  denote  differences  of  pitch,  five  equidistant  parallel  lines  are 
used,  forming  what  is  termed  the  staff.  Symbols,  termed  notes,  are  placed  on  the 
staff  in  different  positions  to  denote  sounds  of  different  pitch.  The  staff,  with  its 
five  lines  and  six  spaces,  will  represent  eleven  sounds.  Sounds  above  or  below  these 
nre  represented  by  adding  small  lines,  termed  leger  lines,  thus — 

_£2 * — 


2Z 


3: 


Clef.  The  staff  of  five  lines  is  sufficient  for  a  melody  written  for  an  individual 
voice,  but  parts  for  different  voices  are  written  on  staves  which  represent  sounds, 
from  different  parts  of  the  scries  of  musical  sounds.  A  sign  termed  a  clef  is  placed 
on  one  of  the  five  lines  to  show  what  sound  is  represented  on  that  line.  There  are 
three  clefs  in  use. 


1.  The  F  Clef, 


s 


2.  The  C  Clef, 


1 


3.  The 


G  Clef,  (jfr z 


The  following  figure  shows  the  relation  of  the  various  staves  to  one  another.  The 
0  clef,  which  is  here  introduced  for  the  two  voices  Tenor  and  Alto,  is  frequently  dis- 
pensed with,  the  sounds  of  these  voices  being  written  upon  the  Treble  Staff,  and 
those  of  the  tenor  appearing  an  octave  higher  than  they  are  to  be  sung. 


Vibrations  Name 
per  of 

8ceoncL     Note. 
G/ 

F' 

E' 
W 

1024 C 

B 

A 
G 

F 
E 

D 
612 C 

B/ 
A/ 

G/ 
F, 

D, 

256 C, 

B„ 

„     A" 
G„ 


Baas  Staff 


Tenor. 


Alto. 


Treble. 


0* 


Range  of  the  Human  Voice.  The  ordinary  range  of  women's  and  boy's  voices 
is  in  the  treble  or  Foprnno  (svpremus,  highest),  from  C  (512  vib.)  to  G'  or  A',  in  the 
alto  or  contralto  from  G,  to  C  or  D'.    The  compass  of  men's  voices  is  usually  in  the 
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tenor,  from  C,  (256  vib.)  to  G  (tenor,  from  teneo,  to  hold),  the  leading  voice  so  called, 
because  in  mediaeval  tunes  this  voice  sustained  the  leading  melody.  The  alto  (cUtus, 
high)  was  so  named  because  it  was  higher  than  the  leading  voice,  and  in  the  bass 
from  G„  to  D.  These  limits,  however,  are  often  very  much  exceeded  by  solo  sing- 
ers. In  1770,  Mozart  heard  Bastardella  at  Parma  close  a  cadenza  with  C"  (C  in 
altissimo,  or  C  of  4096  vibrations  per  second).  In  his  Twelfth  Mass  also  the  same 
composer  carried  the  bass  to  G,  to  display  the  voice  of  a  celebrated  singer  of  his 
day.  Sigiior  Labi  ache,  the  late  basso-profundo,  could  sustain  with  ease  and  power 
C„  (double  C,  or  C  of  128  vib.) 

Signatures.  Scales  may  be  founded  on  any  one  of  the  twelve  sounds  which  ooeir 
in  an  octave.  The  fundamental  sound  or  key-note  gives  its  name  to  the  scale.  This 
key-sound  is  also  called  the  tonic  of  the  scale. 

Qjf  D$     Major  Scaxbs. 

or  or 
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From  the  above  Table  it  will  be  seen  that  the  Scale  of 
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F$  (#,  and  G$ 
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F*  <#  <#  I*  Aft  .nd  B* 
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Bb 

Bb,  and  Eb 

Bb,  Eb,  and  Ab 

Bb,  Eb,  Ab,  and  D> 

Bb,  Eb,  Ab,  Db,  and  Gb 

Bb,  Eb,  Ab,  Db,  Gb,  and  Cb 

Bb,  Eb,  Ab,  Db,  Gb,  Cb,  and  Fb 


In  the  same  way  minor  scales  may  be  founded  on  each  of  the  sounds  of  the  chro- 
matic scale  by  writing  out  all  the  sounds  of  the  octave  from  the  fundamental  note, 
and  rejecting  the  2d,  5th,  7th.  10th,  and  11th. 
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Instead  of  writing  the  chromatic  signs  ($,  V)  on  the  staff  with  the  notes  as  they 
occur,  they  are  usually  written  at  the  commencement  of  the  piece,  and  form  what 
is  termed  the  key  signature.  The  same  signature  is  used  for  a  major  scale,  and  for 
its  relative  minor,  «.  e.,  the  minor  scale  most  nearly  related  to  it  The  following  is 
a  table  of  the  signatures  as  they  appear  on  the  treble  and  bass  staves : — 


C  Major,  O  Major,  D  Major,  A  Major,      £  Major,       B  Major,         Ff  Major, 

or  or  or  or  or  or  or 

A  Minor.  E  Minor.  B  Minor.  FJ  Minor.    C|  Minor.     Of  Minor.       Df  Minor. 


!!=[ 


mmt 


tf  ||/< 


CJ  Major, 

or 
A$  Minor. 


SEE! 


F  Major,  B^  Major,    fy  Major,       A)j  Major, 

or  or  or  or 

D  Minor.  G  Minor     C  Minor.        F  Minor. 


Major, 
or 
BJ>  Minor. 


<fy  Major, 

or 
Dp  Minor. 


C\>  Major, 

or 
£p  Minor. 
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All  sounds  introduced  into  a  melody  which  are  not  in  the  scale  in  which  it  is  com- 
menced are  accompanied  by  their  chromatic  signs,  which  are  then  termed  acci- 
dentals.    The  effect  of  a  sharp  or  flat  is  removed  by  a  natural  fc|. 

Duration.  The  duration  of  musical  sounds  maybe  considered  relatively  or  abso- 
lutely.   Relative  duration  is  indicated  by  the  shapes  of  the  notes,  thus — 


Note. 


Name. 

Ratios  of  No.  )    . 
in  a  given  time.      * 
Ratios  of        c± 
duration,     j 


-    r    r    t     5 

Breve.  Semibrere.  Minim.  Crotchet.  Quaver.  Semiquaver.  Demi-Semiquaver. 

12  4  8  16  32 

32  16  8  4  2  1 


Notes  of  intermediate  duration  are  formed  by  placing  a  dot  after  a  note,  thus 
making  it  half  as  long  again  ;  or  a  double  dot,  the  second  dot  having  half  the  value 
of  the  first ;  or  by  grouping  notes  of  various  lengths  by  the  slur  or  tie  /""N. 

Rests,  or  notes  of  silence,  correspond  in  duration  to  notes  of  sound,  thus — 


221 


^  ^  w 
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Absolute  duration  is  expressed  approximately  by  the  Italian  terms,  adagio,  very 
slow,  andante,  slow,  moderato,  moderate,  allegro,  quick,  presto,  very  quick,  and  a 
number  of  terms  with  intermediate  significations.  Exact  indication  is  afforded  by 
means  of  the  metronome,  an  instrument  invented  by  Maelzel,  a  German  mechanician, 
and  consisting  of  a  pendulum,  the  time  of  oscillation  of  which  may  be  varied  at 
pleasure  by  means  of  a  movable  index  and  a  scale  which  shows  the  number  of  oscil- 
lations per  minute.  The  indication  M  ^  «  60  attached  to  a  composition,  shows 
that  when  the  regulator  of  the  pendulum  in  Maelzel's  metronome  is  at  60,  each 
oscillation  represents  the  duration  of  a  minim. 

Rhythm.  The  recurrence  of  stress  in  a  melody  at  regular  intervals  of  duration 
is  called  rhythm,  the  stress  itself  being  termed  accent.  The  position  of  the  accents 
is  indicated  by  drawing  vertical  lines  across  the  staff  so  that  the  accented  notes 
shall  occur  immediately  after  the  lines.  The  lines  are  termed  6ar«,  and  the  part 
of  the  melody  between  two  bars,  that  is  between  two  equally  accented  notes,  is 
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termed  a  measure.  In  the  same  melody  all  the  measures  are  of  the  same  duration. 
Although  the  measures  themselves  indicate  the  rhythm,  a  mark  is  usually  placed 
after  the  clef  for  this  purpose,  consisting  of  a  fraction  the  denominator  of  which 
shows  into  how  many  parts  the  semibreve  is  divided,  and  the  numerator  how  many 
of  these  parts  are  contained  in  a  measure.  Thus  of  simple  measures  we  have  in 
duple  rhythm  g  (read  two-two)  f  and  §,  and  in  triple  rhythm  f  f  and  f  measure ;  of 
compound  measures  we  have  in  duple  rhythm  }  and  f  (also  termed  common),  and 
in  triple  rhythm  J,  },  }  and  }  measure.  In  the  compound  measures,  in  addition  to 
the  principal  accent  on  the  first  note  of  the  measure,  there  is  a  subordinate  accent  on 
'the  first  note  of  each  subdivision  of  the  measure. 


Simple  Measures. 


rf>  a  J  J^  I  J-iwii 


Compound  Measures. 


II  I  I  II  I  II  II  9  9  99 

/ » j  f  r  r  ii  it  j  ji  j,  +fiW&  m  frfBm 


Grouping  of  Measures.  Every  melody  may  be  divided  into  groups  of  measures 
termed  phrases,  each  having  a  distinctive  character.  By  taking  a  larger  number 
of  measures,  the  melody  is  divided  into  strains  or  periods,  having  more  strongly 
marked  terminations  or  cadences. 

Common  Forms  of  Melody.  The  single  chant  is  a  melody  of  one  strain  not 
strictly  rhythmical,  but  suited  for  the  intoning  /of  the  prose  of  Psalms.  The  doable 
chant  consists  of  two  such  strains.  The  majority  of  Psalm,  Hymn,  and  sacred  and 
secular  song  tunes  are  pieces  of  two  strains.  The  rhythmical  structure  of  Psalm 
and  Hymn  tunes  depends  on  the  metre  of  the  poetry  to  which  they  are  set.  A  long 
measure  hymn  consists  of  four-line  stanzas  with  four  iambic  feet  or  eight  syllables 
in  each  line;  common  measure  consists  of  four  lines  with  four  and  three  iambic 
feet — eight  and  six  syllables — alternately.  Short  measure  has  two  lines  with  three 
iambic  feet,  then  a  line  with  four  feet,  and  then  a  fourth  with  three  feet.  A  sevens 
hymn  has  stanzas  of  four  lines  of  seven  syllables,  alternate  syllables,  beginning  with 
the  first,  being  accented.  For  the  names  of  intervals,  ami  the  relation  between  the 
intervals  of  musical  practice  and  those  derived  from  the  theory  of  sound,  see  Musical 
Interval,  and  for  the  relation  of  sounds  simultaneously  produced  see  Harmony. 

Meniscus  Lens.  (^vwjxo*,  a  little  crescent.)  A  lens  having  one  convex  and  one 
concave  surface,  the  convexity  exceeding  the  concavity.  It  acts  as  a  convex  lens, 
bringing  incident  parallel  rays  of  light  to  a  focus. 

MeniSCILS  Prism.    See  Prismatic  Lens. 

Menkalinan.     (Arabic.)     The  star  0  of  the  constellation  Auriga. 

Menkar.     (Arabic.)     The  star  a  of  the  coustellation  Cetus. 

Menotti's  Battery  is  a  Danicll's  battery  in  which  the  porous  cell  is  replaced  by  a 
layer  of  wet  sawdust  or  sand.  It  is  already  much  used  for  telegraphic  purposes, 
being  admirable  for  its  constancy  and  for  the  ease  and  cheapness  of  construction. 
In  the  Menotti  cell,  a  thin  copper  plate,  to  which  is  soldered  a  gutta-percha-covered 
copper  wire,  is  laid  at  the  bottom  of  a  convenient  jar,  the  wire  projecting  out  of  it. 
Over  this  is  placed  a  layer  of  sulphate  of  copper  an  inch  or  two  thick,  and  then  three 
or  four  inches  of  sawdust  which  has  been  well  soaked  in  water.  A  thick  circular 
plate  of  zinc  placed  on  the  top,  having  a  wire  soldered  to  it,  completes  the  cell,  and 
by  its  weight  keeps  the  sawdust  and  sulphate  of  copper  well  pressed  down.  Fre- 
quently an  inch  of  water  is  kept  over  the  zinc  plate  to  preserve  the  wetness  of  the 
sawdust  and  thus  diminish  the  internal  resistance.  The  current  proceeds  from  the 
zino  through  the  cell  to  the  copper ;  and  the  chemical  action  is  exactly  the  same  as 
in  the  Daniell's  battery,  sulphate  of  zinc  being  formed  and  metallic  copper  deposited. 

Mensa.  (Abbreviated  for  Mons  Mensae,  the  Table  Mountain.)  A  small  southern 
constellation  formed  by  Lacaille. 

Mercury.  In  astronomy  the  planet  nearest  to  the  sun.  Mercury's  mean  distance 
from  the  sun  is  35,392,000  miles,  his  greatest  42,669,000,  his  least  28,115,000.    As 
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the  earth's  mean  distance  from  the  sun  is  91,430,000  miles,  it  follows  that  Mercury's 
distance  from  the  earth  varies  between  about  45,000,000  and  about  135,500,000 
miles.  He  is  most  favorably  seen  when  nearly  at  his  greatest  elongation,  at  a  dis- 
tance of  about  85,000,000  miles  from  us,  when  he  appears  as  a  half  disk.  His  mean 
sidereal  revolution  is  completed  in  87.9693  days,  while  the  mean  interval  separating 
his  successive  returns  to  inferior  conjunction  is  115.877  days ;  so  that  he  passes 
through  all  his  phases  more  than  three  times  in  the  course  of  every  year.  His  orbit 
is  more  eccentric  and  inclined  at  a  greater  angle  to  the  ecliptic  than  that  of  any 
other  planet ;  the  eccentricity  being  no  less  than  0.205618,  the  inclination  7°  0'  8.2. 
His  diameter  is  estimated  at  about  3050  miles ;  bis  volume  0.058,  the  earth's  being 
unity ;  his  density  one-tenth  greater  than  the  earth's  ;  and  his  mass  0.065,  the  earth's 
being  unity. 

Mercury  is  examined  under  very  unfavorable  circumstances  by  the  telescopist,  on 
account  of  its  great  proximity  to  the  sun.  Thus  we  have  little  satisfactory  evidence 
respecting  his  physical  habitudes.  It  is  even  doubtful  whether  the  period  of  rotation 
assigned  to  Mercury  (24h.  5m.  28s  )  can  be  regarded  as  satisfactorily  established ; 
and  certainly  very  little  reliance  can  be  placed  on  the  values  which  have  been 
assigned  to  the  inclination  of  the  planet's  equator-plane. 

Smce  Mercury  travels  nearer  to  the  sun  than  the  earth,  he  is  sometimes  seen  to 
pass  over  the  sun's  disk.  A  phenomenon  of  this  sort,  though  far  less  important  than 
a  transit  of  Venus,  is  yet  not  without  interest  to  the  astronomer.  In  particular,  it 
affords  him  the  means  of  justly  estimating  the  nature  of  those  peculiarities  which 
characterize  all  transits.  During  the  last  transit  of  Mercury,  for  example,  astrono- 
mers paid  great  attention  to  the  appearance  presented  by  Mercury  when  just  about 
to  leave  the  sun's  disk  (internal  contact).  The  formation  of  the  small  black  liga- 
ment which  seems  for  a  few  seconds  to  connect  the  disk  of  Mercury  with  the  outline 
of  the  solar  disk,  was  found  to  be  a  phenomenon  depending  on  the  power  of  the 
telescope  made  use  of,  a  conclusion  of  the  utmost  importance  in  connection  with  the 
approaching  transits  of  Venus.  (See  Monthly  Notices  of  the  Royal  Astronomical 
Society,  vow.  29,  30.)  Transits  of  Mercury  take  place  at  intervals  of  13,  7,  10,  3, 
10,  3,  etc.,  years.    (See  Planet.) 

Mercury.  A  beautiful  white  metal,  liquid  at  the  ordinary  temperature.  Atomic 
weight,  200.  Symbol,  Hg,  from  its  Latin  name  Hydrargyrum ;  v&op,  aproxw, 
liquid  silver,  or  quicksilver.  It  was  known  to  the  ancients,  and  is  frequently  found 
native ;  it  is  usually  obtained  from  the  sulphide,  which,  when  heated  with  lime  in  an 
iron  or  clay  distillatory  apparatus,  is  decomposed,  with  liberation  of  the  mercury 
which  volatilizes  and  sulpnur  which  is  retained  by  the  lime.  Mercury  does  not 
oxidize  at  common  temperatures,  but  near  its  boiling  point  it  unites  with  oxygen. 
It  boils  at  360°  C.  (680°  F.),  forming  a  colorless  vapor  of  specific  gravity,  6.7. 
At  — 39.44°  O.  ( — 39°  F.)  it  solidifies  with  contraction  to  a  tin-white,  ductile,  and 
malleable  metal.  At  the  ordinary  temperature  its  .specific  gravity  is  13.596. 
Vapor  rises  from  it  even  at  the  freezing  point  of  water  in  sufficient  Quantity  to 
whiten  gold  leaf.  It  dissolves  in  hot  nitric  and  sulphuric  acids.  The  following  are 
the  most  important  compounds  of  mercury: — 

Oxides  of  Mercury.  Mercury  forms  two  oxides,  the  black  oxide  and  the  red 
oxide. 

Black  Oxide  of  Mercury,  called  also  suboxide  or  Mercurous  Oxide  (Hg2OJ,  is 
an  almost  black  powder,  easily  decomposed  by  light,  heat,  or  reducing  agents,  into 
oxygen  and  mercury.  It  forms  a  well-defined  series  of  salts,  which  are  described 
under  the  headings  of  the  acids. 

Red  Oxide  of  Mercury,  or  mercuric  oxide  (HgO),  known  also  as  binoxide  of 
mercury  and  Red  Precipitate,  is  usually  prepared  by  igniting  the  nitrate  of  mercury ; 
it  is  a  crystalline,  brick-red,  scaly  powder,  which  is  decomposed  by  heat  into  oxygen 
and  mercury,  and  also  by  light  superficially.  It  is  very  slightly  soluble  in  water, 
but  sufficiently  so  to  give  it  a  metallic  taste  and  alkaline  reaction.  Reducing  agents 
convert  it  either  into  the  black  oxide  or  into  metallic  mercury.  It  dissolves  in  acids 
forming  salts,  the  most  important  of  which  are  described  under  the  headings  of  the 
respective  acids. 

Sulphide  of  Mercury,    Mercuric  Sulphide  (HjrS),  known  also  as  Cinnabar  and 

Vermilion.    When  prepared  by  precipitation  this  is  a  black  amorphous  powder, 

but  it  can  be  changed  by  judicious  treatment  into  the  red  modification.     Native 

cinnabar  is  the  principal  source  of  mercury ;  it  is  of  a  scarlet  color,  somewhat  trans- 
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Earent,  and  crystallizes  in  rhombohedrons.    When  heated  cinnabar  gets  brown,  and 
lack,  and  volatilizes,  recovering  its  beautiful  color  on  condensation  and  cooling. 
Its  specific  gravity  is  8.1. 

Chlorides  of  mercury.  Mercury  forms  two  chlorides,  both  of  which  are  of 
importance. 

SubcTdoride  of  Mercury,  or  Calomel  (HgCl),  also  called  mercurous  chloride,  pro- 
tochloride  of  mercury,  is  a  dingy  white  heavy  powder,  tasteless,  inodorous,  and 
insoluble  in  water ;  it  is  volatile  below  redness,  crystallizes  in  prisma,  and  its  specific 
gravity  is  7.14. 

Perchioride  of  Mercury,  or  Corrosive  Sublimate  (HgCl,),  known  also  as  mercuric 
chloride.  This  is  a  white  semi-transparent  crystalline  compound,  of  specific  gravity 
5.42.  When  heated  to  265°  C.  (509°  F.)  it  melts,  and  at  295°  0.  (563°  F.)  boils. 
It  is  soluble  in  water,  alcohol,  and  •ether.  When  a  solution  of  mercuric  chloride  is 
mixed  with  ammonia,  a  bulky  white  insoluble  precipitate  is  formed,  known  in 
pharmacy  under  the  name  of  white  precipitate.  Its  chemical  composition  is 
HgH,NCl,  and  it  is  called  amido  chloride  of  mercury,  or  chloride  of  dimercuranv 
monium. 

Iodide  of  Mercury.  Mercuric  Iodide  (Hgl^).  This  is  a  brilliant  scarlet 
powder  which  turns  yellow  when  gently  heated,  but  gradually  recovers  its  scarlet 
color,  and  instantly  when  rubbed.  It  is  almost  insoluble  in  water,  but  readily  so  in 
solutions  of  iodide  of  potassium ;  its  specific  gravity  is  6.3. 

Mercury,  Fulminating.    See  Fulminic  Acid. 

Meridian.  (Meridies,  mid-day.)  In  astronomy,  a  great  circle  of  the  celestial 
sphere  passing  through  the  poles  of  the  heavens  and  the  north  and  south  points  of 
the  horizon. 

Meridian  Altitude.  The  meridian  altitude  of  a  celestial  object  is  its  altitude 
when  upon  the  meridian. 

Meridian,  Brass.  The  brass  ring  within  which  a  globe  is  suspended,  and  within 
which  it  revolves. 

Meridian  Mark.  A  mark  placed  at  a  convenient  spot  several  miles  from  an 
observatory,  and  due  south  of  the  place  of  the  transit  instrument,  to  serve  as  a  means 
of  marking  the  direction  of  the  true  south  point  of  the  horizon. 

Mesartim.  Arabic.  The  star  v  of  the  constellation  Aries.  It  is  a  well-known 
double,  and  said  to  have  been  the  first  recognized  star  of  that  kind. 

Metacentre.  The  metacentre  of  a  floating  body  is  the  point,  the  position  of  which, 
in  regard  to  the  centre  of  gravity  of  the  bodv,  determines  whether  the  body  is  in 
stable  or  instable  equilibrium.  A  floating  body  is  kept  at  rest  by  two  forces  (see 
Displacement),  one  of  which  is  its  weight,  and  the  other  is  a  force  equal  to  the 
weight  of  the  water  displaced.  The  first  of  these  acts  vertically  downwards,  and 
may  be  supposed  to  act  at  the  centre  of  gravity  of  the  body.  The  second  acts 
vertically  upwards,  and  may  be  supposed  to  act  at  the  centre  of  gravity  of  the  space 
(filled  with  nomogeneous  matter)  displaced  by  the  floating  body.  If  these  two  points 
are  in  the  same  vertical  line,  it  is  clear  that  there  must  be  equilibrium,  and  there 
can  only  be  equilibrium  when  such  is  the  case.  Let  the  vertical  line  joining  these 
two  points,  when  the  body  is  at  rest,  be  called  the  axis  of  the  body.  Suppose  the 
body  to  be  displaced,  the  position  of  the  centre  of  gravity  of  the  body,  with  regard 
to  the  body,  remains  unchanged,  but  the  centre  of  gravity  of  the  displaced  water  is 
changed  in  position  with  regard  to  the  body.  A  vertical  line  drawn  through  the 
centre  of  displacement  will  cut  the  axis.  The  point  of  intersection  is  called  the 
metacentre.  When  the  metacentre  is  higher  than  the  centre  of  gravity  of  the  bodv, 
the  equilibrium  of  the  body  is  stable,  that  is,  the  body  will  recover  from  a  slight 
displacement.  If  the  centre  of  gravity  is  higher  that  the  metacentre,  the  body  will 
roll  over. 

Metallic  Bays,  Wa?6  Length  of.  Thalen  has  published  (Nova  Acta  Reg.  Soc 
Scient.  Upsaliensis,  Series  Tertia,  vol.  vi..  fasc.  2)  an  extended  memoir  on  the  wave 
lengths  of  the  spectral  lines  of  the  elements.  The  author's  work  does  not  present 
any  new  measurements,  but  is  based  upon  those  made  by  Angstrom,  which  had 
already  been  employed  for  the  purpose  of  interpolation  by  Dr.  W.  Gibbs.  The 
method  of  proceeding  was,  however,  new.  Each  luminous  ray,  the  wave  length  of 
which  was  to  be  measured,  was  in  the  first  place  entered  either  upon  Kirchhoff  *s 
chart,  which  extends  from  A  to  G,  or  upon  a  new  chart  by  Angstrom  and  Thalen, 
extending  from  G  to  H.    These  rays  were  then  transferred  to  the  normal  plates  of 
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the  spectrum  famished  by  Angstrom,  and  finally  were  entered  upon  the  charts 
published  with  Thalen's  memoir,  each  being  placed  according  to  its  wave  length. 
In  some  cases  the  graphical  method  was  employed.  The  description  of  the  process 
employed  in  determining  the  wave  length  is  by  no  means  clear.  The  spectroscope 
used  was  provided  with  large  telescopes,  aud  with  a  prism  of  bisulphide  of  carbon, 
with  a  refracting  angle  of  60'.  The  number  of  elements  examined  amounted  to  45 ; 
of  these,  23  were  in  the  metallic  state,  the  others  being  in  the  form  of  chloride.  One 
important  result  obtained  by  the  author  is  the  proof  that  the  sun's  atmosphere 
contains  titanium.  The  following  elements  had  not  before  been  examined  witn  the 
spectroscope,  glucinum,  zirconium,  erbium,  yttrium,  thorium,  uranium,  titanium, 
tungsten,  molybdenum,  and  vanadium.  Appended  to  Thalen's  memoir  is  a  chart, 
in  which  the  spectra  of  the  different  elements  are  entered  upon  the  plan  first  employed 
by  Mr.  Huggins,  so  that  all  the  spectra  are  upon  one  sheet,  with  the  normal  spectrum 
at  the  top.  It  must  be  borne  in  mind,  however,  that  the  lines  upon  Thalen's  map 
are  entered  according  to  their  wave  lengths,  and  not  upon  an  arbitrary  scale..  The 
memoir  contains  also  a  complete  table  of  the  wave  lengths  of  all  the  lines  of  the 
elements  examined. 

Metallio  Reflection.  Common  light  reflected  from  metallic  surfaces  becomes 
polarized  elliptically,  provided  a  sufficient  number  of  reflections  take  place.  If  plane 
polarized  light  is  used  it  becomes  elliptic  by  a  single  reflection  from  a  metallic  surface 
at  an  angle  differing  with  each  metal.  Sir  David  Brewster  gives  the  following  list 
(Optics,  p.  230):— 


Bam*  of  Metal. 

Grain  Tin  . 
Mercury 
Galena 
Iron  Pyrites 
Gray  Cobalt 
Speculum  Metal . 
Antimony  (melted) 


ogle  of  Maximum 

Polarisation. 

.    78°  30' 

.    78 

27 

.    78 

10 

.    77 

30 

.    76 

56 

.    76 

0 

.    75 

25 

IfameofMetaL 

Steel  . 

Bismuth 

Pure  Silver 

Zinc    . 

Tin  Plate  (hammered) 

Jewellers'  Gold  . 


Anile  of  Maximum 
Polarisation. 

.     750 

0' 

.    74 

50 

.    73 

0 

.    72 

30 

1)    70 

50 

.    70 
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Metallic  Thermometer.  The  best  known  of  these  instruments  was  invented  by 
Abraham  Breguet,  and  is  based  on  the  unequal  expansion  of  different  metals  for  the 
same  increment  of  heat.  Three  thin  strips  respectively  of  silver,  gold,  and  platinum 
are  soldered  together,  and  coiled  into  a  spiral,  so  that  the  silver  forms  the  interior 
surface,  and  the  platinum  the  exterior.  One  end  of  the  spiral  is  fixed,  and  a  needle, 
which  moves  round  a  graduated  arc,  is  attached  to  the  other  end.  Now,  silver,  being 
the  most  expansible  metal  of  the  three,  causes  the  spiral,  when  it  is  heated,  to  unwind 
itself,  and  this  motion  is  registered  by  the  index ;  similarly,  when  the  temperature 
sinks,  the  spiral  contracts  and  the  index  moves  in  the  contrary  direction.  The  strip 
of  gold  is  placed  between  the  platinum  and  silver,  so  as  to  lessen  their  mutual  effect, 
as,  if  two  metals  of  such  different  expansibilities  as  silver  and  platinum  were  placed 
in  contact,  it  is  probable  that  the  strain  would  produce  rupture.  This  instrument, 
which  is  usually  called  Breguet7 a  Helix,  is  graduated  by  means  of  an  ordinary^nercu- 
rial  thermometer.  Metallic  thermometers  are  sometimes  formed  of  a  compound  band 
of  steel  and  brass,  which  gives  motion  to  an  index  by  means  of  levers.  In  the 
meteorograph  of  Father  Secchi  the  temperature  is  indicated  by  the  expansion  of  a 
brass  wire  seventeen  metres  in  length,  the  motion  being  conveyed  and  multiplied  by 
a  system  of  levers.    (See  also  Expansion.) 

Metalloids.    See  Metals  and  Non-Metals. 

Metals  and  Non-Metals.  The  elements  are  broadly  divided  into  two  classes, 
metals  and  non-metals,  which  merge,  by  almost  insensible  gradations,  one  into  the 
other;  so  that  it  is  impossible  to  give  anv  definition  of  a  metal  which  will  not,  in 
some  way,  either  include  substances  decidedly  non-metallic  or  exclude  some  metallic 
bodies.  A  metal  is  usually  supposed  to  be  heavv,  solid,  opaque,  malleable,  ductile, 
tenacious;  to  possess' good  conducting  power  for  heat  and  electricity ;  and  to  have  a 
peculiar  lustre,  known  as  the  metallic  lustre.  But  very  few  metals  possess  all  these 
properties,  whilst  some  bodies,  which  are  decidedily  non-metallic,  possess  many  of 
them.  Thus,  as  far  as  density  is  concerned,  the  alkali  metals  are  lighter  than  water. 
Mercury  is  only  solid  at  a  very  low  temperature.  Opacity  is  probably  dependent 
only  on  mass,  as  Faraday  has  prepared  films  of  gold,  platinum,  and  other  metals  so 
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thin  as  to  be  almost  as  transparent  as  glass.  Malleability  is  by  no  means  a  general 
property,  and  is  especially  absent  in  those  metals  which  are  approaching  the  non- 
metallic  group  in  chemical  properties,  such  as  antimony,  arsenic,  and  bismuth.  Many 
metals,  such  as  lead  and  tin,  have  the  properties  of  ductility  and  tenacity  in  a  very 
inferior  degree,  whilst  in  antimony,  arsenic,  and  bismuth  they  are  entirely  absent 
The  conducting  power  for  heat  and  electricity  varies  through  a  very  wide  range, 
and  is  possessed  by  some  forms  of  carbon  in  a  much  higher  degree  than  it  is  by 
certain  metals.  All  metals  possess  the  metallic  lustre,  but  this  is  also  shared  by 
some  forms  of  carbon,  by  iodine,  frozen  bromine,  selenium,  and  tellurium,  which  latter 
is,  however,  one  of  the  connecting  links  between  metals  and  non-metals.  The  bask 
properties  of  many  metallic  oxides  is  strongly  marked,  but  in  others,  such  as  gold, 
tungsten,  molybdenum,  it  is  very  faint,  whilst  in  arsenic  and  tellurium  it  is  absent, 
and  their  oxides  possess  powerfully  acid  characters.  The  fusibility  of  metals  is 
almost  universal,  although  the  limits  are  the  widest  conceivable,  ranging  between  a 
temperature  much  below  zero  to  the  highest  artificial  temperature  produceable.  In 
the  case  of  osmium,  which  has  never  yet  been  liquefied,  it  is  probable  that  a  higher 
temperature  would  have  the  desired  effect.  Arsenic,  however,  volatilizes  before 
liquefying,  passing  direct  from  the  solid  to  the  gaseous  state.  From  the  above  it  is 
seen  that,  whilst  there  can  be  no  doubt  whatever  about  the  position  occupied  by 
well-defined  metals,  such  as  iron,  copper,  silver,  thallium,  lead,  etc.,  and  tne  non- 
metallic  character  of  sulphur,  nitrogen,  and  chlorine,  when  we  take  some  of  the  inter- 
mediate  bodies  we  find  their  properties  verge  one  into  the  other  in  such  a  manner 
that  it  is  impossible  to  draw  a  sharp  line  of  distinction  between  metallic  and  non- 
metallic  bodies.  The  following  table  gives  the  metallic  elements  at  present  known. 
For  their  principal  chemical  and  physical  properties,  see  Elements. 

Aluminium.  Copper.  Molybdenum.  Tantalum. 
Antimony.  Didvmium.  Nickel.  Tellurium  (eon- 
Arsenic  (consid-  Erbium.  Ormium  (cons  id-  sidered  by  some 
ered  by  some  Glucinum.                     ered  by  some  to   be   a  non- 
to   be   a  non-  Gold.                             to  be  a  non-  metal), 
metal).  Indium.                          metal).  Thallium. 
Barium.  Iridium.  Palladium.  Thorium. 
Bismuth.  Iron.  Platinum.  Tin. 
Cadmium.  Lanthanum.  Potassium.  Titanium. 
Caesium.  Lead.  Rhodium.  Tungsten. 
Calcium.  Lithium.  Rubidium.  Uranium. 
Cerium.  Magnesium.  Ruthenium.  Vanadium. 
Chromium.  Manganese.  Silver.  Yttrium. 
Cobalt.  Mercury.  Sodium.  Zinc 
Columbium.  Strontium.  Zirconium. 

Metals  seldom  occur  native,  being  generally  met  with  in  combination  with  oxygen, 
or  sulphnr,  etc.  Metals  unite  with  one  another,  forming  what  are  called  alloys 
(which  see).     (See  also  Elements,  Table  of) 

Meti " 
fleeted 
repeated 
the  same  metal  the  colors  are  as  follows : — 

Copper Scarlet. 

Gold Red. 

Silver Pure  Yellow. 

Zinc Indigo-Blue. 

Iron Violet 

When  a  film  of  metal  is  sufficiently  thin  to  transmit  light  the  color  transmitted  is 

generally  complementary  to  that  which  is  reflected.  This,  however,  does  not  alwavs 
old  good,  for  light  passing  through  gold-leaf  is  green.  When,  however,  the  gold 
is  in  a  finer"state  of  division,  such  as  may  be  obtained  by  precipitation,  the  color  is 
purple,  which  is  complementary  to  the  usual  yellow  color  of  gold.  (See  Colon  of 
Bodies.) 

Metals,  Optical  Properties  of.  From  an  elaborate  investigation  published  by 
G.  Quincke  (Pogg.  Ann.%  voL  cxix.,  part  3),  we  condense  the  following  results 
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Plates  of  gold,  silver,  and  platinum  arc  employed,  so  thin  as  to  be  transparent,  and 
these  are  examined  in  the  same  way  as  other  transparent  bodies.  When  light  falls 
wpon  a  thick  plate  of  metal  it  penetrates  to  a  depth  which  is  about  as  great  as  the 
length  of  an  undulation,  the  so-called  metallic  lustre  being  produced  by  the  conjoint 
action  of  the  exteriorly  and  interiorly  reflected  or  dispersed  light.  The  velocity  of 
light  through  metals  is  one  of  the  subjects  studied  by  the  author,  and  he  has  ob- 
tained, in  the  course  of  this  investigation,  the  remarkable  result  that  light  travels 
(aster  through  gold  and  silver  than  through  a  vacuum.  But  Faraday  has  shown 
that  silver  and  gold  films  occur  in  different  modifications,  and  M.  Quincke  finds  that 
gold  and  silver  metallic  plates,  through  which  light  passes  with  a  greater  velocity 
than  through  air,  may  become  spontaneously  altered  by  simple  standing,  so  as  to 
transmit  light  with  less  velocity  than  it  is  transmitted  by  air.  In  the  case  of  plati- 
num it  was  always  found  that  the  light  passed  through  with  less  velocity  than  through 
air.  The  ordinary  polished  silver  and  gold  possess  the  same  character  as  that  modi- 
fication of  these  metals  which  transmits  light  with  the  greater  velocity.  Their  re- 
fracting indices  are  therefore  less  than  unity. 

Metals,  Spectra  Of.    See  Colored  Flames. 

HeCastannio  Acid.     (See  Tin,  Binoxide.) 

Meteor.  (/«fa,  in  the  midst  of;  &pa,  suspension  in  the  air;  u*ftuof,  that  which 
Is  in  mid-air.)  A  name  originally  given  to  any  phenomenon  taking  place  in  the 
atmosphere,  whether  really  aerial,  optical,  or  otherwise.  Its  use  is  now  beginning 
to  be  almost  entirely  limited  to  luminous  meteors.    (See  Meteors,  Luminous.) 

Meteoric  Iron.  Iron  is  a  frequent  constituent  of  meteorites,  sometimes  consti- 
tuting upwards  of  90  per  cent,  of  them.  The  other  constituents  which  have  been 
detected  in  masses  of  meteoric  iron,  are  nickel,  cobalt,  copper,  manganese,  chromium, 
tin,  magnesium,  arsenic,  lithium,  sulphur,  carbon,  and  chlorine,  the  nickel  being 
usually  present  in  the  largest  quantity  next  to  the  iron. 

Meteoric  Spectra.  Mr.  Alexander  Herschel  has  succeeded  in  observing  the 
spectra  of  meteors ;  he  finds  them  to  vary  much  in  appearance,  some  giving  continu- 
ous spectra,  others  bright  lines.  Sodium  is  a  frequent  constituent,  sometimes,  indeed, 
almost  the  only  one  visible. 

Meteorology.  (/«* fwpoxoyta.)  The  science  which  treats  of  atmospheric  phe- 
nomena. The  term  originally  included  the  study  of  all  appearances  in  the  heavens, 
whether  atmospherical  or  astronomical ;  but  it  is  now  applied  only  to  the  science 
which  treats  of  the  phenomena  of  weather  and  climate. 

Meteorology  must  doubtless  have  been  studied  in  very  early  ages.  In  ancient 
times  men  spent  so  large  a  portion  of  their  time  in  the  open  air,  and  in  pastoral  or 
agricultural  pursuits,  that  they  must  early  have  begun  to  pay  attention  to  those 
signs  which  indicate  change  of  weather.  We  find  accordingly,  side  by  side  with 
astronomical  speculations,  collections  of  weather  portents,  forming  part  of  the  very 
earliest  works  which  have  been  handed  down  to  our  time.  Such  lore  as  this  appears 
in  the  Works  and  Days  of  Hesiod,  and  in  the  Diosemeia  of  Aratus.  Later,  Aris- 
totle collected  the  popular  weather  portents  in  his  work  on  meteors.  Theophrastus, 
Vireil,  Cicero,  Lucretius,  and  others  have  presented  more  or  less  fully  the  weather 
wisdom  of  the  ancients. 

The  more  exact  and  systematic  inquiries  of  modern  times  may  be  said  to  have 
began  with  the  invention  of  the  barometer  by  Torricelli  in  1643,  though  the  air- 
thermometer  had  been  invented  half  a  century  before  that  date  by  Sanctorio  of 
Padua.  Fahrenheit's  improvement  in  the  thermometer  in  1714,  and  the  invention 
of  the  hygrometer  (first  used,  though  in  a  very  imperfect  form  by  Saussure)  led  to 
the  further  advance  of  the  science,  by  placing  at  the  disposal  of  men  of  science  the 
means  of  measuring  the  heat  and  moisture  of  the  earth's  variable  envelope. 

The  history  of  meteorological  research  records  the  interpretation  of  the  trade- 
winds  by  Hadley  in  1735,  Dalton's  investigation  of  the  aqueous  phenomena  of  the 
air  half  a  century  later,  the  work  of  Danieli  in  the  beginning  of  the  present  century, 
and  so  the  labors  of  Humboldt,  Dove,  Kaemtz,  Tyndall,  and  a  host  of  eminent  men 
in  the  present  day. 

The  various  branches  of  meteorological  inquiry  will  be  found  dealt  with  under  the 
heads  Atmosphere,  Climate,  Clouds,  Wind,  Rain,  etc 

Meteors,  Luminous.    We  propose  to  include  under  this  head  tH 
of  all  those  objects,  as  shooting-stars,  fireballs,  asteroids,  eta,  whia1 
to  be  visitants  from  the  interplanetary  spaces. 
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From  the  earliest  ages  men  have  recognized  the  fact  that  in  the  upper  regions  of 
air  luminous  objects  resembling  stars  make  their  appearance,  sweep  athwart  the 
heavens,  and  then  vanish  from  view ;  that  other  objects,  apparently  larger,  make 
their  appearance  in  the  same  way,  but  seem  during  their  progress  through  the  air  to 
undergo  a  process  of  disturbance  (sometimes  following  contorted  paths,  and  exhibit- 
ing a  train  of  light  and  smoke,  at  others  dividing  into  two  or  more  separate  masses, 
at  others  bursting  with  loud  explosion  into  fragments) ;  and,  that  otter  bodies  (see 
Asteroids)  actually  reach  the  surface  of  the  earth,  their  substance  exhibiting  traces 
of  the  action  of  violent  heat  to  which  these  bodies  have  been  subjected  during  their 
progress  through  the  air.  It  has  further  been  long  known  that  these  objects  pass 
through  our  atmosphere  during  the  daytime  also,  though  not  then  commonly  visible 
by  their  light,  but  as  suddenly  appearing  smoke  clouds.  Finally,  it  has  been  long 
known  that  at  times  shooting-stars  appear  in  great  showers. 

Without  pretending  to  give  a  history  of  the  progress  of  earlier  research  into 
the  nature  of  these  strange  appearances,  we  shall  now  detail  the  observations  which 
have  been  made  in  recent  times,  and  show  how  they  lead  us  to  the  true  theory  of 
these  objects. 

The  first  observation  which  bears  importantly  on  the  views  we  are  to  form  respect- 
ing  meteors,  is  the  discovery  of  the  fact  that  on  certain  days  of  the  year,  shooting- 
stars  fall  either  in  showers  or  in  greater  number  than  usual ;  a  similar  tendency  is 
observed  in  the  case  of  fire-balls,  though  no  absolute  shower  of  these  objects  has 
ever  been  observed.  Aerolites,  too,  have  been  found  to  fall  more  frequently  on 
some  days  of  the  year  than  on  others. 

Now  the  occurrence  of  a  phenomenon  of  this  sort  on  particular  days  of  the  year 
is  full  of  significance.  We  cannot  for  a  moment  suppose  that  certain  days  in  the 
year  are  more  favorable  than  others  for  the  occurrence  of  purely  atmospheric  phe- 
nomena ;  so  that  we  are  compelled  to  abandon  the  theory  that  shooting-stars  indi- 
cate (as  some  of  the  ancients  supposed)  the  action  of  electric  or  other  processes  in 
the  air.  Again,  we  are  forced  to  reject  the  theory  that  the  moon  is  the  source 
whence  these  objects  reach  our  atmosphere  :  for,  were  this  the  case,  the  month  and 
not  the  year  would  measure  their  periodic  recurrence.  So  that  we  need  not  con- 
sider the  elaborate  researches  by  wnich  such  astronomers  as  Laplace  and  Olbers 
have  exhibited  the  possibility  that  lunar  volcanoes  might  project  masses  within 
the  sphere  of  our  earth's  attraction.  In  like  manner  we  can  at  once  dismiss  the 
theory  that  these  bodies  have  been  projected  from  terrestrial  volcanoes,  since  we 
know  quite  certainly  that  volcanic  action  is  not  restricted  to  particular  days  of  the 
year,  or  in  fact  in  any  way  associated  with  the  earth's  position  in  her  orbit. 

We  see  at  once  that  what  we  require  is  a  theory  which  shall  account  for  the  fact 
that  when  the  earth  comes  to  certain  points  of  her  orbit,  the  phenomena  of  shoot- 
ing-stars, etc.,  are  to  be  looked  for.  Those  points  of  her  orbit  are  definite  regions 
of  the  solar  system ;  and  we  thus  learn  that  certain  regions  of  the  solar  system  are 
to  be  regarded  as  in  a  sense  tenanted  by  the  objects,  whatever  they  may  be,  which 

Eroducc  meteoric  displays.  But  we  know  quite  certainly  that  no  objects  retain  a 
xed  position  in  the  solar  system — except  the  sun  himself.  An  object  placed  at 
rest,  where  the  earth  is  when  meteoric  displays  are  seen,  would  fall  directly  towards 
the  sun.  These  objects  then  are  in  motion ;  and  as  their  motion  must  be  rapid,  and 
would  therefore  carry  them  away  from  the  place  where  the  earth  encounters  them, 
it  follows  (if  we  are  to  account  for  successive  displays  of  star  showers)  that  there 
must  be  a  succession  of  these  objects  all  passing  athwart  the  earth's  orbit. 

In  other  words,  it  has  thus  far  been  proved  that  the  phenomena  of  shooting- 
stars,  fire-balls,  aerolites,  etc.,  are  due  to  the  existence  of  bodies  travelling  in  exten- 
sive orbits  around  the  sun,  and  that  the  recurrence  of  periodic  displays  are  due  to 
the  existence  of  streams  or  systems  of  bodies  so  travelling. 

But  now  a  new  fact  was  to  point  to  a  mode  of  learning  what  might  be  the  orbits 
of  these  objects.  It  was  found  that  when  shooting-stars  belonging  to  a  periodic 
system  make  their  appearance,  their  course  is  always  directed  from  a  fixed  point  on 
the  celestial  sphere.  It  is  obvious  that  this  fact  in  itself  suffices  to  prove  that  the 
meteors  come  from  interplanetary  space,  for  on  no  other  hypothesis  can  we  account 
for  the  fact  that  the  meteoric  paths  have  a  vanishing  point  not  referable  to  the 
earth  but  to  the  stars.  In  a  heavy  shower  of  rain,  falling  continuously  in  any  di- 
rection, we  should  find  that  the  course  of  every  drop  tended  from  a  vanishing  point 
Laving  a  certain  altitude  and  bearing ;  and  so  long  as  the  direction  of  the  wind 
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remained  unaltered,  this  vanishing  point  would  remain  unchanged  in  position.  But 
the  vanishing  point  of  a  meteoric  display  rises  and  sets  with  the  stars.  We  learn 
further  from  this  fact,  that  the  course  of  the  meteors  has  not  been  much  influenced 
by  the  earth's  attraction.  For,  clearly,  if  a  flight  of  meteors  were  sailing  slowly 
past  the  earth,  and  she,  by  her  attraction,  brought  a  number  of  them  to  her  surface, 
the  paths  of  these  would  show  no  traces  of  the  original  direction  of  the  cluster's 
motion.  It  is  obvious,  therefore,  that  the  shooting-stars  must  be  travelling  with 
planetary  velocity,  so  that  any  velocity  the  earth  can  impart  by  her  attraction  is 
relatively  insignificant. 

But  then,  the  direction  in  which  the  meteors  reach  the  earth  being  known,  we 
have  the  means  of  determining  the  actual  direction  with  which  they  were  travelling 
through  space,  if  only  we  can  determine  the  velocity  with  which  they  traverse  our 
atmosphere.  It  is  obvious  that  if  we  do  not  know  what  proportion  their  actual 
Telocity  bears  to  the  velocity  with  which  the  earth  is  moving  in  her  orbit,  we  can- 
not eliminate  the  effects  of  this  last-mentioned  velocity  so  as  to  determine  the  out- 
standing velocity  belonging  to  the  motion  of  the  meteors  round  the  sun. 

Here  observation  at  first  failed ;  direct  solution  of  the  problem,  indeed,  was  not 
to  be  hoped  for.  Shooting-stars  and  fire-balls  appear  so  suddenly,  and  move  so 
swiftly,  that  the  most  experienced  observer  cannot  hope  to  time  them  exactly ; 
and  nothing  but  the  most  exact  timing  by  two  experienced  observers  separated 
by  a  considerable  distance  (many  miles  at  the  least),  combined  with  a  true  record 
of  the  path  of  the  shooting-star,  from  its  appearance  to  its  disappearance,  could  give 
the  means  of  determining  the  real  velocity  with  which  these  objects  move. 

So  far  as  the  height  of  appearance  and  disappearance  was  concerned,  there  was 
less  difficulty ;  and  it  would  seem  to  have  been  satisfactorily  established  by  the 
researches  of  the  Padre  Secchi  at  Rome,  Professor  Newton  in  America,  and  Pro- 
fessor Alexander  Herschel  in  England,  that  shooting-stars  appear  at  an  average 
height  of  about  72  miles,  and  disappear  at  an  average  height  of  about  53  miles. 
Fire-balls  also  have  been  observed  even  more  satisfactorily,  so  that  in  a  few  cases 
we  have  some  means  of  forming  an  opinion  of  the  velocity  with  which  they  move. 
Thus  a  remarkable  meteor  appeared  on  April  29,  which  was  observed  by  two  prac- 
tised observers,  Messrs.  Baxendell  and  Wood,  at  Liverpool  and  Weston-super-Mare 
respectively ;  and  from  a  careful  comparison  of  their  observations,  Professor  Herschel 
was  able  to  show  that  this  object  appeared  at  a  height  of  52  miles  vertically  over 
Lichfield,  travelled  in  a  southerly  direction  at  the  rate  of  about  20  miles  per  second, 
and  disappeared  when  over  Oxford  at  a  height  of  37  miles,  having  traversed  a 
course  of  about  75  miles.  But  even  in  this  instance  doubt  rests  on  the  estimated 
Telocity,  and  in  the  great  majority  of  cases  no  reliance  whatever  can  be  placed  on 
the  calculations  by  which  astronomers  have  sought  to  determine  the  velocity  of  me- 
teoric motion  by  direct  observation. 

But  it  was  of  such  extreme  importance  that  in  some  way  or  other  the  nature  of 
the  orbital  motions  of  these  meteors  should  be  determined,  that  astronomers  set 
themselves  to  inquire  whether  other  ways  of  resolving  the  problem  might  not  be 
found. 

We  have  spoken  of  periodic  displays  of  shooting-stars.  There  arc  two  of  these 
shooting-star  periods  which  are  so  well  marked  that  astronomers  have  given  special 
attention  to  their  peculiarities.  One  is  that  which  produces  the  well-known  star 
showers  of  August  9-10,  called  of  old  the  Tears  of  St.  Laurence,  the  other  is  that 
to  which  we  owe  the  remarkable  displays  of  shooting-stars  occurring  on  or  about 
November  13-14. 

The  November  star-showers  exhibit  a  well-marked  periodicity  of  splendor.  Three 
times  in  a  century  we  have  for  a  year,  or  two,  three,  or  sometimes  even  four  years 
in  succession,  showers  of  unusual  magnificence.  The  cycle,  then,  within  which  these 
maxima  recur  is  about  33  years  in  length.  Now  it  was  clear  that  this  cycle  must 
in  some  way  be  associated  with  the  period  of  revolution  of  these  November  meteors. 
But  at  first  astronomers  could  not  believe  that  so  long  a  cycle  as  33  years  can  be 
the  actual  period  of  the  November  system ;  for  with  such  a  period  it  was  easily 
calculable  that  the  aphelion  of  their  orbit  must  be  beyond  the  orbit  of  the  planet 
Uranus.  There  were  other  ways  of  accounting  for  the  cycle  of  33  years,  without 
adopting  so  startling  a  theory  as  this.  A  peculiarity  of  the  November  showers  had  to 
be  accounted  for,  however,  which  seemed  to  promise  to  throw  new  light  on  this  ques- 
tion.   The  shower  occurs  later  and  later  year  by  year,  and  after  taking  into  account 
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the  effect  of  precession,  it  was  found  that  there  is  a  real  advance  of  the  node  of  the 
meteor  system  on  the  ecliptic.  But  astronomers  know  how  to  calculate  the  motion 
of  the  node  of  a  body  circling  in  a  given  orbit  about  the  sun.  It  remained,  then, 
to  try  different  periods.  Given  the  period  of  the  system,  the  velocity  with  which 
the  meteors  cross  the  earth's  orbit  could  be  at  once  determined ;  then  (the  radiant 
being  known),  the  actual  direction  in  which  they  cross  that  orbit,  and  so  the  actual 
position  and  shape  of  their  own  orbit  could  be  determined.  Professor  Adams  ap- 
plied his  great  powers  to  calculate  the  nodal  motion  of  the  November  system  on  a 
variety  of  assumptions  as  to  its  period,  all  the  assumptions,  however,  being  adopted 
so  as  to  explain  the  33  year  period  already  mentioned.  One  orbital  period  after 
another  failed,  until  the  period  of  33  years  was  alone  left  untried.  There  were 
difficulties  in  treating  the  orbit  corresponding  to  this,  period,  on  account  of  its  great 
eccentricity.  However,  Adams  applied  a  method  invented  at  the  beginning  of 
the  present  century  by  Gauss  to  the  solution  of  this  difficult  problem.  He  found 
that,  on  the  assumption  of  a  period  of  33|  years,  the  motion  of  the  node  is  fully 
accounted  for  by  the  attractions  of  the  planets  Uranus,  Jupiter,  and  Saturn.  Thus, 
no  doubt  remained  that  this  period,  so  long  (and  with  reason)  rejected  by  astrono- 
mers on  account  of  the  enormous  extent  of  the  orbit  it  gives  the  meteors,  is  the 
true  period  of  the  meteor  system. 

But,  in  the  mean  time,  a  startling  discovery  had  been  made.  Schiaparelli  had 
been  led  to  inquire  whether  the  coincidence  that  the  comet  of  1862  crossed  the 
earth's  orbit  precisely  where  we  encounter  the  August  meteors,  is  accidental  or  not. 
It  is  evident  that  the  August  meteors  might  cross  the  earth's  path  at  this  particular 
point  in  a  myriad  different  directions.  Only  one  would  coincide  with  the  comet's 
track.  Now,  Schiaparelli  found  that,  assuming  only  a  considerable  eccentricity  in 
the  path  of  the  meteors,  that  path  actually  coincides  with  the  path  of  the  comet. 
The  nature  of  the  correspondence  will  be  seen  from  the  two  following  tables,  the 
former  giving  the  best  estimates  of  the  comet's  path,  the  latter  giving  the  orbit  of 
the  August  meteors  on  the  assumption  that  the  eccentricity  has  the  same  value  as 
that  of  the  comet's  path : — 


Longitude  of  perihelion 
Longitude  of  ascending  node 
Inclination 

Perihelion  distance    . 
Period        .... 
Motion       .... 


Large 
Comet  of  1862, 
(Comet  III.  1S62.) 

344°  41' 
137    27 

66    25 

0.9626 

123.74 
Retrograde. 


August  Meteor*, 

(Sehiaparelli't 

Elements.) 

3430  38' 

138    16 

64      3 

0.9643 


Retrograde. 


The  agreement  is  far  too  striking  to  be  accidental.  Every  astronomer,  in  fact,  who 
studied  the  evidence  attentively  came  to  the  conclusion  that  there  was  some  asso- 
ciation (though  what  its  nature  might  be  was  unknown)  between  the  August  meteors 
and  the  bright  comet  of  1862. 

But  it  was  felt  that  the  evidence  would  be  complete  if,  now  that  an  exact  orbit 
was  found  for  the  November  meteors,  a  comet  could  be  shown  to  be  associated  with 
them  also.  By  a  strange  accident,  the  proper  comet  had  been  detected  by  tele- 
scopists  (it  was  far  too  small  to  be  visible  to  the  naked  eye)  only  a  few  months  before 
Adams  completed  his  labors.  Peters  and  Schiaparelli  independently  discovered  that 
Tempel's  comet  (Comet  I.  1866)  had  elements  which  may  be  regarded  as  absolutely 
identical  with  those  of  the  November  meteors.    The  following  tables  show  this : — 


November  Meteors. 
0.9893 
0.9033 
10.340 
18°  3' 
51  28 
33^.25 
Motion Retrograde. 


Perihelion  distance    . 

Eccentricity 

Semi-axis  major 

Inclination 

Longitude  of  descending  node 

Period       .... 


Tempers  Comet. 
0.9765 
0.9054 
10.324 
170  18.1' 
51  26.1 
33U76 
Retrograde. 


Considering  that  astronomers  had  determined  the  principal  features  of  the  orbit 
of  the  November  meteors  from  the  estimated  position  of  the  radiant  point  whence 
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the  shooting  stars  seemed  to  proceed  on  the  night  of  November  13-14, 1866,  the 
coincidence  cannot  bnt  be  regarded  as  simply  complete. 

Now,  what  the  nature  of  the  association  between  comets  and  meteors  may  be,  it 
would  be  at  present  idle  to  inquire.  We  are  still  so  completely  in  the  dark  as  to  the 
nature  of  comets,  and  further,  we  know  so  little  as  to  the  condition  of  meteors  as 
they  traverse  interplanetary  space,  that  it  would  be  fruitless  to  endeavor  to  show 
how  it  happens  that  bodies  which  seem  to  be  like  the  lightest  vapors,  should  be  fol- 
lowed by  bodies  which  would  appear  to  traverse  space  as  discrete  masses  of  consider- 
able density. 

Bat  apart  from  all  speculations  on  these  points  there  are  some  results  which  seem 
so  clearly  Reducible  from  what  has  been  learned  respecting  meteors  that  we  do  not 
hesitate  to  present  them  as  a  legitimate  sequel  to  the  account  above  rendered. 

Knowing  now  that  meteors  travel  in  orbits  as  eccentric  as  the  cometic  orbits,  we 
have  every  reason  to  regard  the  fact  that  the  earth  encounters  no  less  than  56  meteor 
systems  (as  Professor  Herschel  says ;  but  Professor  He  is  says  she  encounters  more 
than  100),  as  affording  positive  proof  that  the  total  number  of  these  systems  must 
be  counted  by  millions  on  millions. 

Again,  we  know  that,  though  some  of  these  systems  consist  of  bodies  like  those 
forming  the  November  system,  that  is,  of  bodies  scarcely  exceeding  a  few  ounces  in 
weight,  yet  the  components  of  some  meteoric  systems  are  bodies  of  considerable 
mass. 

Tet  further,  the  existence  of  countless  millions  of  these  systems  within  the  plane- 
tary scheme  leads  to  the  conclusion  that  in  the  sun's  neighborhood  meteoric  masses 
must  be  distributed  in  amazing  profusion.  For  an  eccentric  meteor  system  is  a  sort 
of  radial  appendage  of  the  solar  system ;  and  the  existence  of  a  series  of  radial  ap- 
pendages around  toe  sun  involves  the  necessity  of  a  relative  crowding  of  matter  in 
nis  neighborhood. 

It  seems  to  follow  then,  most  conclusively,  that  there  must  exist  all  round  the  sun 
such  streams  and  crowding  systems  of  meteors  as  could  scarcely  fail  to  be  rendered 
visible  under  favorable  circumstances,  illuminated  as  they  would  be  by  the  splendor 
of  the  sun  whose  orb  is  relatively  so  near  to  them. 

There  seems  good  reason  for  believing  that  in  the  zodiacal  light  we  do  actually 
see  this  congeries  of  meteoric  systems,  or  at  least  its  outlying  parts ;  while  the  solar 
corona  presents  precisely  such  an  appearance  as  we  should  expect  that  system  of 
systems  to  present  in  the  immediate  neighborhood  of  the  great  centre  about  which 
each  system  is  revolving.! 

If  the  zodiacal  light  and  the  solar  corona  be  thus  explained  (and  we  can  see  no 
escape  from  the  conclusion  that  this  is  the  true  explanation),  modern  researches  into 
the  theory  of  luminous  meteors  may  not  unfairly  be  said  to  have  thrown  a  most  im- 
portant light  on  the  whole  economy  of  the  solar  system. 

Metonio  Cycle.    See  Cycle. 

Xetre.    (pifpov,  measure.)    The  French  unit  of  length.    (See  Metric  System.) 

Metric  System.  The  system  of  weights  and  measures  first  adopted  in  France, 
but  now  gradually  coming  into  use  in  other  countries.  We  propose  to  describe  under 
this  head  the  present  English  and  French  systems  of  weights  and  measures,  and  to 
exhibit  the  relations  between  the  two.  Until  the  metric  system  or  some  modifica- 
tion has  been  adopted  in  England  it  is  absolutely  necessary  that  the  student  of 
science  in  this  country  should  have  the  means  of  readily  translating  weights  and 
measures  from  one  system  to  the  other. 

The  first  point  to  be  considered  is  the  actual  basis  of  each  system,  the  standard  to 
which  each  is  primarily  referable. 

The  fundamental  unit  of  English  measurement  is  the  yard.  It  is  determined  by 
reference  to  the  length  of  a  pendulum  vibrating  seconds  of  mean  time  in  vacuum  in 
the  latitude  of  London,  at  the  sea-level.  This  length  is  to  be  divided  into  3913929 
parts,  and  the  yard  is  to  contain  3600000  sueh  parts.  The  yard  is  divided  into  36 
inches,  so  that  the  pendulum  beating  seconds  in  the  latitude  of  London  contains 
39.13929  inches.  (Properly  speaking  the  inch  is  more  justly  to  be  regarded  as  the 
unit  of  length  than  the  yard.) 

The  English  units  of  capacity  and  weight  are  derived  directly  from  the  unit  of 
length.  The  standard  gallon  contains  277.274  cubic  inches,  and  the  pound  avoir- 
dupois is  the  tenth  part  of  such  a  gallon  of  distilled  water  at  the  temperature  of 
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62°  Fahrenheit  when  the  barometer  stands  at  thirty  inches,  the  water  being  weighed 
at  the  sea-level.    The  pound  weight  is  divided  into  7000  grains. 

The  measurement  oi  surface  is  too  closely  associated  with  that  of  length  to  need 
special  notice.  But  to  the  above  units  we  may  add  the  unit  of  land  measurement, 
tne  acre,  containing  4840  square  yards. 

In  the  French  system  the  fundamental  unit  is  the  metre,  which  is  determined  by 
reference  to  the  feugth  of  a  meridional  circle.  It  is  the  ten-millionth  part  of  the 
quadrant  of  the  meridian  of  Paris.  The  length  of  a  metre  in  English  inches  is 
39.3707898,  or  nearly  a  quarter  of  an  inch  more  than  the  length  of  a  pendulum  vi- 
brating seconds  in  tne  latitude  of  London. 

The  French  unit  of  surface  is  the  are  of  100  square  metres. 

The  unity  of  capacity  is  the  litre,  the  1000th  part  of  a  cubit  metre. 

The  unit  of  weight  is  the  gramme,  the  weight  of  the  10,000th  part  of  a  cubic 
metre  of  water  at  its  maximum  density.  (The  kilogramme,  or  the  weight  of  a  litre 
of  such  water,  is,  however,  commonly  employed  as  more  convenient.) 

The  value  of  these  units  does  not  depend,  however,  on  the  accuracy  with  which  the 
various  measurements  have  been  made  by  means  of  which  their  value  has  been  de- 
termined. It  has,  indeed,  been  shown  by  Sir  John  Herschel  that  there  is  probably 
an.  error  of  about  the  208th  part  of  an  inch  (in  defect)  in  the  determination  of  the 
French  metre,  while  Professor  Miller  of  Cambridge  has  shown  that  the  weight  of 
the  standard  kilogramme  is  less  than  that  of  a  cubic  litre  of  water  at  its  maximum 
density,  having  been  deduced  before  this  maximum  had  been  accurately  determined. 

However  important  the  determination  of  the  true  length  of  a  meridional  arc  may 
be  in  itself  (see  Earth,  Figure  of  the  ;  Latitude,  Degree  of;  etc.),  or  whatever 
interest  may  attach  to  the  inquiry  into  the  true  maximum  density  of  water,  the  value 
of  a  system  of  national  weights  and  measures  is  in  no  sense  impaired  by  slight  differ- 
ences such  as  those  referred  to. 

The  essential  excellence  of  the  metric  system  is  derived  from  the  mode  of  multi- 
plication and  subdivision  of  the  units  according  to  a  uniform  decimal  notation. 

The  multiples  of  the  different  units  are  indicated  by  prefixing  Greek  names  of 
numbers  to  tne  name  of  the  unit,  the  subdivisions  by  prefixing  Latin  names  of  num- 
bers. These  prefixes  are  therefore  for  decimal  multiples,  dica-,  hecto-  (or  hect-),  kilo-, 
and  myrio-,  and  for  decimal  subdivisions  they  are  cUci.,  certii-,  and  milli-. 

Thus  for  linear  measurement  we  have  the  metre ;  its  multiples,  the  dicamUre 
(ten  metres),  the  hectometre  (one  hundred  metres),  the  kilomUre  (one  thousand 
metres),  and  the  myriometre  (ten  thousand  metres) ;  and  its  subdivisions,  the  deci- 
metre (one-tenth  of  a  metre),  the  centimetre  (one-hundredth  of  a  metre),  and  the 
millimetre  (one-thousandth  of  a  metre.)  (The  importance  of  distinguishing  between 
dica-  and  did-  will  be  noticed.) 

In  like  manner  for  weights,  we  have  the  gramme  ;  its  multiples,  the  decagramme 
(ten  grammes),  the  hectoaramme  (one  hundred  grammes),  the  kilogramme  (one 
thousand  grammes),  and  the  myriogramme  (ten  thousand  grammes) ;  and  its  sub- 
divisions, the  decigramme  (one-tenth  of  a  gramme),  the  centigramme  (one-hundredth 
of  a  gramme),  and  the  milligramme  (one-thousandth  of  a  gramme). 

It  will  be  seen  that  two  advantages  follow  from  this  plan.  In  the  first  place,  the 
same  prefixes  are  used  in  measures  of  length,  surface,  capacity,  and  weight,  so  that 
when  known  for  one  set  of  measures  they  are  known  for  all.  And  secondly,  a  deci- 
mal system  of  multiplication  and  division  being  used  throughout,  no  processes  resem- 
bling compound  addition,  subtraction,  multiplication,  and  division,  are  required  in 
dealing  with  these  measures,  but  only  the  same  simple  processes  which  are  employed 
for  the  addition,  subtraction,  multiplication,  and  division  of  abstract  numbers. 

For  the  conversion  of  metric  numbers  into  English  measures  we  give  the  following 
tables,  compiled  by  Mr.  Warren  De  La  Rue : — 
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I. — Length. 


In  English  inches. 

In  English  feet. 

In  English  yards. 

In  English  miles. 

Millimetre 

Centimetre 

Decimetre 

Metre 

Decametre 

Hectometre 

Kilometre 

Myriometre    . 

0.03937 

0.39371 

3.93708 

39.S7079 

893  70790 

8937.07900 

89370.79000 

393707.90000 

0.0082809 

0.0328090 

0.3280899 

8.2808992 

82.8089920 

828.0899200 

3280.8992000 

82SO8.992O000 

0.0010936 

0.0109363 

0.10936.33 

1.0036331 

10.9363310 

109.3633100 

109.3.6331000 

10936.3310000 

0.0000006 
0.0000062 
0.0000621 
0.0006214 
0.0062138 
0.0621382 
0.6213824 
6.2138244 

1  inch  ma  2.639954  centimetres. 
1  foot  «■  8.0479419  decimetres. 

1  yard  «  0.91438348  metre. 
1  mile  «=  1.6093149  kilometre. 

II. — Surface. 


In  English 
square  yards. 

In  English  square 
poles  =  30  25 
square  yards. 

In  English  square 

roods  ==1210 

square  yards. 

In  English  acres 

=  4840  square 

yards. 

Centlare  or  square  metre 
Are  or  100  square  metres 
Hectare  or  10,000       " 

1.1960338 

119.6033260 

11960.3326020 

0  0395383 

3.9338290 

895.3828959 

0.000988457 
0.0988  45724 
9.884572398 

0.0002471148 
0.0247114810 
2.4711430996 

1  square  Inch  «  6.4513669  square  centimetres. 
1  square  foot  «  9.2899683  square  decimetres. 

1  square  yard  ■=  0.83609715  square  metre. 
1  acre  «=  0.404671021  hectare. 

III. — Capacity. 


In  cubio  inches. 

In  pints. 

In  gallons. 

In  bushels. 

Mimitre 

0.061027 

0.001761 

0.00022010 

0.000027512 

Centilitre 

0.610271 

0.017608 

0.00220097 

0.000275121 

Decilitre. 

6.102705 

0.176077 

0.02200967 

0.002751208 

Litre        .... 

61.027052 

1.760773 

0.22009668 

0.027512085 

Decalitre 

610.270515 

17.607734 

2.20096677 

0.275120846 

Hectolitre 

6102.705152 

176.077341 

22.09966768 

2.751208459 

Kilolitre. 

61027.051519 

1760.773414 

220.00667r.75 

27.512034594 

Myriolltre       .      ,, 

610270.515194 

17607.734140 

2200.96676750 

275.120845987 

1  cubic  inch  =  16.3861759  cubio  centimetres. 

1  gallon  = 


1  cubic  foot 
4.643457969  litres. 


28.3153119  cubic  decimetres. 


IV.— Weight. 


In  English  grains. 

In  Troy  os. 
«=  480  grains. 

In  ard.  lbs. 
be  7000  grains. 

Incwts. 
—  112  lbs. 

Milligramme  . 
Centigramme  . 
Decigramme   . 
Gramme  .       • 
Decagramme  . 
Hectogramme. 
Kilogramme   . 
Myriogramme 

0.015432 

0.154323 

1.543235 

15.432349 

154.323488 

1543.234880 

15432.348800 

154323.488000 

0.000032 
0.000322 
0.003215 
0  032151 
0.321507 
3.215073 
32.150727 
821.507267 

0.0000022 
0.0000220 
0.0002205 
0.0022046 
0.0220462 
0.2204621 
2.2046213 
22.0462126 

0.00000002 
0.00000020 
0.00000197 
0.00001968 
0.0OQ19684 
0.00196841 
0.01968412 
0.19684118 

1  grain  «  0.064798950  grammes. 

1  lb.  AToirdupoU  =  0.45359265  kilogramme. 

1  os.  Troy  =  31.103496  grammes. 
1  owl  =  50. 80237689  kilogrammes. 

The  following  tables,  taken  from  a  paper  by  Mr.  Roystoo-Pigott,  will  also  be 
found  very  useful  for  special  purposes : — 
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METBOCHROME. 


British  inches. 


1 
S 

3 

4 

6 

6 

7 

8 

9 
10 

12  (foot) 
20 
80 

36  (yard) 
40 
60 
100 


Millimetres. 


29.39954113 

60.79908228 

76.19862339 

101.59816452 

120.99770568 

152: 39724679 

177.79678792 

203.19633905 

223.39387018 

253  99541132 

301.79449358 

607.99082226 

761. 9862*396 

914.38349075 

1015.98164528 

12G9. 97705566 

2539.95411326 


Millimetres. 


British  inches. 


1 

2 

3 

4 

6 

0 

7 

8 

9 
10 
20 
40 
60 
100 
1000  (metre) 


0.039370789 
0.078741679 
0.118112369 
0.157483169 
0.196853949 
0.236224738 
0.275696528 
0.314966318 
0.354337108 
0.393707808 
0787416796 
1.574831592 
1.96853949 
3.93707893 
89.3707898 


Grains. 

Grammes. 

Grammes. 

Grains. 

7 

.453592 

1 

15.41234874 

14 

.907185 

2 

30.86469748 

21 

1.360777 

3 

46.2970462a 

28 

1.S14370 

4 

61  72939499 

35 

2.267963 

6 

77.16174370 

70 

4.535928 

10 

154.32348740 

140 

9.071852 

11 

169.75583614 

350 

22.679632 

20 

308.6469748 

700 

45.359265 

60 

771.617437 

7000 

463.692662 

100 

1513.234874 

tone  pound  aroird.) 

1000 

15432.34874 

(kilogramme.) 

1 

It  will  be  noticed  that  the  first  column  deals  with  decimal  parts  of  one  pound 
avoirdupois. 

See  Essay  on  the  Yard,  the  Pendulum,  and  the  Metre,  by  Sir  John  Herschel ; 
Briot's  Arithmetic,  translated  by  J.  Spear,  etc. ;  a  paper  by  Mr.  Spear  in  the 
Popular  Science  Review  for  October,  1864 ;  and  another  by  Mr.  Royston-Pigott  in 
the  same  magazine  for  July,  1870. 

Metroohrome.  (ftpo?,  a  measure,  and  gpopo,  color.)  An  instrument  devised  by 
Sidney  B.  Kincaid  for  measuring  color.  He  has  employed  it  for  the  estimation  of 
star  colors.  It  consists  essentially  of  three  parts — 1,  a  lantern  for  the  production 
of  a  constant  light ;  2,  a  contrivance  for  imparting  to  that  light  the  necessary  color, 
and  so  arranged  that,  the  proper  tinge  being  once  produced,  a  record  of  it  can  be 
obtained,  so  as  to  enable  it  to  be  reproduced  at  any  time ;  3,  an  apparatus  to  throw 
that  colored  light  into  the  field  of  the  telescope  as  an  artificial  star,  which  can  thus 
be  viewed  side  by  side  with  the  image  of  the  real  one.  The  source  of  light  is  a  very 
fine  platinum  wire,  rendered  incanaescent  by  a  current  of  electricity,  transmitted 
through  it  from  a  Smee's  battery  of  two  cells.  The  platinum  wire  is  brought  into 
the  focus  of  a  Jens,  so  that  the  rays  of  light  from  the  lantern  issue  parallel,  and 
therefore  come  to  a  focus  after  passing  through  the  object-glass  of  the  telescope,  at 
the  same  distance  from  it  as  those  emitted  by  a  star.  The  chromographic  part  of 
the  apparatus  consists  of  a  drum  rotating  about  an  axis.  The  drum  nas  in  it  six 
equidistant  radial  openings,  the  alternate  three  of  them  transmitting  the  normal 
light  of  the  lantern,  the  other  three  constructed  so  as  to  admit  flat-sided  stoppered 
bottles,  containing  chemical  solutions  of  different  colors.  The  outer  edge  of  each 
of  the  last-mentioned  apertures  is  graduated  into  ten  parts,  and  each  of  these  can  be 
wholly  or  partially  closed  by  means  of  a  radial  shutter.  The  other  three  apertures 
can  be  simultaneously  closed  wholly  or  partially  by  a  triune  radial  shutter.  The 
edge  of  one  of  them  is  divided  into  ten  parts,  and  as  all  are  equally  affected  by  the 
movement  of  the  shutter,  the  reading  applies  to  the  three  openings.  The  drum  is 
made  to  rotate  so  as  to  bring  suscessively  the  different  apertures  in  front  of  the  lan- 
tern ;  and  when  the  rotation  is  sufficiently  rapid,  the  impression  of  color  produced 
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on  the  retina  of  the  eye  will  be  that  of  a  color  compounded  of  the  color  of  the  solu- 
tions in  the  three  alternate  apertures  diluted  by  the  white  light  transmitted  through 
the  other  three  alternate  apertures.  By  a  proper  selection  of  the  solutions,  and 
adjustment  of  the  magnitude  of  the  several  apertures  by  means  of  the  shutters,  it  is 
possible  to  produce  the  exact  color  of  a  particular  star,  and  then  the  record  of  the 
solutions  employed,  and  of  the  dimensions  of  the  several  apertures,  will  enable  the 
exact  reproduction  of  such  color  at  any  future  period  for  comparison  with  the  then 
color  of  the  star  iu  question.  The  remaining  part  of  the  apparatus  is  a  contrivance 
for  throwing  the  beam  of  colored  light  into  the  telescope,  so  as  to  produce,  as  already 
mentioned,  the  image  of  an  artificial  colored  star. 

Microcosmio  Bait    See  Phosphorus. 

Micrometer,  Doable  Image.    See  Double  Image  Micrometer. 

Kiorometer  Eye-piooe.  {pfpot,  small,  and  ptrfw,  a  measure.]  {Fig.  91.)  This 
eonsis  tfl  of  an  eye- piece  having  a  ruled  glass  micrometer,  or  a  spider-t  bread  micrometer, 
in  its  focus.    The  image  of 

the  object  and  the  lines  of  the  Fig.  91. 

micro  meter  are  thus  distinctly 
teen  at  the  same  time,  and 
measurements  can  be  readily 
obtained.  The  ruled  glass  is 
sometimes  stationary,  and 
sometimes  connected  with  a 
screw  and  graduated  milled 
head,  so  as  to  read  off  the 
measurements  at  the  side. 
The  spider-thread  micrometer 
consists  of  two  spider-threads 
filed  in  the  foens  of  the  eye- 

Siece,  one  of  which  is  sta- 
onary,  whilst  the  other  is 
allowed  to  traverse  the  field, 
keeping  parallel  to  the  firat. 
This  is  also  moved  by  means 
or  a  fine  screw  and  graduated 
milled  head.  Sometimes,  instead  of  one  moving  wire,  the  frame  carries  two,  crossing 
each  other  at  an  angle.  It  is  easier  with  this  arrangement  to  get  the  accurate 
coincidence  of  an  object  with  the  point  where  the  threads  cross,  than  with  the  straight 
thread-     (See  Eye-piece,  Micrometer,  and  Parallel  Line  Position  Micrometer.) 

Microscope,  (f"*f»f,  small,  and  mwiw,  to  view.)  An  optical  instrument  by 
means  or  which  magnified  views  of  very  minute  objects  can  be  obtained.  Micro- 
scopes are  divided  into  simple  and  compound.  Iu  the  former,  the  object  itself  is 
directly  magnified  by  one  or  more  convex  lenses.  (See  Doublet ;  Triplet.)  In  a 
compound  microscope,  a  highly  magnified  image  of  the  object  is  first  formed,  and 
this  image  is  then  treated  like  the  real  object  in  a  simple  microscope,  the  eye-piece 
hero  acting  as  the  magnifier.  (See  Compound  Microscope  ;  Dichroic  Microscope; 
Reflecting  Microscope ;  Binocular  Microscope  ;  Solar  Microscope  ;  Spectrum 
Microscope;  Polarizing  Microscope.) 

Microscope,  Binocular  Stereoscopic.    See  Binocular  Stereoscopic  Microscope. 

MiCTOSOOpiom.     (The  Microscope.)    One  of  Lacaille's  southern  constellations. 

Micros pectroioope.     Synonymous  with  the  Spectrum  Microscope,  which  see. 

Milky  Way.    See  Galaxy. 

Mineral  Chameleon.     See  Manganese. 

Minerals,  Hardness  of.     See  Hardness  of  Minerals. 

Minimum  Thermometer.  A  thermometer  so  constructed  as  to  register  the 
lowest  temperature  daring  a  day,  or  any  given  interval  of  time.  The  principle  on 
which  it  is  constructed  is  the  reverse  of  that  adopted  in  the  maximum  thermometer. 
la  Rutherford's  minimum  thermometer,  the  spirit  of  wine  is  used  instead  of  mer- 
cury ;  ana  a  steel  index  is  placed  in  the  tube,  the  thermometer  being  suspended  hori- 
sontallv.  As  the  temperature  falls,  the  index  is  carried  down  by  the  spirit;  but 
when  the  temperature  rises,  the  spirit  passes  the  index,  and  leaves  it  to  indicate  the 
lowest  temperature  reached  during  the  day.  A  magnet  maybe  employed  in  setting 
the  instrument,  or  else  the  bulb  end  must  be  raised. 


462  MINIUM. MOLECULAR 

It  must  be  noticed  specially  in  employing  this  instrument,  that  the  spirit  of  wine 
is  apt  to  collect,  after  evaporation,  at  the  top  of  the  tube.  It  need  hardly  be  said 
that,  unless  this  end  of  the  tube  be  free  from  spirit,  the  minimum  registered  will  be 
too  low. 

Minium.    See  Lead  ;  Oxides. 

Wr\t*btL     (Arabic.)    The  star  ft  in  the  belt  of  the  constellation  Orion. 

Mir  a.  (The  wonderful  star.)  The  star  o  of  the  constellation  Cetus.  A  remark* 
able  variable  star.    (See  Stars,  Variable.) 

Miraoh.  (Arabic.)  A  name  which  has  been  given  both  to  the  star  0  of  the 
constellation  Andromeda,  and  to  the  star  t  of  the  constellation  Bootes.  Each  star 
is  also  sometimes  called  Mizar. 

Mirage.  (French,  from  the  root  of  mirror;  L.,  miror,  to  wonder  at)  A  phe- 
nomenon of  unusual  refraction.  It  is  produced  by  the  sun  shining  on  a  sandy  desert, 
and  heating  the  sand  and  lower  stratum  of  air.  It  gives  the  appearance  of  lakes  or 
inundations  in  the  distance,  the  villages  on  elevations  being  apparently  reflected  in 
water.  It  is  probably  due  to  total  reflection  from  the  boundary  surfaces  of  two 
strata  of  air  of  unequal  densities.     (See  Befraction,  Unusual.) 

Mir&k.    (Arabic.)    The  star  a  of  the  constellation  Perseus. 

Mirror.  (Miror,  to  wonder  at.)  A  polished  substance  used  for  reflecting  light. 
For  optical  purposes  they  may  be  made  of  plane  glass,  glass  coated  behind  with  tin 
amalgam  (looking-glass) ;  glass  coated  in  front  with  a  highly  reflecting  silver  or  pla- 
tinum film,  or  of  speculum  metal.  Mirrors  are  plane,  convex,  concave,  and  para* 
bolic,  which  see. 

Mirror  Galvanometer.    See  Galvanometer. 

Mirrors,  Silvered.    See  Silvered  Mirrors. 

Mirzam.    (Arabic.)    The  star  j3  of  the  constellation  Canis  Major. 

Mist.    See  Fog. 

Mistral.  A  violent  (but  steady)  northwesterly  wind  blowing  from  the  south- 
eastern parts  of  France  across  the  Gulf  of  Lyons. 

Mizar.  (Arabic.)  (See  Mirach.)  Mizar  is  also  a  name  given  to  the  star  f  of 
the  constellation  Ursa  Major. 

Mobile  Equilibrium  of  Temperature.    See  Theory  of  Exchanges. 

Modulus  of  Elasticity.    See  Impact,  and  Elasticity. 

Moiree  Metallique.    See  Tin. 

Molecular  Potential  Energy.  When  a  ball  is  thrown  up  into  the  air  it  possesses, 
besides  its  actual  motion  or  vis  viva  (otherwise  called  kinetic  energy),  a  certain 
amount  of  other  energy,  called  potential  energy.  At  any  moment  of  its  ascent  it 
possesses  the  actual  motion  which  is  urging  it  upwards,  plus  the  possible  motion — 
the  motion  existing  in  possibility  not  in  act — due  to  gravity,  which  will  cause  it  to 
descend  to  the  earth  when  in  reaches  the  summit  of  its  flight.  This  is  the  potential 
energy  of  a  mass.  In  like  manner,  a  man  in  a  balloon,  a  hanging  lamp,  a  pith-ball 
suspended  in  the  vicinity  of  a  charged  electrical  conductor,  two  bodies  whose  chemi- 
cal union  is  imminent,  and  a  piece  of  iron  suspended  near  a  magnet,  are  each  and  all 
in  a  condition  of  potential  energy,  because  there  is  an  action  possible  to  them  which 
is  not  possible  when  they  are  removed  from  the  several  attracting  forces  which  in- 
fluence them.  In  fact,  whenever  matter  is  under  the  influence  of  an  attractive  force, 
in  a  restrained  position,  so  that  it  can  be  actuated  by  that  force  only  when  the 
restraining  influence  is  removed,  it  is  in  a  condition  of  potential  energy.  Now,  when 
we  heat  a  substance,  a  part  of  the  heat  is  consumed  in  the  performance  of  mechanical 
work  (see  Internal  Work  of  a  Mass  of  Matter)— it  has  to  overcome  the  cohesion 
of  the  particles  before  it  can  separate  them.  Suppose  we  heat  a  bar  of  iron  to  red- 
ness, the  particles  are  further  apart  than  before  heating  (see  Expansion),  and  heat 
has  been  converted  into  mechanical  force  in  separating  them.  They  are  in  a  condi- 
tion of  potential  energy,  and  resemble  a  suspended  weight.  This  is  molecular 
potential  energy — the  potential  energy  of  small  masses.  As  the  heat  which  caused 
their  separation  passes  off  during  the  cooling  of  the  mass,  cohesion  reasserts  its 
power,  and  the  particles  approach  each  other ;  they  resemble  a  ball  falling  to  the 
earth,  a  pith-ball  approaching  an  electrified  conductor,  a  piece  of  iron  a  majrnet,  or 
a  molecule  of  oxygen  a  molecule  of  phosphorus,  save  that  they  are  actuated  by  the 
force  of  cohesioninstead  of  by  gravity,  electricity,  magnetism,  or  chemical  affinity. 
An  enormous  force  is  exercised  during  this  contraction ;  it  would  take  more  than  a 
ton  weight  to  stretch  a  bar  of  iron  of  a  square  inch  in  section  to  the  same  extent 
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that  a  rise  of  temperature  of  9°  C.  effects,  and  the  same  force  is  exerted  in  the  oppo- 
site direction  daring  cooling.  A  short  bar  of  iron  half  an  inch  thick  may  easily  be 
broken  by  the  contraction  of  a  larger  bar  which  has  been  heated  to  redness  and 
is  suffered  to  cool.  Moreover,  this  contractile  force  has  been  applied  for  the  purpose 
of  bringing  together  the  walls  of  buildings,  which  have  ceased  to  be  perpendicular 
from  sinking  of  the  soil  or  other  causes.  Thick  rods  of  metal  are  passed  through  the 
opposite  walls,  and  are  fastened  on  the  outside  by  means  of  a  screw  on  the  rod  itself. 
The  nut  is  screwed  up  tight,  and  the  rod  then  heated  to  redness ;  it  lengthens,  and 
the  screw  can  be  tightened ;  as  the  rods  cool  they  shorten,  and  the  walls  are  drawn 
slightly  closer.  By  repeating  this  many  times  a  sensible  effect  may  be  produced, 
and  the  walls  ultimately  brought  to  parallelism.  The  most  notable  application  of 
this  was  made  in  the  Conservatoire  dee  Arts  et  Metiers  in  Paris,  the  walls  of  which 
were  commencing  to  bend  outwards,  but  were  straightened  by  thus  utilizing  the 
intensity  of  molecular  forces.  On  the  same  principle,  the  tires  of  wheels  are  put  on 
while  red  hot,  as  are  the  iron  hoops  of  tubs  and  barrels. 

In  the  case  of  substances  which  have  been  suddenly  cooled,  such  as  nnannealed 
glass  (see  Prince  Rupert's  Drops),  the  molecules  are  in  a  condition  of  potential 
energy,  and  when  they  are  released  from  the  state  of  strain  by  rupture  of  conti- 
nuity at  one  point,  the  potential  energy  becomes  kinetic,  and  the  kinetic  energy  be- 
comes heat. 

Molecules  may  be  in  a  condition  of  potential  energy  under  the  influence  of  the 
attractive  force,  called  chemical  affinity.  Instances  of  this  are  of  perpetual  occur- 
rence in  chemistry.  When  a  substance  is  decomposed  by  heat,  a  certain  amount  of 
heat  disappears,  and  is  consumed  in  separating  the  molecules ;  when  they  rush  to- 
gether again  to  combine  and  form  the  original  substance  the  same  amount  of  heat  is 
produced  by  the  collision  of  the  molecules  as  was  consumed  in  separating  them. 
They  are  in  the  condition  of  the  raised  weight,  then  of  the  falling  weight,  then  of 
the  weight  which  has  reached  the  earth  and  yielded  up  its  kinetic  energy,  which  be- 
comes heat.  Suppose,  for  instance,  we  have  lead  in  the  finely  divided  state  in  which 
it  is  called  lead  pyrophorous ;  it  is  in  a  condition  of  molecular  potential  energy ;  a 
certain  amount  of  heat  has  been  consumed  in  bringing  it  to  that  condition,  and  when 
the  molecules  are  brought  into*  the  presence  of  oxygen  gas  thev  combine  with  it. 
The  molecules  of  lead  come  into  collision  with  the  molecules  of  oxygen,  and  the 
heat  consumed  in  separating  them  reappears.  When  molecules  are  in  a  condition 
of  potential  energy  under  the  influence  of  their  own  cohesion ;  that  is,  when,  as  in 
the  first  example  given  above,  heat  has  expanded  a  body,  and  thus  conferred  poten- 
tial energy  upon  its  molecules,  a  certain  amount  of  heat  disappears  in  the  perform- 
ance of  internal  work,  and  when,  on  cooling,  the  molecules  assume  their  original 
position,  the  amount  of  heat  which  was  consumed  in  separating  them  reappears. 
(See  also  Specific  Heat ;  Internal  Work  of  a  Mass  of  matter.) 

Molecule.  (Diminutive  of  L.  moles,  a  mass.)  The  smallest  quantity  of  a  com- 
pound which  can  take  part  in  a  chemical  reaction.  Thus  the  molecule  of  water  is 
±LO=18,  and  of  ammonia,  HSN»17. 

Molybdenite.     See  Molybdenum. 

Molybdenum.  A  metal  discovered  by  Hjelm  in  1782.  Symbol,  Mo.  Atomic 
weight,  96.  It  is  scarcely  known  in  the  metallic  state,  but  is  said  to  be  a  silver 
white,  very  hard,  almost  infusible  metal,  of  specific  gravity  8.6.  Its  most  important 
compounds  are : — 

Molybdic  Oxide.  (MoOr)  A  red-brown  powder,  precipitated  as  a  hydrate,  and 
soluble  in  acids,  forming  molybdic  salts. 

Molybdic  Acid.  (MoO..)  This  is  a  white,  silky-looking  crystalline  powder,  of 
specific  gravity  3.49,  fusible  at  a  red  heat,  slightly  soluble  in  cold  water,  forming  a 
slightly  acid  solution.  By  dialysis,  Graham  prepared  a  strong  aqueous  solution  of 
molybdic  acid,  which,  on  evaporation  to  dryness,  left  the  acid  in  a  gum-like  mass. 
Molybdic  acid  unites  with  bases  forming  molybdates.  Molybdic  acid  dissolves  in 
ammonia  The  solution,  when  rapidly  evaporated,  deposits  a  crystalline  powder, 
having  the  composition  (NHi),0.2MoOs;  when  evaporated  slowly  in  the  air,  large 
transparent  prisms  are  deposited,  having  the  composition  (NHi).H6Mo.02Q. 

Bisulphide  of  Molybdenum.  (MoSr)  Occurs  native  as  MolybdenUe.  It  is 
very  soft,  and  crystallizes  in  thin  plates  of  a  lead-gray  metallic  lustre.  It  is  easily 
cut    Specific  gravity  4.4.    This  is  the  usual  source  of  Molybdenum  compounds. 
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Moment  of  Inertia.  If  a  body  be  supposed  to  consist  of  a  large  number  of 
heavy  particles,  and  the  mass  of  each  be  multiplied  by  the  square  of  its  perpendicu- 
lar distance  from  a  given  line  or  axis,  the  sum  of  all  the  products  is  the  moment  of 
inertia  of  the  body  with  respect  to  the  axis.  The  moment  of  inertia  is  a  quantity 
that  enters  nearly  every  question  in  which  the  rotatory  motion  of  a  body  is  concerned ; 
for  example,  when  a  body  under  the  action  of  a  number  of  forces  is  free  to  move 
only  about  a  fixed  axis,  it  is  found  that  the  angular  acceleration  about  the  axis 
is  equal  to  the  moment  of  the  forces  divided  by  the  moment  of  inertia  about  the 
axis. 

Momentum.  The  product  of  the  mass  of  a  moving  body  into  its  velocity.  It  is 
a  measure  of  the  force  accumulated  in  a  moving  body.  A  ball  of  lead  weighing  10 
lbs.,  and  moving  with  a  velocity  of  15  feet  per  second,  would  strike  an  obstacle  with 
the  same  force  as  a  ball  30  lbs.  in  weight,  and  moving  with  a  velocity  of  5  feet  per 
second.  The  momentum  depends  on  the  mass  and  not  on  the  weight,  for  a  given 
mass  of  lead,  moving  with  a  given  velocity,  would  strike  the  same  blow  in  England 
as  in  India,  although  the  acceleration  of  gravity,  and,  therefore  the  weight,  would 
not  be  the  same  in  the  two  places.  When  a  body  in  motion  imparts  motion  to 
another,  as  when  a  ball  in  motion  strikes  another  at  rest,  the  momentum  lost  by  the 
first  is  exactly  equal  to  that  gained  by  the  second.  When  a  system  of  bodies  is  in 
motion,  the  sum  of  the  momenta  of  the  parts  of  the  system  in  any  direction  is 
equal  to  the  momentum  in  that  direction  or  the  whole  mass  collected  at  the  centre 
of  gravity. 

Monal fkal  amines.    See  Amide* 

Monamides.    See  Amides. 

Monamines.    See  Amides. 

Monatomio  Alcohols.    See  Alcohols,  Series  of, 

Monooeros.  (The  Unicorn.)  One  of  the  northern  constellations  formed  by 
Hevelius.  It  contains  many  objects  of  interest  to  the  telescopist.  The  triple  star 
11  Monocerotis  has  been  described  by  Sir  Wm.  Hcrschel  as  one  of  the  finest  objects 
in  the  heavens. 

Monochord.  (jkwoj,  sole,  only ;  and  gopftq,  chord.)  A  musical  instrument  of  one 
string,  invented  by  Pythagoras.  It  was  used  at  aft  early  period  for  the  investiga- 
tion of  the  laws  of  the  vibration  of  strings.  Thus  Ptolemy  measured  and  proved 
all  his  intervals  by  it.  Although  originally,  as  the  name  imports,  it  had  only  one 
string,  the  modern  form  of  the  instrument  consists  of  a  long  box  upon  which  two 
strings  are  stretched.  One  string  has  ona  extremity  fixed,  and  the  other  attached 
to  a  weight ;  the  extremities  of  the  other  string  arc  wound  round  screws  fixed  to  the 
box.  The  lengths  of  the  vibrating  parts  of  the  strings  may  be  increased  or  dimin- 
ished by  movable  bridges.    (See  Vibrations  of  Strings.) 

Monochromatic  Lamp,  (po**,  single ;  and  2p«fia,  color.)  A  lamp  which  emits 
rays  of  one  refrangibility  only.  Light  of  this  kind  is  frequently  required  in  optical 
experiments.  By  introducing  into  a  colorless  spirit  or  gas  flame  a  tuft  of  asbestos 
saturated  with  chloride  of  lithium,  sodium,  or  thallium,  monochromatic  light  of  a 
red,  yellow,  or  green  color  may  be  obtained. 

Monochromatic  Light,  (f«wof,  single ;  and  gpupa,  color.)  Light  of  one  refrangi- 
bility, and  consequently  of  one  color. 

Monsoon.  (Arabic,  mansim,  a  season.)  The  name  given  to  the  trade  winds  and 
counter-trade  winds  which  blow  in  the  Indian  Ocean,  the  former  from  October  to 
April,  the  latter  from  April  to  October.  In  the  summer  mouths  the  Asiatic  conti- 
nent is  heated  more  than  the  equatorial  parts  of  the  Indian  Ocean,  so  that  instead 
of  air-currents  towards  the  equator  there  prevail  air-currents  from  the  equator,  and 
precisely  as  the  air-currents  towards  the  equator  are  changed  through  the  effects  of 
the  earth's  rotation  into  northeasterly  winds  (see  Winds),  so  the  air-currents  from 
the  equator  are  changed  through  the  same  cause  into  southwesterly  winds. 

In  a  similar  way  monsoons  prevail  (though  not  quite  in  so  marked  a  degree)  over 
those  parts  of  the  Indian  Ocean  which  lie  to  the  north  of  Australia,  northwesterly 
counter-trade  winds  taking  the  place  of  the  southeasterly  trade  winds,  during  the 
summer  months  of  the  southern  hemisphere,  that  is,  from  October  to  April. 

Month,  Anomalistic.  The  mean  period  of  the  moon's  revolution  from  perigee 
to  perigee  of  her  orbit.  It  differs  from  the  sidereal  month  because  the  perigee  does 
not  occupy  a  fixed  position. 
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Xonth,  Nodical.  The  period  of  the  moon's  passage  from  ascending  to  ascending, 
or  from  descending  to  descending  node  of  her  orbit.  It  differs  from  the  sidereal 
month  because  the  position  of  the  line  of  nodes  is  continually  shifting,  and  from  the 
anomalistic  month  because  the  line  of  nodes  shifts  at  a  different  rate,  and  in  a  dif- 
ferent manner,  than  the  apsidal  line. 

Month,  Sidereal.  The  period  in  which  the  moon  passes  through  the  twelve  signs 
of  the  Zodiac.  It  may  be  regarded  as  the  period  in  which  the  moon,  as  seen  from  a 
fixed  star,  would  appear  to  describe  a  revolution  around  the  earth.  Its  length  is 
not  constant,  sometimes  exceeding,  at  others  falling  short,  of  its  mean  value 
27.321661  days. 

Xonth,  Synodical.  The  common  lunar  month,  or  lunation,  that  is,  the  interval 
in  which  the  moon  goes  through  all  her  phases,  as  from  new  to  new,  or  from  full  to 
full.  It  is  usually  reckoned  from  new  moon  to  new  moon.  A  synodical  month  ex- 
ceeds a  sidereal  month,  because,  when  the  moon  starting  from  any  assigned  position 
has  completed  a  revolution  around  the  earth,  the  latter  body  has  advanced  con- 
siderably in  her  orbit  round  the  sun,  and  therefore  the  moon  does  not  occupy  the 
same  position  relatively  to  the  sun  that  she  had  when  she  began  the  revolution.  She 
has,  in  fact,  still  to  advance  through  several  degrees  before  regaining  that  position. 
The  mean  value  of  a  synodical  month  is  29.530589  days. 

Xoon.  The  satellite  of  the  earth,  a  globe  2165  miles  in  diameter,  and  travelling 
in  a  nearly  circular  orbit,  at  a  distance  of  238,800  miles  from  the  centre  of  the 
earth.  The  density  of  the  moon  is  little  more  than  half  that  of  the  earth,  so  that 
her  mass  is  but  about  the  89th  part  of  the  earth's.  Gravity  at  her  surface  is  such 
that  a  terrestrial  pound  if  removed  to  the  moon  would  weigh  less  than  3  oz.  The 
moon's  apparent  diameter  varies  from  a  minimum  value  of  29'  21.9",  to  a  maximum 
of  33'  31.1". 

The  moon,  in  completing  her  circuit  round  the  earth,  presents  varying  phases. 
One-half  of  her  surface  is  always  illuminated  by  the  sun,  but  as  the  moon  rotates. 
upon  her  axis  the  boundary  between  the  dark  and  light  hemispheres  continually 
changes  in  position.  As  the  polar  axis  of  the  moon  is  nearly  at  right  angles  to  the 
plane  of  her  orbit,  and  that  plane  inclined  at  a  small  angle  to  the  ecliptic,  the 
boundary  between  the  light  and  dark  hemispheres  appears  to  shift  nearly  as  a  .half 
ring  would  which  should  have  its  ends  at  opposite  extremities  of  a  diameter  of  the 
moon's  disk,  and  should  rotate  uniformly  about  that  diameter  as  an  axis.  The  same 
hemisphere  of  the  moon  is,  however,  always  turned  towards  us,  the  moon's  rotation 
upon  ner  axis  being  accomplished  in  the  same  time  as  her  mean  sidereal  revolution. 
Tnis  remarkable  relation  has  been  supposed  to  result  from  the  action  of  the  earth  in 
long  past  ages  in  gradually  diminishing  the  moon's  rotation  period.    (See  Libration.) 

The  moon  presents  a  remarkable  appearance  under  the  telescope.  There  are  no 
traces  either  of  oceans  or  of  an  atmospheric  envelope.  The  whole  surface  of  the 
moon  is  diversified  by  plains,  elevations,  aud  depressions  of  different  orders,  which 
have  been  thus  classified  by  Mr.  Webb  (in  whose  admirable  treatise,  •'Celestial 
Objects  for  Common  Telescopes,"  the  whole  subject  will  be  found  very  fully  treated). 

1.  Gray  Plains,  called  seas,  but  undoubtedly  containing  no  water.  "They  are 
usually  darker  than  the  elevated  regions  which  bound  them,"  says  Webb,  "but,  with 
a  strong  general  resemblance,  each  has  frequently  some  peculiar  characteristic  of  its 
own." 

2.  Mountain  Chains,  Hills,  and  Ridges.  These  also  arc  characterized  by  many 
Tarieties.  "Some  are  of  vast  continuous  height  and  extent,  some  flattened  into* 
plateaus  intersected  by  ravines,  some  rough  with  crowds  of  hillocks,  some  sharpened 
into  detached  and  precipitous  peaks."  One  of  the  most  striking  forms  of  elevation 
is  that  of  narrow  ridges,  not  much  raised  above  the  general  level,  but  extending  over 
enormous  arcs  of  the  moon's  surface,  and  commonly  connecting  remarkable  mountains 
or  craters.  These  seem  to  indicate  the  action  of  tremendous  forces  of  upheaval, 
bursting  open  parts  of  the  moon's  crust,  and  acting  more  or  less  effectively  according 
as  the  resistance  experienced  has  been  less  or  greater. 

3.  The  Crater-Mountains.  These  are,  as  Mr.  Webb  justly  remarks,  the  charac- 
teristic peculiarities  of  the  moon.  Although  cratered-mountains  are  not  unknown 
on  the  earth,  yet  the  crater  is  in  all  such  instances  far  smaller  than  the  cone; 
whereas  on  the  moon  the  crater  is  relatively  of  enormous  extent.  There  are  also 
few  signs  of  the  emission  of  lava-streams  from  lunar  craters.  Within  some  craters 
signs  of  change  have  been  suspected.    Mr.  Birt,  for  instance,  who  has  paid  much 
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attention  to  the  subject,  recognizes  variations  in  the  visibility  of  markings  on  the 
floor  of  the  lunar  crater  Plato.  (See  Notices  of  the  Royal  Astronomical  Society, 
vols.  xxix.  and  xxx.)  Recently  it  was  suspected  that  the  small  lunar  crater  Linne, 
was  in  actual  eruption ;  the  eminent  selenographer  Schmidt,  of  Athens,  stating  that 
it  was  hidden  under  a  cloud  of  light.  But  it  is  now  generally  believed  by  astrono- 
mers that  differences  of  illumination  alone  have  been  in  question.  Mr.  Browning  in 
particular  has  succeeded  in  tracing  changes  of  appearance  in  Linne"  under  varying 
illuminations,  which  seem  fully  capable  of  accounting  for  the  peculiar  appearances 
attributed  by  Schmidt  to  an  eruption.  It  must  be  remarked,  however,  that  some  of 
the  signs  of  change  remarked  by  Schroter,  Gruithuisen,  Webb,  Birt,  and  others  seem 
too  marked  to  be  regarded  as  merely  apparent.  The  eminent  lunarians  Beer  and 
M'Adler,  however,  are  not  disposed  to  regard  the  moon's  surface  as  liable  to  change 
of  any  sort. 

4.  Valleys  of  various  dimensions. 

5.  Clefts  (or  Rills).  These  phenomena  were  first  recognized  by  SchrBter,  but 
Gruithuisen,  Lohrman,  Beer  and  Madler,  and  Schmidt,  have  added  largely  to  the 
number  of  known  objects  of  this  sort.  They  are,  perhap,  the  most  perplexing  of 
all  the  lunar  features.  Webb  thus  describes  them :  "  These  most  singular  furrows 
pass  chiefly  through  levels,  intersect  craters  (proving  a  more  recent  date),  reappear 
beyond  obstructing  mountains,  as  though  carried  through  by  a  tunnel,  and  commence 
and  terminate  with  little  reference  to  any  conspicuous  feature  of  the  neighborhood. 
The  idea  of  artificial  formation  is  negatived  by  their  magnitude;  they  nave  been 
more  probably  referred  to  cracks  in  a  shrinking  surface.  The  observations  of 
Kunowski  confirmed  by  M  tidier,  at  Dorpat,  seem  in  some  instances  to  point  to  a  less 
intelligible  origin  in  rows  of  minute  contiguous  craters." 

6.  Faults,  or  "  closed  cracks,  sometimes  of  considerable  length,  where  the  surface 
on  one  side  is  more  elevated  than  on  the  other." 

.  The  elevation  of  the  lunar  mountains  admits  of  being  measured  with  considerable 
accuracy  by  observations  made  on  their  shadows.  Schroter  has  estimated  the 
average  height  of  the  lunar  mountains  to  be  about  5  Euglish  miles,  so  that  they 
bear  a  far  more  important  ratio  than  terrestrial  mountains  to  the  globe  on  wkicli 
they  stand. 

From  the  instantaneous  disappearance  and  reappearance  of  stars  which  are 
occulatcd  by  the  moon,  it  may  be  concluded  that  if  tne  moon  have  an  atmosphere  it 
must  be  one  of  very  limited  extent.  (See  Lunar  Theory ;  Month  {Anomalistic, 
Sidereal,  and  Nodical) ;  Precession;  Nutation;  Elements,  etc) 

Moon  Culminating  Stars.    See  Longitude. 

Moon,  Spectrum  of  the.  This  spectrum  is  essentially  that  of  sunlight,  modified 
as  to  its  intensity  in  some  portions  by  the  color  of  that  portion  of  our  satellite  from 
which  it  is  reflected.    (See  Swi,  Spectrum  of.) 

Morin's  Apparatus.  A  machine  constructed  by  General  Morin  to  illustrate  the 
laws  of  falling  bodies.  It  consists  of  a  cylinder  capable  of  rotation  about  a  vertical 
axis,  and  caused  to  revolve  by  the  descent  of  a  weight  attached  to  a  rope  wound 
round  a  horizontal  axle.  A  toothed  wheel  is  fixed  at  one  end  of  the  axle,  the  teeth 
working  in  an  endless  screw  on  the  upper  extremitv  of  the  axis  of  the  cylinder. 
Uniformity  of  rotation  is  secured  bv  the  action  of  a  fly-wheel,  through  another  end- 
less screw,  on  the  toothed-wheel,  'fhe  cylinder  is  surrounded  with  paper  ruled  with 
horizontal  and  vertical  lines.  A  cylindrical  weight,  fixed  at  the  top  of  the  machine 
when  at  rest  by  a  catch,  carries  a  pencil,  the  point  of  which  is  gently  pressed  by  a 
spring  against  the  surface  of  the  paper.  The  weight  is  detached  by  pulling  a  cord, 
and  is  guided  in  its  fall  by  two  iron  wires  fixed  in  the  vertical  direction.  If  the 
cylinder  did  not  revolve,  while  the  weight  fell,  the  pencil  would  trace  a  vertical  line 
upon  the  surface ;  while  if  the  cylinder  revolved,  but  the  weight  remained  stationary, 
a  horizontal  line  would  be  traced.  When,  however,  the  cylinder  turns  and  the 
weight  falls,  a  curve  is  traced  which  is  found  to  be  a  parabola.  The  effect  is  the 
same  as  if  the  body  were  projected  with  a  uniform  horizontal  velocity  and  allowed 
to  fall  under  the  action  of  gravity.  The  horizontal  velocity  of  the  cylinder  for  each 
unit  of  time  is  known,  and  it  is  found  experimentally  that  the  falling  weight,  at  the 
end  of  a  certain  time,  is  at  a  point  situated  on  the  vertical  line  drawn  from  the  point 
at  which  it  would  have  arrived  if  it  had  moved  horizontally  only,  and  at  distances 
from  that  point  which  increase  as  the  square  of  the  time,  or  as  the  numbers,  1, 4,  9, 
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Fig.  92. 


16,  etc.,  thus  confirming  the  theory  of  falling  bodies  and  coinciding  exactly  with  the 
results  obtained  with  A tt wood's  machine.  (See  Attwood's  machine.)  The  resist- 
ance of  the  air  is  neglected,  the  form  of  the  weight  and  duration  of  the  fall  being 
Buch  as  to  make  this  resistance  inappreciable. 

The  ratio  of  the  velocity  of  the  falling  body  at  any  point  to  the  horizontal  velocity 
of  the  cylinder  is  determined  by  drawing  a  tangent  to  the  curve  at  that  point,  and 
producing  it  to  meet  the  line  representing  the  horizontal  velocity,  and  dividing  the 
perpendicular  distance  of  the  point  from  the  horizontal  line  by  the  length  of  the  line 
intersected  between  the  tangent  and  the  perpendicular.  (See  Falling  Bodies; 
Laws  of  Motion.) 

Morphine.  An  organic  alkaloid  contained  in  opium,  and  constituting  the  most 
important  of  the  numerous  bases  occurring  in  it.  In  the  pure  state  it  crystallizes  in 
colorless  transparent  trimetric  prisms,  very  slightly  soluble  in  cold  water,  alcohol, 
and  ether.  Its  composition  is  C17IL9N03.  It  has  a  bitter  taste,  and  is  a  powerful 
narcotic  much  used  in  medicine.  It  neutralizes  acids  and  forms  a  well  crystallized 
aeries  of  salts. 

Mosaic  Gold.    See  Tin,  Sulphide. 

Moving  Force.  A  term  applied  to  a  pressure  producing  motion  in  a  mass  when 
H  is  measured  by  the  additional  momentum  imparted  to  the  mass  in  a  unit  of  time. 
If  by  acting  for  a  second  of  time  a  force  increase  the  velocity  of  a  body  from  12  feet 
to  20  feet  per  second  the  moving  force  is  the  mass  of  the  body  multiplied  by  8  feet, 
or  the  increase  of  velocity  per  second.  The  moving  force  bears  the  same  relation  to 
the  momentum  as  the  acceleration  does  to  the  velocity,  for  it  is  the  increase  of 
momentum  in  a  second. 

Multiple  Stars.    See  Stars,  Double,  etc. 

Multiplier*,  or  Astatic  Galvanometer,  as  it  is  very  frequently  called,  is  an 

instrument  for  detecting  the  existence  ana  measuring  the  strength  of  an  electric 
current  Its  construction  and  mode  of  action  are  as 
follows.  The  lower  needle  of  a  very  nearly  astatic 
combination  (which  consists  of  two  equal  magnetized 
needles  suspended  horizontally  one  above  the  other 
with  their  like  poles  in  opposite  directions)  (Fig.  92) 
is  surrounded  bv  a  coil  or  wire  within  which  it  can 
turn  freely  round  a  vertical  axis,  the  upper  needle,  of 
course,  turning  with  it.  The  latter  moves  over  a 
circular  card  which  is  placed  above  the  coil  of  wire 
and  on  which  the  degrees  of  the  circle  are  marked. 
The  extremities  of  the  coil  ot  wire  are  brought  to 
binding  screws  or  cups  of  mercury  for  convenience  of 
making  connection  with  any  wire  or  other  body  to  be 
tested ;  and  the  whole  instrument,  except  the  screws 
or  cups,  is  covered  with  a  glass  shade  to  protect  it 
from  currents  of  air.  To  use  the  instrument  it  is 
placed  so  that  the  needles  are  perpendicular  to  the 

axis  of  the  coil,  or,  in  other  words,  in  a  plane  parallel  to  the  plane  of  the  winding 
of  the  coil,  and  the  wires  from  the  supposed  source  of  electricity  are  attached  to  the 
binding  screws  or  mercury  cups.  If  there  be  any  current  passing,  the  needles  will 
tend  to  turn  in  a  direction  perpendicular  to  the  line  in  which  the  current  is  passing, 
the  side  of  the  coil  to  which  the  poles  turn  depending  on  the  direction  in  which  the 
current  is  flowing.  This  instrument  can  be  made  very  delicate,  indeed,  by  increasing 
the  number  of  turns  of  the  coil,  or  by  making  the  needles  very  nearly  equal,  and  there- 
lore  the  system  very  nearly  astatic.  The  more  nearly  equal  they  are  the  less  is  the 
directive  force  of  the  earth  upon  the  system ;  and  it  is  this  that  acts  against  the 
current  which  tends  to  set  the  needles  at  right  angles  to  itself.  It  will  readily  be 
understood  that  the  action  of  all  the  parts  of  the  coil  upon  the  needle  in  its  interior 
k  in  the  same  direction,  that  is,  all  the  parts  conspire  to  turn  the  poles  the  same 
way ;  and  that  the  action  of  the  upper  portion  of  the  coil  on  the  needle  above  it 
also  has  the  same  tendency ;  the  action  of  the  lower  part  of  the  coil  on  the  upper 
needle  is  of  the  opposite  kind  and  tends  to  turn  the  system  round  in  the  other 
direction,  but  as  it  is  mnch  more  distant  it  produces  comparatively  little  effect 

Galvanometers  or  multipliers  similar  to  that  described  above,  made  with  but  a  few 
tarns  of  moderately  thick  copper  wire,  are  constructed  and  known  under  the  rora& 
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thermomultiplier,  and  are  used  in  experimenting  on  currents  produced  by  beat. 
They  are  made  in  this  way  because  the  electromotive  force  of  thermo-currents  is 
very  small,  and  any  resistance  such  as  that  of  a  long  thin  wire  would  so  diminish  the 
current  as  to  make  it  insensible. 

Multiplying  Glasses.  An  amusing  toy,  consisting  of  a  plano-convex  glass, 
having  on  the  convex  surface  various  flat  faces,  each  of  which  being  at  a  different 
angle  from  the  plane  surface  of  the  glass,  forms  a  separate  prism,  having  a  different 
refracting  angle  to  that  of  its  fellows.  When  a  luminous  object,  such  as  a  candle, 
is  viewed  through  these,  as  many  separate  images  of  the  object  are  seen  as  there 
are  faces  to  the  glass,  and  these  are  colored  by  dispersion  more  or  less  as  they  ap- 
proach the  margin. 

Mundic.    See  Iron  Sulphides. 

Mnphrid.    (Arabic.)    The  star  17  of  the  constellation  Bootes. 

Mural  Circle.  An  instrument  for  determining  the  zenith  distances  of  stars, 
and  thence  their  north  polar  distance  and  its  complements  their  declination.  It 
consists  of  a  circle  bearing  a  telescope,  which  revolves  in  the  plane  of  the  meridian, 
the  whole  being  attached  to  a  stone  wall  or  pier  of  solid  masonry. 

Murexid.  A  brilliant  red  and  purple  coloring  matter,  obtained,  among  other 
methods,  by  the  action  of  ammonia  on  alloxantin,  one  of  the  products  of  the  oxida- 
tion of  uric  acid.  It  forms  brilliant  four-sided  prisms,  which  are  of  a  rich  metallic 
green  color  by  reflected  light,  and  garnetrcolored  by  transmitted  light,  and  of 
which  the  formula  is  CJ38N60«  It  dissolves  in  water,  forming  a  rich  purple- 
colored  solution,  which  dyes  silk,  wool,  cotton,  and  leather,  with  very  fresh  and 
brilliant  colors. 

Muriatic  Acid.     {Muria,  sea  salt.)    See  Hydrochloric  Acid. 

Musca.  (The  fly  or  bee.)  A  southern  constellation  formed  by  Bayer.  There 
is  a  small  group  of  stars  now  restored  to  the  constellation  Aries  to  which  the  same 
name  was  given. 

Muscular  Power.  The  muscles  of  an  animal  are  machines  doing  work.  As 
the  .work  done  by  a  steam-engine  is  due  to  the  force  liberated  during  the  combina- 
tion of  the  fuel  with  the  oxygen  of  the  air,  so  the  work  of  the  muscles  is  derived 
from  the  oxidation  of  the  food,  which  is  indeed  the  fuel  of  the  animal  body  from 
which  both  its  work  and  heat  are  obtained.  (See  Food,  Functions  of.)  The  phy- 
siological processes  of  digestion,  absorption,  etc.,  convert  the  whole  of  the  food, 
except  the  portion  excreted  per  anum,  into  blood.  From  the  blood  the  muscles, 
as  well  as  the  other  organs  of  the  body,  are  nourished.  Like  the  rest  of  the  body, 
the  muscles  undergo  constant  disintegration  and  require  constant  renewal.  The 
muscular  tissue  is  substantially  identical  with  albumin  in  composition,  and  the  final 
result  of  its  disintegration  is,  that  it  is  oxidized,  and  a  number  of  more  or  less  simple 
compounds  formed  from  it.  Of  these,  carbonic  acid,  and,  to  some  extent,  water, 
are  excreted  through  the  lungs  and  skin,  while  the  remainder,  of  which  the  most 
important  are  urea,  uric  and  hippuric  acids,  and  creatinin,  pass  away  in  the  urine. 
Oilier  products  of  the  metamorphosis,  notably  lactic  acid  and  crcatin,  undergo  fur- 
ther change  within  the  body. 

The  immediate  origin  of  muscular  power  has  been  the  subject  of  much  study 
within  the  last  ten  years.  It  was  long  believed,  chiefly  on  the  authority  of  Liebig, 
that  this  power  was  derived  exclusively  from  the  oxidation  of  the  muscular  tissue 
itself.  But  it  has  been  conclusively  proved  that  this  is  not  the  case.  About  15 
per  cent,  of  the  weight  of  dry  muscle  consists  of  nitrogen,  and  as  the  whole  of  the 
nitrogen  of  the  disintegrated  muscle  is  known  to  be  excreted  in  the  urine,  it  is  ob- 
vious that,  by  ascertaining  the  quantity  of  nitrogen  in  the  urine  excreted  during  a 
certain  period,  we  can  calculate  the  maximum  quantity  that  can  have  been  disinte- 
grated during  that  time.  Now,  in  a  celebrated  experiment  {Phil.  Mag..  June 
1066),  Fick  and  Wislicenus  did  a  definite  amount  of  work  (ascended  the  Faulhorn) 
on  a  non-nitrogenous  diet,  and,  ascertaining  from  the  nitrogen  excreted  the  utmost 
quantity  of  muscle  that  could  have  been  oxidized,  they  found  that  it  was  not  suffi- 
cient to  account  for  more  than  one-third  of  the  work  done.  Subsequent  experi- 
ments by  Frankland  (see  Food)  have  shown  that  the  proportion  of  the  work  which 
could  have  been  derived  from  muscular  oxidation  was  even  less  than  this. 

It  is  now  believed  that  all  oxidation,  whether  of  tissue  or  non-organized  liquid, 
which  takes  place  within  the  muscle,  may  give  rise  to  muscular  contraction,  and  so 
to  work.     The  precise  seat  of  the  oxidation  is  still  doubtful,  though  there  are 


MUSIC. MUSICAL.  469 

strong  grounds  for  thinking  that  it  takes  place  within  the  walls  of  the  capillary 
vessels.  The  force  is  probably  set  free  as  heat  (Haidenhain),  and  is  transformed, 
perhaps  by  the  agency  of  the  nervous  system,  into  work  in  the  substance  of  the 
tissue. 

The  amount  of  force  generated  in  the  human  body  in  twenty-four  hours  varies, 
of  course,  extremely.  If  the  body  remain  unchanged  in  weight,  the  force  generated 
may  readily  be  calculated  from  the  calorific  value  of  the  day's  food.  (See  Food.)  The 
force- value  of  a  bare  subsistence  diet  for  one  day  is  about  700,000  metre  kilogrammes, 
but  with  the  higher  diet  required  for  hard  work,  it  is  twice  or  even  three  times  as 
much  as  this.  The  average  daily  work  of  a  hard-working  laborer  is  about  108,000 
metre  kilogrammes  (350  foot-tons).    The  internal  work  of  the  heart,  lungs,  etc.,  is 

J>robably  about  the  same.    The  remainder  of  the  force  is  directly  evolved  as  heat. 
See  Animal  Heat.) 

Music,  (pottftxq,  from  Mdvoa*  and  W^w?,  any  art  over  which  the  muses  presided.) 
In  the  modern  sense  of  the  term,  music  treats  of  the  combination  of  sounds  in  a 
manner  agreeable  to  the  ear.  For  that  part  of  the  theory  of  music  which  treats 
of  sounds  produced  in  succession  with  musical  notation,  pitch,  duration,  and 
rhythm,  see  Melody.  For  the  relation  of  sounds  produced  simultaneously,  with  the 
Dotation  of  musical  chords,  see  Harmony ;  and  for  the  names  of  musical  intervals, 
and  the  relation  between  the  theories  of  music  and  sound,  see  Musical  Interval, 

Musical  Interval. 

Definiton.  Interval  is  a  term  in  music  used  to  designate  the  mutual  relation- 
ship of  sounds  which  differ  in  pitch,  or  are  differently  represented  on  the  staff. 
Thus  since  the  two  sounds  c-d  differ  in  pitch,  the  relation  between  them  is  an  inter- 
val ;  and  the  sounds  bjft-c  also  form  an  interval,  because,  although  they  are  practi- 
cally of  the  same  pitch,  they  occupy  different  positions  on  the  staff.  Relationships 
of  the  latter  kind,  as  they  only  exhibit  a  difference  on  paper,  are  sometimes  called 
paper  intervals. 

Naming  of  Intervals.  The  language  of  music  supplies  a  name  for  every  possi- 
ble interval.  These  names  are  always  twofold,  one  being  primary  and  the  other 
secondary.  The  primary  name  is  a  numerical  one,  determined  by  the  number  of 
places  or  degrees  (lines  or  spaces)  of  the  staff  embraced  by  the  two  sounds  forming 
the  interval.  Two  sounds  standing  upon  the  same  degree  of  the  staff  form  the  in- 
terval of  a  prime,  e.g.,     #    ft    #      or     *    b     w    .    If  the  two  sounds  occupy  the 

same  degree,  and  arc  also  of  the  same  pitch,  they  are  said  to  be  in  unison,  or  to  form 
an  unison  or  puce  prime;  e.g.,  — # — # — .  That  the  unison  does  not  therefore  con- 
stitute an  interval,  will  be  gathered  from  the  above  definition. 

Two  sounds  embracing  two  places  on  the  staff,  e.g.,  — •— * —  or  — ^— # —  form 


the  interval  of  a  second;  three  places     #  *  #      or  — 9  *  * —  a  third;  four  places 
*** —  or     *m        &  fourth,'  and  so  on. 

The  musical  staff,  while  it  admirably  adapts  itself  to  the  representation  of  the 
musical  tonal  system  generally,  does  not  coincide  quite  so  closely  as  some  persons 
wish  with  the  simple  diatonic  series,  its  successive  degrees  being  all  equidistant, 
while  those  of  the  scale  vary,  being  at  one  time  a  tone,  at  another  a  semitone. 
Moreover,  the  tonal  distance  between  two  sounds  occupying  different  positions  of 
the  staff  may  be  increased  or  diminished  simply  by  the  use  of  "  accidentals,"  with- 
out changing  the  positions  of  the  notes.  Hence  it  is  clear  that  some  more  specific 
designation  than  that  given  by  the  numerical  name  is  required  in  order  to  deter- 
mine the  extent  of  an  interval.  This  is  supplied  by  the  secondary  names,  which 
are  four  in  number,  viz.,  major,  minor,  superfluous  or  augmented,  and  diminished 
or  imperfect. 

The  first  two  are  used  to  distinguish  the  two  different  sizes  of  intervals  which 
are  found  under  each  numerical  name  (except  the  prime),  in  the  diatonic  series 
(major).  Thus  the  second  is  at  one  time  a  semitone,  at  another  a  tone;  the  former 
are  called  minor  seconds,  the  latter  major.  Similarly  the  thirds  are  sometimes  a 
tone  and  a  half  apart,  at  others  two  tones.  It  is  the  same  with  the  fourths,  fifths, 
sixths,  and  sevenths.  There  are  two  sorts  of  each,  differing  by  a  semitone,  the 
smaller  being  called  minor,  the  larger  major. 

Intervals  that  are  one  semitone  less  than  the  minor  interval  of  the  same  numeri- 
cal name  are  said  to  be  diminished  or  imperfect ;  thus  rJJ — ejj  is  a  diminished  third, 
being  one  semitone  less  than  the  minor  third  c—4p.    Intervals  that  are  one  semitone 
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larger  than  the  major  intervals  of  the  same  numerical  name,  are  called  superfluous 
or  augmented.    Thus  c-g  being  a  major  fifth,  c-g%  is  a  superfluous  fifth. 

Superfluous  and  diminished  intervals  may  occur  under  each  numerical  name  except 
the  prime,  of  which  there  is  no  diminished  species,  the  intervals  c— <£  and  c — <fy 
being  both  termed  superfluous  primes. 

Intervals  that  are  more  than  one  semitone  larger  than  the  major,  or  smaller  than 
the  minor,  are  termed  respectively  doubly  superfluous  and  doubly  diminished ; 
e.g.,  e — X  fy  is  a  doubly  diminished  third,  and  c^-— g%  is  a  doubly  superfluous  fiftlL 

The  above  simple  method  of  distinguishing  intervals  is  not  the  one  usually  followed 
in  the  case  of  the  fourth  and  fifth.  Thus  the  fourth  f-b,  consisting  of  three  tones, 
which,  according  to  the  above  method,  is  called  major,  is  by  some  writers  called 
superfluous,  and  by  others  pluperfect  or  tritone,  the  smaller  species,  e.g.,  c-f  (two- 
and  a  half  tones)  being  called  perfect  by  some,  and  by  others,  oddly  enough,  the 
major  fourth. 

Similarly  with  the  fifths,  the  fifth  5-/— containing  two  tones  and  two  semitones — 
and  called  by  the  above  method  the  minor  fifth,  is  more  frequently  known  as  the 
imperfect  or  diminished  fifth  ;  the  other  species  of  diatonic  fifth,  e.g.,  c-g — contain- 
ing three  tones  and  one  semitone — being  called  the  perfect  fifth. 

These  various  designations  of  the  diatonic  fourths  and  fifths  have  arisen  from  an 
endeavor  to  express  by  its  name  something  more  than  the  mere  size  of  these  inter- 
vals, as  for  example,  their  harmonic  character.  The  larger  species  of  fifth  c-g,  and 
the  smaller  species  of  fourth  c-f  are  known,  according  to  an  old  and  nearly  obsolete 
classification  of  intervals  into  concords  and  discords,  as  two  of  the  perfect  concords. 
The  term  perfect  being  given  to  them,  the  other  secondary  terms  were  rendered 
necessary  in  order  to  distinguish  the  remaining  species  of  the  same  intervals  in  the 
diatonic  series.  It  will  be  shown,  however,  further  on,  that  these  so-called  perfect 
fifths  and  fourths  are  not  in  practice  made  absolutely  perfect,  so  that  the  application 
of  the  term,  and  consequently  of  the  others  which  it  renders  necessary,  cannot  be 
maintained  on  the  score  of  correctness,  and  as  they  serve  greatly  to  perplex  the 
learner,  by  throwing  an  air  of  mystery  and  profundity  about  what  is  after  all  only  a 
very  simple  and  non-essential  technical  detail,  it  would  be  well  if  they  were  abolished. 
All  that  is  really  required  in  a  system  of  names  is  that  it  shall  enable  us  to  distin- 
guish one  interval  from  another.  The  terms  major  aud  minor,  as  we  have  used  them, 
together  with  the  other  terms  superfluous  and  diminished,  enable  us  to  do  this,  and, 
as  they  apply  with  equal  appropriateness  to  intervals  of  every  degree,  they  supply 
a  series  of  secondary  names  that  is  at  once  uniform  and  easily  understood. 

In  naming  an  interval  the  rule  is  to  name  the  lower  sound  first,  and  reckon  up- 
wards. If  the  opposite  plan  is  adopted,  it  is  customary  to  add  the  term  under  or 
downwards  ;  e.  g.,  a  is  said  to  be  the  under  third  from  c,  or  the  third  from  c  down- 
wards, the  third  from  c  being  ordinarily  understood  to  signify  the  note  e. 

Inversion.  When  the  lower  sound  of  an  interval  is  raised  or  its  upper  sound  is 
lowered  to  the  extent  of  an  octave,  the  interval  is  said  to  be  inverted,  and  the  result- 
ing interval  is  called  the  inversion  of  the  original  one. 

By  inversion,  primes  become  octaves. 
"         seconds      "       sevenths. 
"         thirds        "       sixths. 
"         fourths      "       fifths. 
Moreover,  by  inversion,  major  intervals  become  minor. 

"         minor  4<  major. 

"         superfluous       "  diminished. 

"         diminished        "  superfluous. 

Equivocal  Intervals.  A  comparison  of  the  tonal  extent  of  different  intervals 
shows  that  one  and  the  same  tonal  distance  may  occur  under  two  or  more  names. 
All  such  intervals  are  said  to  be  equivocal.  Thus  the  tonal  distance  of  one  semitone 
at  one  time  appears  as  a  superfluous  prime  c — cjf,  at  another  as  a  minor  second 
c — dfr.  This  equivocalness  of  intervals  arises  from  the  peculiar  character  of  musical 
notation.  It  is  by  no  means,  however,  a  defect  in  that  notation,  for  by  it  the  scale 
to  which  an  interval  belongs  is  more  easily  determined,  and  by  the  ready  means  it 
affords  in  harmony  of  making  transitions  from  one  scale  to  another  it  is  the  source 
of  many  very  pleasing  harmonic  effects,  which  probably  might  not  have  been  dis- 
covered but  for  the  existence  of  this  equivocalness. 
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The  particular  instance  quoted  above,  viz .,  c — cjf  and  c — dlj,  has  given  rise  to  the 
introduction  of  two  technical  terms  into  the  language  of  intervals  which  require 
notice.  The  superfluous  prime  c — c%  inasmuch  as  it  cannot  be  represented  without 
the  use  of  a  chromatic  sign,  is  called  the  chromatic  semitone,  whereas  the  minor 
second  c — dp,  as  it  occurs  in  some  diatonic  series  (e.  g.,  in  scales  of  Dj?,  Efr,  A(?,  etc.), 
it  called  the  diatonic  semitone. 

Intervals  mathematically  considered.  In  the  foregoing  treatment  of  our  subject 
the  semitone  is  considered  the  smallest  musical  interval,  the  octave  being  divided 
into  twelve  such  intervals,  and  the  major  scale  series  consisting  of  seven  sounds  suc- 
ceeding each  other  by  the  well-known  order  of 

Tone,  Tone,  Semitone,  Tone,  Tone,  Tone,  Semitone, 

the  tones  being  in  each  case  exactly  double  the  size  of  the  semitones. 

This  is  in  fact  a  correct  description  of  the  system  of  sounds  in  use  amongst  practi- 
cal musicians,  and  for  practical  purposes  simply  we  might  stop  here.  But  when  the 
scientific  basis  of  the  scale  is  examined,  it  is  found  that  this  relation  of  the  intervals 
does  not  exactly  coincide  with  the  natural  relation. 

All  sounds  are  produced  by  the  vibrations  of  bodies,  and  as  by  varying  the  rate 
of  vibration,  or,  wnich  is  the  same  thing,  the  length  of  the  vibrating  body,  sounds 
are  altered  in  pitch,  it  will  be  seen  at  a  glance  that  the  figures  expressing  the  rate 
of  vibration,  or  the  length  of  the  sound-producing  body,  afford  a  convenient  mode  of 
expressing  the  relation  of  sounds  more  exact  and  intelligible  than  the  ordinary  and 
somewhat  vague  notation  employed  in  music. 

It  is  found  from  the  monochord  (see  Monochord),  that  whatever  sound  is  pro- 
duced when  the  whole  string  is  made  to  vibrate,  the  octave  of  that  sound  is  produced 
when  half  the  length  of  the  string  only  is  made  to  vibrate.  Hence  a  note  is  said  to 
be  related  to  its  octave  in  the  ratio  1 :  J. 

Again,  if  two-thirds  of  the  string  be  made  to  vibrate  the  fifth,  the  major — or  so- 
called  perfect  fifth — is  produced.  So  that  a  key-note  is  related  to  its  fifth  by  the 
ratio  1 :  f . 

In  the  same  way  the  fourth — the  minor  or  so-called  perfect  fourth — is  found  to  be 
produced  by  three-fourths  of  the  string.  A  key-note  is  to  its  fourth  sound  therefore 
as  1 : }. 

Still  further,  the  major  third  is  found  to  be  produced  by  four-fifths  of  the  string ; 
hence  its  relationship  to  the  key-note  is  represented  by  the  ratio  f  :  1. 

By  combining  the  above  ratios,  the  lengths  of  string  required  to  produce  the 
remaining  sounds  of  the  scale  may  be  obtained.  Thus  the  sixth,  being  a  major  third 
above  the  fourth,  is  found  by  the  proportion  as  l:f::J  =  ij  =  }  =  the  sixth 
major. 

The  seventh  being  a  major  third  above  the  fifth,  is  found  by  similarly  combining 
the  ratios  f  and  }  =  ,\. 

The  second  being  a  minor  (perfect)  fourth  below  the  fifth,  may  be  found  by  com- 
bining the  ratios  J  :  1 : :  §  =  J. 

In  this  way  a  fractional  expression  is  obtained  for  all  the  sounds  of  the  scale,  viz : — 
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The  fractions  represent  not  only  the  proportionate  lengths  of  string  required  to 
produce  the  various  sounds,  but  also  the  relative  speed  of  the  vibrations.  Thus  for 
the  fifth  of  the  scale  the  three  vibrations  should  take  place  in  the  time  of  two  of 
those  of  the  key-note.  For  the  fourth,  four  vibrations  should  take  place  in  the  time 
of  three  of  the  key-note,  and  so  on.  If  we  call  the  note  produced  by  512  vibrations 
per  second  C,  the  numbers  of  vibrations  of  the  notes  of  the  scale  commencing  with 
C,  will  be  as  follows : — 


0 

D 

E 

F 

G 

A 

B 

C 

512 

576 

640 

680 

.    768 

856 

960 

1024 

These  numbers  have  the  ratios  indicated  above.  If  it  be  asked  what  notes  of  the 
scale  will  chord  most  completely  when  sounded  simultaneously,  we  have  but  to  select 
those  represented  by  the  simplest  ratio,  as,  for  example,  1st  C  and  C  or  Do  and  Do ; 
2d  C  and  G,  or  Do  and  Sol ;  3d  C  and  F,  or  Do  and  Fa,  and  so  on. 
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Let  us  now  see  how  the  system  of  scale  used  in  the  musical  art  adapts  itself  to  the 
natural  scale.  First  let  us  compare  with  it  the  series  of  equal  semitones  by  reducing 
the  above  fractions  to  whole  numbers  having  the  same  ratios,  and  placing  them  side 
by  side  with  similar  numbers  corresponding  to  the  series  of  mean  semitones.  This 
may  be  done  by  representing  the  length  of  string  which  will  produce  the  first  by  3C0, 
then  the  other  lengths  will  be— 


Do 

Re 

Mi 

Fa 

Sol 

La 

Si 

Do 

360 

320 

288 

270 

240 

216 

192 

180 

The  interval  360-180  may  be  divided  into  12  equal  parts  such  that  the  ratio  of 
any  two  is  constant  thus :  Let  x  be  the  fraction  which  must  multiply  each  number 
to  give  that  of  tfie  semitone  above.  When  the  operation  is  repeated  12  times,  the 
360  is  reduced  to  180,  therefore  360  X  x12  «=  180.  Trom  this  we  obtain  x  =  .943875, 
360  X  .9438  =  339.795,  this  number  multiplied  by  .9438  gives  320.724,  and  so  on. 
The  table  of  mean  semitones  is  therefore  as  follows : — 


Mean  Semitones. 

Key-note 
1st  Semitone 
2d 


M 
tt 
It 


3d 

4th 

5th 

6th 

7th 

8th 

9th 

10th 

11th 

12th  or  Octave 


it 
« 

tt 


Length  of  String  for  the 

Length*  of  String  for  th 
Natural  Notes. 

Mean  Semitones. 

.    360.000 

•        .        ( 

.    360  =  Key-note. 

.    339.795 

•        • 

•        • 

.    320.724 

•        •        < 

.    320  «=  Second. 

.     302.723 

*        . 

•        • 

.     285.732 

•        .        i 

.    288  -»  Third. 

.     269.695 

•        • 

.    270  mm  Fourth. 

.     254.558 

•        • 

•        • 

.    240.771 

•        •        < 

.    240  =  Fifth. 

.    226.786 

•        •        < 

i               • 

.    214.057 

•        •        < 

.    216  =  Sixth. 

.     202.043 

•        •        < 

i               • 

.     190.703 

.        .        i 

.    192  =  Seventh. 

.     180.000 

•        •        i 

.    180  =  Octave. 

By  this  it  appears  the  intermediate  sounds  of  the  natural  scale  arc  produced  by 
strings  a  trifle  shorter  than  those  which  produce  the  nearest  approximating  sounds 
on  the  series  of  mean  semitones,  and  that  consequently  the  latter  are  a  trifle  more  or 
less  lower  in  pitch. 

These  differences  appear  still  more  obvious  when  the  intervals  of  the  natural  scale 
are  expressed  in  mean  semitones  reckoned  from  the  key-note  to  each.    Thus — 


Key-note 
Second 

from  key-note     . 

•        ■ 

Interval*  in  Mean 
Senmone. 

.       0.0000      ) 
.       2.0391      J 

Consecutive 
Intervals. 

=  2.0391. 

Third 

« 

•       • 

.      3.8631 

i 

=  1.8240. 

Fourth 

•       • 

.      4.9804 

} 

=  1.1173. 

Fifth 

•       • 

.      7.0195 

i 

■»  2.0391. 

Sixth 

tt 

•              m 

.      8.8436 

} 

=  1.8241. 

Seventh 

tt 

•              ■ 

.    10.8827 

\ 

=  2.0391. 

Eighth 

it 

•               • 

.    12.0000 

t 

— 1.1173. 

This  shows  that  the  gradations  of  the  natural  scale  measured  in  mean  semitones, 
are  of  three  different  sizes,  viz. : —  • 

2.0391,    1.8340,  and  1.1173. 

These  are  called  respectively  the  major  tone,  the  minor  tone  and  the  limma.    The 
difference  between  the  major  and  minor  tone  is  .2151  of  a  mean  semitone,  and  is 
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called  a  comma.    The  order  of  the  intervals  of  the  natural  scale  is,  therefore,  as 
follows  when  t  «=  major  tone,  t,  the  minor  tone,  and  $  the  limma : — 

C  D  EF  G  A  BO 

t  t,       $       t  tt  to 

Suppose  an  instrument  like  the  pianoforte,  harp,  or  organ  were  provided  with 
strings  tuned  for  one  such  scale,  say  the  scale  of  C.  Then  let  it  be  reauired  to  play 
over  the  scale  upon  any  one  of  its  sounds,  say  upon  its  dominant  G.  We  should  find 
that  the  first  interval  g-a  is  a  ty  whereas  it  should  be  a  tr  For  the  A  of  the  key  of 
G,  therefore,  a  string  would  be  required  one  comma  higher  than  the  A  of  the  key 
of  C.  By  pursuing  this  experiment  it  would  be  found  that  in  order  to  supply  the 
musician  with  a  similarly  perfect  scale  upon  every  sound  he  employs,  an  almost  infi- 
nite number  of  strings  would  be  required.  This  would  render  the  mechanism  of 
keyed  instruments  so  complex,  that  if  it  were  possible  to  arrive  at  absolute  perfec- 
tion in  their  construction  and  tuning,  it  would  be  next  to  impossible  to  play  upon 
them.  Again,  the  human  ear  is  not  capable  of  distinguishing  such  infinitesimal 
differences  in  the  pitch  of  sounds  as  those  existing  between  the  sounds  of  the  natural 
scale  and  those  of  the  more  artificial  one  obtained  from  the  series  of  mean  semitones. 
Hence  it  is  that  practical  musicians  content  themselves  with  the  latter  simple  divi- 
sion of  the  octave  on  each  sound  of  which  an  equal  scale  may  be  based.  For  though 
none  of  these  scales  are  absolutely  perfect  mathematically  considered,  the  imperfec- 
tions are  too  slight  either  to  affect  the  melody  of  their  intervals  or  the  agreeableness 
of  their  harmonic  combinations. 

Musical  Scale.    See  Gamut. 

Mustard,  Oil  o£    See  Allyl  Alcohol. 

N 

Nadir.  (Arabic.)  The  point  of  the  celestial  sphere  vertically  beneath  the  observer. 

Naphtha.  (Persian ;  Arabic,  Na/th,  Nafatha,  to  boil.)  This  word  is  applied 
to  many  liquids  somewhat  similar  in  physical  properties,  but  differing  chemically. 
It  was  originally  used  to  designate  inflammable  liquids  issuing  from  the  earth  in 
certain  countries,  but  it  has  since  been  allowed  to  include  most  of  the  lighter  and 
more  volatile  inflammable  liquids  obtained  by  destructive  distillation  or  from  mineral 
oils.  Coal  Naphtha  consists  in  a  great  measure  of  commercial  benzol  and  its  homo- 
logues.  Mineral  naphtha  or  petroleum  oil  is  a  complicated  mixture  of  hydrocarbons, 
consisting  almost  entirely  of  the  series  of  alcoholic  hydrides.  Wood  naphtha  is  a 
name  sometimes  given  to  impure  methylic  alcohol. 

Naphthaline.  An  organic  substance  obtained  as  a  by-product  in  the  manufac- 
ture of  coal-gas  and  the  distillation  of  naptha.  It  is  in  the  form  of  brilliant  white 
crystalline  scales,  having  a  strong  odor,  resembling  that  of  coal-gas ;  it  is  insoluble 
in  water,  bnt  readily  so  in  alcohol,  ether,  and  most  oils.  Composition  C,0Hh.  Spe- 
cific gravity  1.153  when  solid  ;  0.9778  when  melted.  It  readily  sublimes  and  con- 
denses in  rhombic  plates ;  it  melts  at  175°  F.,  and  boils  at  424°  F.,  although  it 
volatilizes  slowly  at  the  ordinary  temperature.  Naphthaline  is  a  substance  which 
has  attracted  the  attention  of  chemists  for  many  years,  as  it  is  obtained  in  enormous 
quantities,  and  is  for  the  most  part  thrown  away.  Recently,  attempts  have  been 
made  to  ntilize  it  in  the  manufacture  of  coloring  matters,  and  some  of  its  compounds 
and  derivatives  appear  likely  to  be  of  commercial  importance  in  this  respect.  Its 
derivatives  and  products  of  decomposition  are  exceedingly  numerous  and  complicated, 
and  thev  have  been  the  subject  or  examination  by  many  eminent  chemists.  A  mere 
list  of  the  names  of  these  substances  would  fill  several  pages. 

Naphthylamine.  An  organic  base  prepared  from  naphthaline.  It  consists  of 
fine  yellowish-white  crystalline  needles,  and  has  a  most  disgusting  odor.  Composi- 
tion C10HjN.  It  forms  well  defined  crystalline  salts  with  acids,  and  some  of  its  com- 
pounds and  products  of  decomposition  are  likely  to  be  of  great  commercial  value  as 
coloring  matter.  By  acting  on  its  hydrochlorate  with  nitrite  and  hydrate  of  potassium, 
a  compound  is  produced  which  has  been  called  azodinavhthyl diamine,  which  crystal- 
lizes in  splendid  needles,  having  a  bright  green  metallic  reflection.  It  melts  to  a 
blood-red  liquid,  and  colors  boiling  water  yellow.    Acids  color  the  solutions  deep 
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violet,  forming  salts  which  crystallize  with  very  brilliant  colors.  This  base  and  its 
compounds,  or  derivatives,  are  met  with  in  commerce  nnder  various  names  as  color* 
ing  matters. 

Harcotine.  An  alkaloid  contained  in  opium  to  the  extent  of  6  or  8  per  cent ;  it 
crystallizes  in  colorless  transparent  prisms,  insoluble  in  cold  water,  and  only  slightly 
so  in  hot;  it  is  dissolved  by  alcohol  and  ether,  although  not  freely.  Formula 
CwHwN07.  It  is  a  strong  narcotic,  although  not  so  powerful  as  morphia.  Narco- 
tine  was  the  subject  of  some  elaborate  investigations  by  Dr.  Matthiessen,  who  made 
some  important  discoveries  respecting  its  constitution. 

Hath.     (Arabic.)    The  star  0  of  the  constellation  Taurus. 

Nautical  Almanac.    See  Ephemeris. 

Nautical  Astronomy.  This  term  has  been  used  to  describe  those  parts  of  as- 
tronomy which  bear  in  an  especial  manner  on  navigation,  as  the  rules  for  determining 
longitude  and  latitude,  and  the  like. 

Kebulffl.  (Cloudlets.)  The  name  given  by  astronomers  to  those  celestial  objects 
which  present  a  cloudy  appearance.  There  is  some  difference  of  opinion  as  to  the 
exact  use  of  the  term,  some  astronomers  limiting  the  name  nebula  to  those  celestial 
objects  which  cannot  be  or  have  not  been  resolved  into  discrete  stars,  while  others 
include  under  the  name  all  objects  which,  under  any  telescopic  power,  whether  great 
or  small,  present  a  nebulous  aspect.  According  to  this  latter  usage,  all  star  clusters 
not  resolvable  (even  in  part)  by  the  naked  eye,  would  be  classed  as  nebulae.  As 
the  question  of  the  real  resolvability  of  a  group  is  not  easily  determinable,  it  is  per- 
haps better  that  the  word  nebula  should  be  kept  as  a  convenient  general  term, 
applicable  according  to  the  latter  of  the  above  usages. 

The  ancients  recognized  only  five  nebulous  patches  on  the  heavens.  It  was  not 
until  after  the  invention  of  the  telescope  that  astronomers  began  to  notice  the  exist- 
ence of  many  objects  of  this  class  in  the  sidereal  depths ;  and,  indeed,  even  then, 
many  years  elapsed  before  the  real  importance  of  the  search  for  nebulas  was  recog- 
nized. When  Messier  began  to  form  trie  list  of  103  nebulae  with  which  his  name  is 
associated,  more  southern  than  northern  nebulae  were  known,  the  labors  of  Lacaille 
having  resulted  in  the  discovery  of  several  of  these  objects  in  the  southern  heavens. 
But  even  Messier's  list  must  be  regarded  as  utterly  meagre  when  brought  into  com- 
parison with  the  series  of  discoveries  effected  by  Sir  William  Herschel.  He  sent  in 
fist  after  list  of  nebulas  to  the  Royal  Society,  the  objects  in  each  list  being  counted 
by  hundreds.  So  that  at  the  close  of  his  labors  in  this  department  of  astronomy 
about  2500  nebulae  had  been  added  to  the  catalogue  of  known  objects.  His  son,  Sir 
John  Herschel,  proved  a  worthy  successor  in  these  arduous  labors.  After  undertaking 
a  complete  revision  of  his  father's  observations,  during  the  course  of  which  he  dis- 
covered 500  new  nebulae,  he  proceeded  to  the  South  Cape  and  commenced  the  survey 
of  the  southern  heavens.  During  this  survey  he  discovered  about  1700  southern 
nebulae,  and  reobserved  many  others.  Besides  the  nebulae  discovered  by  these  two 
eminent  astronomers,  a  few  hundreds  have  been  detected  by  other  observers.  The 
noble  catalogue  formed  by  Sir  John  Herschel  includes  nearly  all  that  have  been  de- 
tected, the  few  which  remain  uncatalogued  bringing  up  the  total  perhaps  to  5600  or 
5700  objects  of  this  class.  So  that  if  all  the  discovered  nebulas  could  be  seen  at 
once,  they  would  be  spread  over  the  heavens  about  as  richly  as  the  stars  visible  to 
the  naked  eye. 

Classification  of  the  Nebulas.  Sir  John  Herschel  thus  presents  his  father's  clas- 
sification of  the  nebulae : — 

1st.  Clusters  of  stars  in  which  the  stars  are  clearly  distinguishable,  these  clus- 
ters being  again  divided  into  globular  and  irregular  clusters. 

2d.  Resolvable  nebulae,  or  such  as  excite  a  suspicion  that  they  consist  of  stars,  and 
which  any  increase  of  the  optical  power  of  the  telescope  employed  may  be  expected 
to  resolve  into  distinct  stars. 

3d.  Nebulae,  properly  so  called,  in  which  there  is  no  appearance  whatever  of  stars ; 
which  again  have  been  subdivided  into  subordinate  classes,  according  to  their  bright- 
ness and  size. 

4th.  Planetary  nebulae. 

5th.  Stellar  nebulae ;  and 

6th.  Nebulous  stars. 

Distribution  of  the  Nebulas.  Sir  William  Herschel  noticed,  during  the  progress  of 
his  survey,  that  the  nebulae  are  not  distributed  at  random  over  the  heavens,  but  ex- 
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hibit  a  "  marked  preference  for  a  certain  district,  extending  over  the  northern  pole 
of  the  Galactic  circle,  and  occupying  the  constellations  Leo,  Leo  Minor,  the  body, 
tail,  and  hind  legs  of  Ursa  Major,  Canes  Venatici,  Coma  Berenices,  the  preceding 
leg  of  Bootes,  and  the  head,  wings,  and  shoulder  of  Virgo."  "  In  this  region,"  adds 
Sir  John  Herscbel,  "  occupying  but  about  one-eighth  of  the  whole  surface  of  the  sphere, 
one-third  of  the  entire  nebulous  contents  of  the  heavens  are  congregated.  On  the 
other  hand  they  are  very  sparingly  scattered  over  the  constellations  Aries,  Taurus ; 
the  head  and  shoulders  of  Orion,  Perseus,  Camelopardalis,  Draco,  Hercules,  the 
northern  part  of  Serpentarius,  the  tail  of  Serpens,  that  of  Aquila,  and  the  whole  of 
Lyra."  lu  the  southern  heavens  a  somewhat  more  uniform  arrangement  exists,  ex- 
cept where  the  nebulae  congregate  within  the  limits  of  the  Magellanic  Clouds,  where 
an  even  greater  richness  of  distribution  prevails  than  in  Virgo  on  the  northern 
heavens. 

Sir  John  Herschel  was  the  first  to  suggest  the  exhibition  of  the  minutiae  of  nebu- 
lar distribution  by  means  of  a  process  of  isographic  charting,  and  he  invented  a  plan 
of  charting  for  the  purpose.  The  present  writer,  distributing  the  nebulas  over  such 
a  chart,  in  accordance  with  their  actual  distribution  over  the  heavens,  has  been  led 
to  recognize  the  existence  of  streams  of  nebulae  over  parts  of  the  southern  heavens 
corresponding  to  the  two  remarkable  star  streams  compared  by  the  ancients  to  the 
river  Eridanus,  and  to  a  stream  of  water  from  the  can  of  Aquarius.  In  the  charts 
exhibiting  this  feature,  only  the  nebulas  included  in  Sir  John  Herschel's  earlier  lists 
were  introduced.  But  Mr.  Cleveland  Abbe  having  arranged,  in  a  suitable  manner, 
the  nebulae  belonging  to  Sir  John  Ilerschers  more  complete  list,  separating  the  ob- 
jects classed  by  Sir  William  Herschel  as  nebulas,  properly  so  called,  from  clusters, 
etc,  the  present  writer  availed  himself  of  the  opportunity  to  form  new  charts,  not 
only  on  tne  polar  isographic  projection  of  Sir  John  Hcrschers,  but  on  two  equato- 
rial isographic  projections.  It  was  interesting  to  notice  how  completely  the  evidence 
fiven  by  tne  chart  formed  from  this  full  list  corresponded  with  the  evidence  given 
y  the  former  chart. — Monthly  Notices  of  the  Astronomical  Society,  vol.  xxix. 
The  general  conclusions  resulting  from  these  charts  are  that — 

1.  The  nebulas  show  a  marked  avoidance  of  the  galactic  zone. 

2.  The  northern  nebulas  form  a  somewhat  irregular  group,  with  but  faint  indica- 
tions of  stream  formation. 

3.  The  nebulae  in  the  southern  heavens  show  a  tendency  to  gather  into  streams 
with  rich  extremities — the  very  converse  of  the  northern  arrangement,  the  borders 
of  thegreat  northern  cluster  being  sparsely  strewn  with  nebulas. 

4.  The  southern  streams  of  nebulas  converge  upon  the  Magellanic  clouds. 
These  laws  apply  to  the  "  nebulae  properly  so-called"  of  Sir  William  Herschel. 

Clusters,  on  the  other  hand,  as  also  planetary  nebulae,  and  irregular  nebulas  (pre- 
sently to  be  further  considered)  show  a  preference  for  the  Milky  Way  as  marked 
almost  as  the  avoidance  of  this  zone  in  the  case  of  irresolvable  nebulas.  And,  fur- 
ther, it  is  noteworthy,  that,  taking  the  nebulas  in  classes  according  to  their  resolva- 
bility,  we  find,  with  gradually  diminishing  resolvability,  a  gradually  diminishing 
preference  for  the  Milky  Way,  then  neutral  dispersion,  and  finally  a  gradually  in- 
creasing avoidance  of  that  zone. 

It  is  difficult  to  explain  these  relations  on  any  theory  which  does  not  include  the 
nebulas  of  all  orders  as  part  and  parcel  of  the  sidereal  system.  Sir  William  Her- 
schel, indeed,  was  long  since  led  to  speak  indirectly  in  favor  of  such  an  association, 
when  he  remarked  that  any  theory  of  the  universe  to  be  complete  must  take  into 
account  the  withdrawal  of  the  nebulas  from  the  galactic  zone.  In  thus  implying  his 
belief  that  that  withdrawal  is  not  accidental,  he  was  in  effect  implying  a  real  asso- 
ciation between  the  sidereal  and  nebular  systems. 

Irregular  and  Globular  Clusters  of  Stars.  These  objects  differ  much  in  charac- 
ter. Amongst  the  irregular  clusters  we  find  many  degrees  of  richness.  But  they 
are  for  the  most  part  less  condensed  than  globular  clusters ;  and  they  fail  especially 
to  show  marked  signs  of  central  condensation.  "  Sir  William  Herschel,"  says  his 
son,  "  regards  them  as  globular  clusters  in  a  less  advanced  stage  of  condensation, 
conceiving  all  such  groups  as  approaching  bv  their  mutual  attraction  to  a  globular 
figure,  and  assembling  themselves  together  from  all  the  surrounding  region,  under 
laws  of  which  we  have,  it  is  true,  no  other  proof  than  the  observance  of  a  gradation, 
by  which  their  characters  shade  into  one  another,  so  that  it  is  impossible  to  say 
where  one  species  ends  or  the  other  begins." 
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Resolvable  Nebula.  These  objects  differ  from  clusters  in  having  generally  no 
visible  outlying  branches.  These  appendages  we  are  not  to  consider  as  necessarily 
non-existent,  even  where  the  most  powerful  telescope  fails  to  reveal  them.  As  Sir 
John  Herschel  justly  remarks,  "  It  is  under  the  appearance  of  objects  of  this  charac- 
ter that  all  the  greater  globular  clusters  exhibit  themselves  in  telescopes  of  insuffi- 
cient optical  power  to  show  them  well ;  and  the  conclusion  is  obvious,  that  those' 
which  the  most  powerful  can  barely  render  resolvable,  and  even  those  which,  with 
such  powers  as  are  usually  applied  show  no  sign  of  being  composed  of  stars,  would 
be  completely  resolved  by  a  further  increase  of  optical  power.  In  fact  this  proba- 
bility has  almost  been  converted  into  a  certainty  by  the  magnificent  reflecting 
telescope  constructed  by  Lord  Rosse,  which  has  resolved  or  rendered  resolvable  mul- 
titudes of  nebulae  which  had  resisted  all  inferior  powers."  Most  of  the  resolvable 
nebulae  are  circular  in  form,  and  it  is  a  most  striking  circumstance  that  nearly  all 
oval  nebulas  are  much  more  difficult  to  resolve  than  circular  ones,  so  that  most  of  the 
irresolvable  nebulce  next  to  be  considered  exhibit  this  peculiarity  of  figure. 

Irresolvable  Nebulce.  These  objects  form  the  most  remarkable  of  all  the  orders 
of  nebulae.  They  include  three  principal  varieties  of  form,  elliptic,  spiral,  and  irreg- 
ular. But  the  irregular  nebulae,  though  forming  a  subdivision  of  the  irresolvable 
nebulas,  require  to  be  classed  separately  on  account  of  the  striking  peculiarities  which 
distinguish  them  from  other  irrresolvable  objects.  The  oval  nebulae  are  of  all  orders 
of  ellipticity,  down  to  a  spindle-shaped  or  even  linear  figure.  They  all  exhibit  a 
greater  or  less  degree  of  condensation  towards  the  centre ;  and  it  is  further  note- 
worthy that  "  the  internal  strata  approach  more  nearly  than  the  external  to  the 
spherical  form."  Annular  nebulae  are  "  among  the  rarest  objects  in  the  heavens." 
They  consist  of  a  ring  of  light,  having  a  dark  centre.  A  remarkable  object  of  this 
class  lies  about  midway  between  the  stars  0  and  y  Lyne.  The  ring  is  slightly  ellip- 
tical ;  and  in  telescopes  of  great  power  the  dark  space  within  the  ring  is  seen  to  be 
in  reality  filled  with  a  very  faint  light.  Other  ring  nebulae  have  a  very  elongated 
figure,  the  vacuity  appearing  so  narrow  as  to  resemble  a  dark  line. 

Planetary  Nebula.  These  are  among  the  most  remarkable  objects  in  the  heavens. 
They  present  a  disk  of  faint  light,  the  outline  of  the  disk  being  sometimes  defined 
with  singular  clearness,  at  others  slightly  softened  off.  The  light  of  the  disk  is  some- 
times uniform,  while  in  other  cases  a  peculiar  uniform  mottling  or  curdling  can  be 
recognized.  There  are  but  few  of  these  objects  in  the  heavens,  only  about  25  having 
been  yet  discovered ;  and  of  these  three-fourths  are  in  the  southern  heavens.  Sir 
John  Herschel  remarks  on  the  blue  color  of  some  of  these  objects,  a  peculiarity  ac- 
counted for  by  the  appearance  of  the  spectra  of  those  planetary  nebulae  which  have 
hitherto  been  submitted  to  spectroscopic  analysis.  Sir  John  Herschel  remarks  re- 
specting one  of  the  largest  of  the  planetary  nebulae  (situated  not  far  from  the  star  $ 
Ursse  Majoris)  that  "  its  apparent  diameter  is  2'  40",  which,  supposing  it  placed  at 
a  distance  from  us  not  more  than  that  of  the  star  61  Cygni,  would  implv  a  linear 
diameter  seven  times  greater  than  that  of  the  orbit  of  Neptune.  The  lignt  of  this 
stupendous  globe,"  he  adds,  "  is  perfectly  equable  (except  just  at  the  edge,  where 
it  is  slightly  softened)  and  of  considerable  brightness.  Such  an  appearance  would 
not  be  presented  by  a  globular  space  uniformly  filled  with  stars  or  luminous  matter, 
which  structure  would  necessarily  give  rise  to  an  apparent  increase  of  brightness 
towards  the  centre  in  proportion  to  the  thickness  traversed  by  the  visual  ray.  We 
might,  therefore,  be  inclined  to  conclude  its  real  constitution  to  be  either  tnat  of  a 
hollow  spherical  shell  or  of  a  flat  disk,  presented  to  us  (by  a  highly  improbable  coin- 
cidence) in  a  plane  precisely  perpendicular  to  the  visual  ray."  The  researches  made 
with  the  great  Rosse  telescope  give  to  the  planetary  nebulae  an  aspect  altogether 
different  from  the  mottled  or  uniform  disks  seen  by  the  Herschels.  The  whole  sur- 
face of  the  disk  is  traversed  by  strange  branches  and  sprays  of  faint  light,  giving 
to  the  disk  in  one  instance  an  appearance  somewhat  resembling  the  face  of  some 
uncouth  monster. 

Double  Nebula.  Such  objects  are  occasionally  to  be  met  with.  In  fact,  Sir  John 
Herschel  remarks  that  "  all  the  varieties  of  double  stars,  as  to  distance,  position, 
and  relative  brightness,  have  their  counterparts  in  double  nebulae ;  besides  which, 
the  varieties  of  form  and  gradation  of  light  in  the  latter  afford  room  for  combina- 
tions peculiar  to  this  class  of  objects."  He  expresses  his  opinion  that  the  compo- 
nents of  these  double  systems  are  beyond  all  question  physically  associated,  and  he 
adds  (what  will  be  admitted  at  once  as  true,  if  only  the  nebulae  are  indeed  to  be  re- 
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garded  as  external  galaxies),  that  "  nothing  more  magnificent  can  be  presented  to 
oar  consideration  than  such  combinations.  Their  stupendous  scale,  the  multitude 
of  individuals  they  involve,  the  perfect  symmetry  and  regularity  which  many  of  them 
present,  the  utter  disregard  of  complication  in  thus  heaping  together  system  upon 
system,  and  construction  upon  construction,  leave  us  lost  in  wonder  and  admiration 
at  the  evidence  they  afford  of  infinite  power  and  unfathomablo  design." 

Spiral  Nebulce.  These  objects  now  form  a  class  by  themsel  ves.  Their  true  nature 
was  not,  in  the  first  instance,  recognized.  For  example,  the  nebula  51  Messier,  as 
seen  by  Sir  William  Herschel,  with  an  18-inch  reflector,  presented  the  appearance 
of  a  large  bright  globular  nebula,  very  unequally  bright  in  different  parts,  and 
divided  alon £  about  two-fifths  of  its  circumference  into  two  laminae,  "  one  of  which 
appeared  as  if  turned  up  towards  the  eye  out  of  the  plane  of  the  rest."  It  was  this 
peculiar  appearance  which  led  Sir  William  Herschel  to  regard  this  particular  nebula 
as  a  galaxy  resembling  the  sidereal  system,  to  which  system,  as  we  know,  his  re- 
searches had  led  him  to  assign  the  figure  of  a  cloven  disk.  But  in  the  great  teles- 
cope of  Lord  Kosse  the  aspect  of  the  object  is  wholly  altered.  What  had  appeared 
as  an  upraised  lamina,  was  now  found  to  be  the  coil  of  an  enormous  spiral.  Lord 
Kosse  detected  several  other  spirals,  and  Mr.  Lassell  with  his  fine  four-feet  mirror  at 
Malta  has  added  importantly  to  the  list  of  these  interesting  objects. 

Nebulous  Stars.  Nebulae  are  often  found  in  close  association  with  stars.  We 
may  find,  for  example,  a  bright  star  centrally  situated  within  a  circular  nebula,  or 
two  bright  stars  apparently  associated  in  as  close  a  manner  with  a  double  nebula, 
or  again,  a  pair  of  double  stars  severally  associated  with  two  well-defined  nebulae 
close  enough  together  to  seem  to  form  a  pair.  It  is  not  easy  to  regard  such  associa- 
tions as  accidental,  and  accordingly  we  find  that  Sir  William  Herschel  was  led  to 
adopt  with  respect  to  nebulae  of  this  order,  a  theory  wholly  distinct  from  that  by 
means  of  which  he  explained  the  clustering  resolvable  and  irresolvable  nebulae.  He 
regarded  these  objects  as  in  reality  stars  in  process  of  formation,  the  nebulous  matter 
gathering  towards  a  centre,  and  the  whole  object  thus  presenting  the  appearance  of 
an  unformed  sun  with  nebulous  surroundings.  It  seems  difficult,  however,  in  the 
present  state  of  our  knowledge  to  accept  this  view  without  extending  the  law  of 
association  to  other  objects,  in  fact  to  nearly  all  the  known  orders  of  nebulae,  stellar 
or  gaseous. 

irregular  Nebulce.  These  are  perhaps  the  most  remarkable  objects  in  the 
heavens.  They  are  altogether  unlike  all  the  forms  of  nebula  yet  considered,  consist- 
ing apparently  of  fantastic  convolutions  and  folds  of  nebulous  matter,  extending 
without  any  visible  law  of  arrangement  throughout  enormous  regions  of  space.  •'  No 
two  of  them  can  be  said  to  present  any  similarity  of  figure  or  aspect,"  says  Sir  John 
Herschel,  though  one  may  perhaps  make  an  exception  in  favor  of  the  great  nebula 
round  Eta  Argus  and  the  nebula  in  Dorado,  which  certainly  seem  to  have  some  fea- 
tures in  common.  With  the  exception  of  the  last-named  nebula,  all  the  irregular 
nebulae  lie  in  or  near  the  Milky  Way,  that  which  lies  farthest  from  the  galaxy  being 
the  great  nebula  surrounding  the  sword  handle  of  Orion.  "  But  this  very  situation," 
gays  Sir  John  Herschel,  "  may  be  adduced  as  a  corroboration  of  the  general  view 
wnich  this  principle  of  localization  suggests.  For  the  place  in  question  is  situated 
in  the  prolongation  of  that  faint  offset  of  the  Milky  Way  which  has  been  traced 
from  a  and  t  Persei  towards  Aldebaran  and  the  II  vades,  and  also  in  the  zone  of 
great  stars  which  seems  to  form  an  appendage  of  that  stratum."  He  adds  that  it 
would  seem  to  follow  from  this,  almost  as  a  matter  of  course,  that  they  must  be 
regarded  as  outlying,  very  distant,  and  as  it  were  detached  fragments  of  the  great 
stratum  of  the  galaxy.  Isrow  it  is  of  extreme  importance  to  notice  that  while,  on 
the  one  hand,  this  view,  that  the  irregular  nebulae  are  associated  with  the  galaxy, 
presented  itself  to  so  skilful  an  astronomer  as  "  almost  a  matter  of  course,"  the  re- 
sults of  spectroscopic  analysis  show  that  the  idea  of  great  distance  associated  by  Sir 
John  Herschel  with  these  nebulous  masses  is  not  consistent  with  what  we  know  of 
the  nature  of  their  structure.  We  are  certain  that  whether  these  masses  are  more 
distant  or  not  than  the  stellar  parts  of  the  galaxy,  this  zone  would  not,  as  Sir  John 
goes  on  to  suggest,  by  mere  increase  of  distance,  come  to  exhibit  the  same  charac- 
teristics as  the  irregular  nebulae.  For  the  galactic  masses  would  never  appear  as 
gaseous  masses  under  spectroscopic  research,  let  their  distance  be  increased  ever  so 
much,  and  it  is  as  gaseous  masses  that  the  irregular  nebulae  have  come  to  be  regarded. 
It  seems,  indeed,  far  more  reasonable  to  suppose  with  Sir  William  Herschel  that  the 
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great  nebula  in  Orion  is  nearer  than  the  stars  seen  in  the  same  field  of  view  with  it, 
than  to  imagine  that  its  nebulous  aspect  is  due  to  vastness  of  distance.  It  is,  indeed, 
well  worthy  of  careful  notice  that  the  irregular  nebulae  are  found  always  in  associa- 
tion with  parts  of  the  heavens  where  lucid  stars  are  richly  distributed.  So  that  it 
seems  conceivable  that  we  recognize  in  these  regions,  owing  to  their  relative  prox- 
imity, the  existence  of  matter  which  in  reality  surrounds  also  many  of  the  more 
distant  groups  of  stars.  There  are  four  great  regions  of  irregular  nebulous  matter, 
that  of  Orion,  that  of  Argo,  that  of  Cygnus,  and  that  of  Sagittarius,  the  nebulas  be- 
longing to  the  two  former  regions  being  the  more  remarkable,  though  all  four  groups 
present  features  of  special  interest,  and  promise  to  afford  the  thoughtful  astronomer 
information  of  great  value  respecting  the  structure  of  the  universe. 

The  great  nebula  which  surrounds  the  star  17  Argus,  merits  a  separate  account,  as 
it  exhibits  certain  characteristics  wholly  distinct  from  those  which,  so  far  as  has  vet 
been  seen,  belong  to  other  objects  of  the  same  class.  The  star  with  which  this 
nebula  is  associated  is  one  of  a  very  remarkable  character  (see  Stars,  Temporary), 
and  the  nebula  itself  seems  no  less  variable  than  the  star.  It  may  seem  unduly 
speculative  to  assert  that  this  peculiarity,  that  the  most  remarkable  variable  star 
in  the  heavens  thus  seems  to  be  associated  with  the  most  remarkable  variable  nebula, 
is  of  itself  a  proof  of  real  association.  There  arc,  however,  other  signs  of  association 
which  seem  to  confirm  this  view.  We  follow  Sir  John  Herschel's  account  of  the 
position  and  character  of  the  nebula.  "  The  whole  is  situated/'  he  tells  us,  "  in  a 
very  rich  and  brilliant  part  of  the  Milky  Way,  so  thickly  strewn  with  stars  that  in 
the  area  occupied  by  the  nebula  not 'less  than  1200  have  been  actually  counted." 
Respecting  these  he  asserts  that  they  have  obviously  no  connection  with  the  nebula, 
a  view  which  may  be  regarded  as  fairly  open  to  question  where  no  proof  in  its  favor 
can  (from  the  nature  of  the  case)  be  offered.  Then  he  proceeds,  "  It  is  not  easy  for 
language  to  convey  a  full  impression  of  the  beauty  ana  sublimity  of  the  spectacle 
which  this  nebula  offers,  as  it  enters  the  field  of  view  of  a  telescope  fixed  in  right 
ascension,  ushered  in  as  it  is  by  so  glorious  and  innumerable  a  procession  of  stars,  to 
which  it  forms  a  sort  of  climax."  The  discovery  that  the  nebula  is  variable,  and 
that  the  variation  is  of  a  very  marked  character,  opposes  itself  strikingly  to  Sir  John 
Herschcl's  conclusion  that  in  "  looking  at  the  Argo  nebula  we  see  through  and  be- 
yond the  Milky  Way,  far  out  into  space  through  a  starless  region,  disconnecting  it 
altogether  with  our  system."  The  scale  on  which  the  nebula  is  constructed  is  in- 
creased enormously  on  this  view,  and  the  variability  of  the  nebulous  masses  becomes 
a  proportionately  more  amazing  problem.  Thus  M.  Le  Seucr,  of  the  Melbourne 
Observatory,  in  announcing  his  discovery  that  the  nebula  is  really  variable,  expressed 
his  belief  that  it  lies  nearer  to  us  than  the  stars  seen  in  the  same  field  of  view. 
More  recently,  however,  finding  that  the  spectrum  of  the  star  Eta  Argus  exhibits 
the  same  bright  lines  as  the  nebula,  he  has  expressed  the  opinion  that  the  star  is 
probably  in  some  way  associated  with  the  nebula,  a  view  which  the  present  writer 
nad  put  forward  two  years  before  for  other  reasons. 

Variable  and  Temporary  Nebula.  Other  nebulae  besides  that  around  the  star 
Eta  Argus  have  been  found  to  be  variable.  Some  nebulae  have,  indeed,  vanished 
altogether  from  view.  On  October  11,  1852,  Mr.  Hind  discovered  a  nebula  in  Tau- 
rus, which  had  not  before  been  seen  ;  and  d' Arrest  reobserved  this  nebula  in  1855 
and  1856.  But  in  October  3, 1861,  d' Arrest  could  not  find  it.  "  I  cannot  find  a  trace 
of  it,"  he  says,  '•  though  it  was  observed  once  and  again  by  me  in  the  years  1855  and 
1856,  and  its  place  four  times  determined."  At  the  close  of  1861  the  nebula  could  just 
be  seen  by  M.  Otto  Struve,  with  the  great  refractor  of  the  Pulkowa  Observatory, 
and  in  March,  1862,  it  was  comparatively  a  bright  object.  Another  nebula  was  dis- 
covered by  Mr.  Tuttle,  on  September  1, 1859,  which  was  so  brilliant  and  remarkable 
that  d' Arrest  thinks  it  could  not  possibly  have  been  overlooked  by  the  Herschels 
had  it  been  so  conspicuous  when  tney  swept  the  heavens  with  their  great  reflectors. 
In  the  Pleiades.  "  certainly  the  last  place  in  the  heavens,"  says  Sir  John  Ilerschel, 
"  in  which  the  discovery  of  a  new  nebula  would  have  been  expected,"  a  large  bright 
nebula  was  detected  by  Tern  pel,  on  October  19,1859.  Mr.  Ilind  has  also  often 
suspected  nebulosity  about  some  of  the  outlying  stars  of  the  Pleiades.  Mr.  Pogson 
observed,  on  May  28,  1860,  that  in  the  place  occupied  previously  by  the  bright  and 
very  conspicuous  nebula  80  Messier,  a  star  of  the  seven-eighth  magnitude  bad  made 
its  appearance.  On  the  9th  of  May  this  nebula  had  presented  its  usual  aspect.  On 
June  10th  the  stellar  appearance  had  passed  away,  but  the  nebula  was  still  unusually 
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bright  and  condensed.  Professor  Luther  and  M.  Auwere  had  also  noticed  the  change 
as  early  as  May  21st,  ratiug  the  star  then  as  of  the  six-seventh  magnitude.  On 
June  10th  the  nebula  had  nearly  vanished. 

Certainly  such  observations  as  these  lend  little  encouragement  to  the  theory  that 
the  nebulae  are  external  star-systems  resembling  our  own  sidereal  system  in  character. 

Hebular  Hypothesis.  A  theory  by  which  Laplace  endeavored  to  account  for 
the  principal  features  of  the  solar  system,  as  due  to  a  regular  process  of  develop- 
ment by  which  that  system  has  reached  its  present  condition.  The  Newtonian 
theory  accounts  for  certain  distinctive  features  of  the  solar  system,  but  leaves  others 
unexplained.  We  can  by  means  of  the  law  of  gravitation  interpret  the  fact  that 
the  planets  revolve  in  elliptic  orbits,  that  a  line  drawn  from  any  planet  to  the  sun 
traces  out  equal  areas  in  equal  times,  and  that  the  cubes  of  the  mean  distances  of 
the  planets  are  severally  proportional  to  the  squares  of  the  periodic  times.  But 
we  have  no  explanation,  under  the  Newtonian  hypothesis,  of  other  characteristic 
peculiarities  of  these  orbital  motions.  Gravity  tells  us  that  the  planetary  orbits, 
if  nearly  circular  at  one  time,  would  continue  so  for  an  indefinite  period,  but  not 
how  it  has  come  to  pass  that  they  are  nearly  circular.  Gravity  tells  us,  again, 
that  the  planetary  orbits,  if  at  any  one  time  nearly  approximating  to  a  single 
plane,  would  continue  to  exhibit  that  peculiarity  for  an  indefinitely  long  period, 
trat  not  why  those  orbits  came  to  have  tnat  special  attribute.  Again,  gravity  does 
not  explain  why  all  the  planets  should  travel  in  one  direction  around  the  sun ;  nor 
why  it  should  be  a  general  characteristic  of  the  satellites'  motions  that  they  should 
take  place  in  one  direction,  and  that  direction  the  same  as  that  in  which  the  planets 
revolve  around  the  sun ;  nor,  lastly,  does  gravity  explain  why  the  planets  should 
rotate  on  their  axes  in  the  same  direction,  and  that  direction  still  identical  with 
the  direction  of  the  plane tery  revolutions.  Now,  unless  we  are  to  assume  the  direct 
action  of  a  First  Cause  as  operative  in  the  matter,  we  are  compelled  by  the  laws 
of  probability  to  recognize  the  fact  that  these  relations  indicate  the  operation  of 
law.  Whether  we  are  justified  in  regarding  any  phase  of  the  processes  of  nature 
as  representing  the  direct  action  of  the  Creator,  whether,  in  fact,  the  range  of  our 
researches  can  be  expected  to  indicate  to  us  the  time  when  (in  our  own  system  or 
any  other)  such  a  cause  was  in  operation,  is  a  question  to  which  different  minds 
will  give  different  answers.  But  even  those  most  jealously  anxious  lest  anything 
men  may  conclude  should  seem  to  detract  from  a  just  estimate  of  the  Almighty's 
attributes,  will  admit  the  possibility  that  the  action  of  a  First  Cause  is  not  neces- 
sarily to  be  associated  with  the  formation  of  the  solar  system,  but  may,  for  any- 
thing we  can  tell  to  the  contrary,  belong  to  an  antecedent  epoch  infinitely  remote. 
Thus  free  to  consider  at  least  the  possibility  that  the  observed  peculiarities  of  the 
solar  system  may  be  due  to  the  nature  of  the  processes  by  which  it  was  developed 
from  some  former  condition,  let  us  consider  how  far  Laplace's  hypothesis  on  the  sub- 
ject serves  to  account  for  the  observed  relations. 

According  to  the  nebular  hypothesis  the  solar  system  originally  consisted  of  a 
vast  rotating  nebulous  globe  extending  far  out  in  space  beyond  the  orbit  even  of 
distant  Neptune.  This  rotating  globe,  parting  witn  its  heat,  contracted  gradually 
from  its  original  dimensions.  As  this  process  of  contraction  proceeded  the  rotatory 
motion  increased,  and  at  length  became  so  great  that  the  outermost  parts  were  no 
longer  retained  by  their  gravitation  towards  the  centre.  Thus  a  zone  or  ring  of 
nebulous  matter  was  thrown  off;  then  as  the  globe  continued  to  contract  another 
zone  was  formed  in  a  similar  manner ;  and  so  the  process  continued,  a  succession  of 
tones  or  rings  being  formed  in  the  equatorial  plane  of  the  rotating  globe.  "  These 
sooes,"  says  M.  Pontecoulant,  in  expounding  the  views  of  Laplace,  "  must  have 
begun  by  circulating  round  the  sun  in  the  form  of  concentric  rings,  the  most  volatile 
molecules  of  which  formed  the  outer  part  and  the  most  condensed  the  inner.  If  all 
the  nebulous  molecules  of  which  these  rings  are  composed  had  continued  to  cool 
without  disuniting,  they  would  have  ended  by  forming  a  liquid  or  solid  ring.  But 
the  regualr  constitution  which  all  parts  of  the  ring  would  require  for  this  to  hap- 
pen, and  which  they  must  also  have  retained  while  cooling,  would  make  this  result 
extremely  rare."  Generally  a  ring  would  break  into  several  parts,  which  would 
continue  to  circulate  round  the  sun  with  almost  equal  velocity.  "  At  the  same  time 
in  consequence  of  their  separation  they  would  acquire  a  rotatory  motion  round  their 
respective  centres  of  gravity ;  and  as  the  molecules  of  the  outer  part  of  the  ring, 
that  is,  those  farthest  from  the  sun,  would  have  the  greatest  velocity,  the  resulting 
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formed  by  bodies  coming  into  collision  with  velocities  relatively  bo  minute  that  com- 
plete fusion  might  not  be  expected  to  result  in  all  cases,  and  a  low  mean  specific 
gravity  (as  observed  in  the  case  of  our  own  moon  and  the  satellites  of  Jupiter)  might 
result  from  the  existence  of  vast  cavities  in  the  interior  of  these  bodies. 

Nebular  Spectra.  Mr.  Huggins  has  discovered  (Phil.  Trans.,  1868,  p.  529)  that 
the  irresolvable  nebulae  show  spectra,  consisting  of  three  or  four  isolated  bright 
lines,  much  nearer  together  than  those  in  the  cometary  spectra.  From  an  examina- 
tion of  about  seventy  nebulae,  Mr.  Huggins  finds  that  nearly  one-third  give  spectra 
of  this  character,  showing  that  they  are  gaseous,  the  light  of  the  remaining  being 
spread  out  by  the  prism  into  a  spectrum  which  is  apparently  continuous.  Of  the 
bright  lines,  one  appears  to  be  due  to  hydrogen,  and  another  to  nitrogen,  whilst  the 
middle  line  has  not  vet  been  identified.     (See  Spectrum.) 

Needle,  Magnetic.  Primarily  applied  to  a  magnetized  sewing  or  knitting-needle ; 
but  any  straight  magnet  is  called  a  magnetic  needle  according  to  the  present  usage 
of  the  term.  The  term  is  not  unfrequently  employed  to  designate  magnetic  bars  of 
many  pounds  weight. 

Negative  Azifl  of  Crystals.  See  Positive  Axis  of  Crystals ;  Crystals,  Optic 
Axis  of. 

Negative  Conductor.  The  part  of  an  electric  machine  at  which  negative  electri- 
city is  collected.  In  an  ordinary  friction  electric-machine  it  consists  of  a  brass  cyl- 
inder, to  which  the  rubbers  are  attached.    (See  Electric  Machine.) 

Negative  Eye-pieoe.  This  is  the  form  of  eye-piece  most  used  for  telescopes  and 
microscopes.  It  consists  of  a  field-glass  and  an  eye-glass,  each  plano-convex,  the  plane 
surfaces  being  turned  towards  the  eye,  and  the  distance  between  them  being  half  the 
Bum  of  their  focal  lengths.  The  focal  length  of  the  field-glass  is  three  times  that  of 
the  eye-glass.  The  focus  of  this  eye-piece  is  between  the  two  glasses,  and  it  is  there- 
fore not  so  well  adapted  for  use  with  micrometers  as  the  positive  eye-piece.  (See 
Positive  Eye-piece  ;  Micrometer  Eye-piece;  Eye-piece.) 

Nekkar.    (Arabic.)    The  star  0  of  the  constellation  Bootes. 

Neptune.  (Neptunus.)  In  astronomy,  the  most  distant  of  all  the  known  planets, 
and  eighth  in  order  of  distance  from  the  sun.  Neptune  travels  at  a  mean  distance 
of  no  less  than  2,745,998,000  miles  from  the  sun,  his  greatest  distance  being  2,771,- 
190,000,  his  least  2,720,806,000.  Since  the  earth's  mean  distance  from  the  son  is 
91,430,000  miles,  it  follows  that  the  distance  of  Neptune  from  the  earth  varies  from 
about  2,863,000,000  to  about  2.629,000,000  miles.  The  eccentricity  of  his  orbit  is 
small,  amounting  only  to  0.008720.  The  inclination  of  the  orbit  to  the  plane  of  the 
ecliptic  is  1°  47 .  Neptune  is  somewhat  larger  than  Uranus,  his  diameter  being 
estimated  to  be  about  37.300  miles,  though,  in  the  case  of  a  planet  which  is  always 
at  so  enormous  a  distance  from  the  earth,  no  confident  reliance  can  be  placed  on  such 
measurements.  The  volume  of  Neptune  exceeds  that  of  the  earth  about  105  times, 
but  his  density  being  only  0.16  (the  earth's  as  1),  his  mass  exceeds  the  earth  only 
about  16}  times.  We  know  nothing  about  his  rotation  upon  his  axis  or  the  position 
of  his  axis. 

The  discovery  of  Neptune  must  be  regarded  as  one  of  the  greatest  triumphs  yet 
achieved  by  the  Newtonian  astronomy.  The  planet  Uranus  was  found  to  be  follow- 
ing a  path  not  strictly  accordant  with  that  assigned  to  it  by  astronomers,  insomuch 
that  Bouvard,  to  whom  astronomy  owes  the  calculation  of  excellent  tables  of  Jupiter, 
Saturn,  and  Uranus,  was  led  to  express  his  belief  that  some  external  planet  disturbs 
the  motions  of  Uranus.  The  French  astronomer  Leverrier  was  led  to  examine  this 
subject  at  length.  He  considered  all  the  various  explanations  available,  and  finally 
arrived  at  the  conclusion  that  some  planet  external  to  Uranus  must,  as  Bouvard  had 
suggested,  be  in  question.  In  the  mean  time,  Adams,  of  Cambridge,  had  boldly 
adopted  this  solution  of  the  question,  and  commenced  the  arduous  labor  of  calcu- 
lating, from  the  observed  perturbations  of  Uranus,  the  -position  of  the  disturbing 
planet.  Leverrier  and  Adams  worked  simultaneously  at  the  solution  of  this  noble 
problem,  but  Adams  retained  the  start  which  his  bold  guess  had  given  him,  com- 
pleted his  labors  first,  described  his  results  in  a  letter  to  Mr.  Airy,  and  afforded  full 
means  for  the  complete  solution  of  the  problem  and  the  detection  of  the  planet. 
Nay,  the  planet  actually  was  observed  by  Challis  as  a  consequence  of  the  instruc- 
tions he  received,  though  he  was  led  to  postpone  the  requisite  examination  of  his 
results  in  favor  of  other  observations  which  happened  to  engage  his  attention.    A 
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month  after  the  Cambridge  Observatory  had  been  set  upon  the  track  of  the  planet 
— to  wit,  on  August  31,  1846 — Leverrier  published  his  results,  and  pointed  out  the 
place  where  the  planet  was  to  be  looked  for.  The  Berlin  astronomers  received  infor- 
mation on  the  matter  on  September  23d,  1846,  and  on  the  same  evening  detected  the 
planet  It  is  customary  to  ascribe  their  success  to  the  accuracy  of  the  Berlin  star 
maps,  while  the  failure  of  our  English  observers  is  attributed  to  the  want  of  accu- 
rate maps.  The  real  fact  is,  that  the  Berlin  observers  were  impressed  with  a  full 
sense  of  the  importance  of  the  communication  which  had  reached  them,  and,  as  they 
recognized  the  planet  by  its  aspect,  would  in  all  probability  have  succeeded  in  their 
search  even  though  they  had  had  no  maps  to  guide  them,  seeing  that  the  motion  of 
the  planet  would,  in  a  day  at  the  outside,  have  proved  its  planetary  nature.  By 
unfortunate  negligence  on  our  part,  was  a  discovery  which  would  have  adorned 
throughout  all  ages  the  fame  of  English  astronomy,  suffered  to  pass  into  the  hands 
of  Continental  astronomers,  or  to  remain  as  a  subject  of  contention  and  ill-feeling 
whensoever  the  just  claims  of  our  distinguished  countrymen  should  be  asserted. 

It  is  important  to  notice  that  in  nearly  every  treatise  on  popular  astronomy  in 
which  the  perturbations  of  Uranus  by  Neptune  are  considered,  a  mistake  is  made 
involving  a  perfect  misapprehension  of  the  principles  of  planetary  perturbation.  A 
figure  is  introduced  intended  to  exhibit  the  perturbing  action  of  Neptune  over 
an  interval  including  the  passage  of  "Uranus  from  superior  to  inferior  conjunction 
with  Neptune ;  and  over  the  whole  of  this  passage  Neptune's  attraction  is  repre- 
sented as  accelerating  the  motion  of  Uranus.  The  reverse  »  the  ease  so  far  as  a 
large  portion  of  this  arc  is  concerned.  Neptune  attracts  the  sun  as  well  as  Uranus ; 
nor,  in  this  case,  does  the  excess  of  the  sun's  mass  over  that  of  Uranus  affect  the 
question.  It  is  only  the  excess  or  defect  of  Neptune's  action  on  Uranus  which  per- 
turbs that  planet. 

We  know  very  little  of  the  physical  habitudes  of  Neptune,  even  the  most  powerful 
telescopes  being  ineffectual  to  exhibit  any  signs  either  of  belts  or  of  the  rotation  of 
the  planet  upon  its  axis.  It  has  been  supposed  that  the  planet  rotates  in  a  direction 
contrary  to  that  observed  among  the  other  planets,  though  the  only  evidence  on  this 
point  has  been  derived  from  the  motion  of  the  satellite  of  Neptune,  and  the  nature 
even  of  his  motion  has  not  been  satisfactorily  established. 

Hewcomen's  Engine.    See  Steam  Engine. 

Hewtonian  System.  The  name  given  to  the  modern  system  of  physical  astronomy 
as  distinguished  from  the  modern  system  of  formal  astronomy,  which  is  usually 
called  the  Copemican  System,  but  is  more  correctly  named  the  Kepler ian  System. 

Hewtonian  Telescope.  This  is  an  improvement  by  Sir  Isaac  Newton  on  the 
Gregorian  Reflecting  Telescope.  The  concave  speculum  is  not  perforated.  It 
reflects  the  light  from  an  object  upon  a  plane  speculum  inclined  45°  to  the  axis  of 
the  instrument.  This  reflects  the  rays  to  the  side  of  the  tube,  where  a  hole  is  cut  to 
receive  the  eye-piece.    (See  Telescope.) 

Hewton's  Kings.  When  a  convex  lens  of  very  long  focus  is  pressed  against  a 
plane  surface  of  glass  the  thin  film  of  air  inclosed  between  the  two  surfaces  reflects 
light  in  a  series  of  rings  colored  by  interference.  (See  Interference  ;  Thin  Films, 
Colors  of.)  These  colors  were  first  examined  by  Sir  Isaac  Newton,  and  are  hence 
called  Newton's  Rings.  The  order  of  color  follows  that  given  under  the  heading 
Newton's  Scale  of  Colors.  The  thickness  requisite  to  produce  a  certain  color  varies 
with  the  refractive  index  of  the  substance.  Thus,  supposing  a  thickness  of  14 
mill  ion  ths  of  an  inch  of  air  were  required  to  produce  blue,  this  color  will  be  given  by 
a  thickness  of  10$  millionths  of  an  inch  of  water  and  $  millionths  of  an  inch  of  glass, 
the  necessary  thickness  diminishing  as  the  refractive  index  increases. 

Hewton's  Scale  of  Colors.  A  series  of  colors  produced  when  light  is  reflected 
from  an  excessively  thin  film,  gradually  increasing  in  thickness.  The  scale,  com- 
mencing with  the  least  thickness,  at  which  the  film  reflects  no  light  at  all,  but 
appears  black,  is  as  follows,  the  thicknesses  (for  air)  being  given  in  millionths  of  an 
inens — 
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1st  order. 


2d  order. 


'  Black  . 
Bine 

White  . 

Yellow  . 

Orange  . 
Bed  . 

'  Indigo 

Blue 

Green 

Yellow     . 

Orange     . 

Red. 
k  Dusky  Bed 


0.50 
2.40 
6.25 
7.11 
8.00 
9.00 

i2.83 
14.00 
15.12 
16-29 
17.22 
18.33 
19.67 


3d  order. 


4th  order. 

5th  order. 
6th  order. 
7th  order. 


Purple       .  .  2lW 

Indigo        .  22.10 

Bine  .        .  23.40 

Green        •  25.20 

Yellow      .  .  27.14 

Bed   .        .  .  29.00 

Bluish-Green  .  34.00 

Yellowish-Green  36.00 

Bed  .        .  .  40.33 

Sea  Green .  .  46.00 

Pale  Bed  .  .  52.50 

Blue  .        .  .  58.75 

Bed  .        .  .  65.00 

Greenish-Blue  .  71.00 

Reddish- White  .  77.00 


(8ee  Interference  of  Light.) 

Hickel.  A  metallic  element,  bearing  great  similarity  to  cobalt,  and  intimately 
associated  with  it  in  nature.  Atomic  weight,  59.  Symbol,  Ni.  It  was  discovered 
by  Cronstedt  in  1751,  and  its  name  is  derived  from  the  German  Kupfernikel,  or  false 
copper,  a  term  applied  by  the  miners  to  the  arsenide  of  nickel,  a  brass-colored  sub- 
stance which  they  mistook  for  copper  pyrites.  The  methods  of  separating  nickel 
from  arsenic  and  cobalt  are  complicated,  and  are  effected  in  what  is  called  the  wet 
way,  that  is  to  say,  by  solution  in  liquids  and  precipitation.  A  pure  compound 
having  been  thus  obtained,  it  is  reduced  by  heating  in  a  furnace  with  charcoal,  or 
by  reduction  by  carbonic  oxide.  After  fusion,  pure  nickel  is  silver-white,  ductile, 
and  malleable ;  it  melts  at  about  the  same  temperature  as  iron,  and,  according  to 
Deville,  it  surpasses  iron  in  tenacity;  its  specific  gravity  is  8.279.  It  is  magnetic 
at  ordinary  temperatures,  but  loses  this  property  at  the  temperature  of  an  oil  bath. 
Its  principal  use  in  the  arts  is  in  the  manufacture  of  German  silver,  an  alloy  of 
nickel  ana  copper.  (See  Alloys.)  Nickel  forms  two  oxides,  the  protoxide  NiO,  and 
the  peroxide  Ni3Os.  The  protoxide  is  a  dense  grayish-green  powder,  which  dissolves 
in  acids  forming  salts.  The  protochloride  of  nickel  forms  golden-yellow  scales, 
which  dissolve  in  water  to  a  fine  green  color.  The  principal  sulphide  of  nickel  is  the 
protostdphide  NiS.  In  the  native  state  it  has  a  brass-yellow  metallic  lustre.  The 
nvdratea  protosulphide  is  a  dark-brown  insoluble  powder.  For  the  different  salts  of 
nickel,  see  the  respective  acids. 

Hicol  Prism.  A  prism  of  Iceland  spar  so  constructed  that  only  one  polarized 
ray  can  pass  through  it.  It  is  named  after  the  discoverer.  A  rhomb  of  Iceland  spar 
is  carefully  sawn  into  two  parts  along  a  plane  perpendicular  to  the  plane  of  the  larger 
diagonal  of  the  base,  and  passing  through  the  obtuse  angled  corners.  The  two 
halves  are  then  reunited  by  means  of  Canada  balsam  in  exactly  the  same  position  in 
which  they  were  before  being  cut.  The  principle  of  its  action  is  this,  the  refractive 
index  of  Canada  balsam  (1.549)  is  less  than  the  ordinary  index  of  Iceland  spar 
(1.654),  but  greater  than  its  extraordinary  index  (1.483).  A  ray  of  common  light, 
entering  the  Nicol  prism  at  one  end,  is  divided  into  two  oppositely  polarized  rays, 
the  ordinary  and  the  extraordinary.  When  these  rays  meet  the  Canada  balsam 
cement,  the  ordinary  ray  undergoes  total  reflection  from  this  surface,  and  is  sent  out 
of  the  field  at  the  side,  whilst  the  extraordinary  ray  passes  through  alone.  The 
emergent  light  is  therefore  polarized  in  one  direction  only.  The  Nicol  prism  may  be 
used  either  as  a  polarizer  or  analyzer.  When  employed  in  delicate  optical  measure- 
ments an  anomaly  is  frequently  remarked :  the  azimuths  of  extinction  do  not  occur 
at  a  distance  of  180°.  The  error  can  amount  to  several  tenths  of  a  minute.  This 
error  would  be  fatal  to  the  use  of  the  Nicol  prism  if  the  cause  could  not  be  dis- 
covered, diminished,  and  remedied.  M.  Cornu  first  pointed  out  this  cause,  and  he 
has  given  the  following  explanation :  The  axis  of  rotation  of  the  prism,  or  rather 
that  of  the  instrument  which  carries  it,  does  not  coincide  with  the  plane  of  the 
principal  section,  hence  the  ray  which  traverses  it  takes  different  directions  in  the 
prism,  according  to  the  azimuth,  and  the  polarization  to  which  it  is  subject  is  not 
parallel  to  the  plane  of  the  optical  symmetry  of  the  crystal.  When  the  lines  of 
entry  and  emergence  of  the  prism  are  quite  parallel,  it  can  be  regulated  by  trial;  in 
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general,  the  error  will  be  only  alternated  and  not  annulled,  but  it  may  be  eliminated 
Si  proceeding  by  crossed  observations.  In  fact,  it  is  easy  to  demonstrate  by  a  very 
simple  calculation,  and  by  direct  observation,  that  the  error  e  of  the  normal  azimuth 
is  given  by  the  formula 

e=A(z-f  o); 

A  and  e  being  the  constants,  z  the  observed  azimuth,  it  is  easy  to  deduce  that  the 
mean  of  the  reading  of  the  azimuths,  which  should  strictly  differ  by  180°,  gives,  after 
the  subtraction  of  90°,  the  real  azimuths.  The  error  is  eliminated  of  its  own  accord, 
if  we  choose  for  the  measurements  of  the  azimuths  the  mean  of  two  positions  of 
extinction,  whether  for  the  analyzer  or  for  the  polarizer.    (See  Polarization  Plane.) 

Hicotine.  The  active  principle  of  tobacco.  It  is  a  colorless  transparent  oil, 
intensely  poisonous,  and  of  a  burning  taste  even  when  very  dilute ;  it  has  a  strong 
alkaline  reaction,  and  forms  salts  with  acids.  It  boils  at  482°  F.  Tobacco  contains 
it  in  proportions  varying  from  2  to  8  per  cent  Havanna  tobacco  contains  the 
smallest  amount 

Bimbus.    See  Cloud. 

Biobium.    See  Columbium. 

Hitrates.  Combinations  of  nitric  acid  with  bases  are  called  nitrates.  For  the 
most  part  they  crystallize  readily,  they  are  all  soluble  in  water,  and  are  generally 
neutral  to  test-paper.  When  heated  they  readily  decompose,  evolving  for  the  most 
part  a  mixture  of  oxygen  and  oxides  of  nitrogen ;  heated  with  combustible  bodies 
they  deflagrate  violently,  and  sometimes  explode.  The  following  are  the  most 
important  nitrates.  Nitrate  of  Barium.  White  transparent  crystals,  having  a 
specific  gravity  of  3.1848.  Formula,  Ba2NO,.  It  is  prepared  by  dissolving  the 
native  carbonate  of  baryta  in  dilute  nitric  acid,  and  crystallizing.  It  forms  regular 
octahedrons.  When  heated  the  crystals  melt,  and  at  a  red  heat  decompose,  leaving 
a  residue  of  pure  baryta.  It  is  tolerably  soluble  in  water,  but  difficultly  so  in  nitric 
acid.  It  is  used  in  the  arts  for  pyrotechnic  purposes,  as  it  produces  an  intense  green 
flame  when  deflagrated  with  combustible  substances.  Nitrate  of  Calcium.  A  salt 
which  is  formed  naturally  in  many  parts  of  the  world,  and  artificially  in  some 
countries,  by  imitating  the  conditions  of  nature.  When  heaps  of  decomposing  animal 
and  vegetable  matter,  mixed  with  clay,  chalk,  ashes,  etc.,  and  moistened  with  urine, 
soapsuds,  etc.,  are  exposed  to  the  air  for  some  years,  decomposition  takes  place,  and 
the  nitrogenous  matters  oxidize  to  nitric  acid,  which,  uniting  with  the  calcium  of  the 
chalk,  forms  nitrate  of  calcium.  The  solution  from  the  lixiviated  mass  is  mixed  with 
a  potassium  salt  to  decompose  the  calcium  salt,  and  evaporated  down,  when  nitrate 
of  potassium  crystallizes  out.  These  beds  are  called  artificial  nitre  beds  or  saltpetre 
plantations,  and  are  largely  employed  on  the  Continent.  The  same  conditions 
which  favor  the  formation  of  nitrate  of  calcium  in  these  heaps  are  frequently  present 
in  mortar  and  plaster,  and  the  nitrate  of  calcium  then  effloresces  from  the  surface  of 
the  wall,  causing  rapid  disintegration.  This  is  called  the  saltpetre  rot.  Nitrate  of 
calcium  in  the  pure  state  forms  six-sided  prismatic  crystals,  very  soluble  in  water, 
and  decomposing  when  heated  to  redness.  Nitrate  of  Copper.  The  only  nitrate 
of  importance  is  the  normal  nitrate  (Cu2NOs)  which  is  obtained  by  dissolving  the 
metal,  its  oxide  or  carbonate  in  nitric  acid.  On  evaporating  the  solution  the  salt  is 
deposited  in  blue  crystals,  containing  water  of  hydration ;  they  are  very  soluble  in 
water.  Nitrates  of  Iron.  Iron  forms  several  nitrates.  The  most  important  are 
the  normal  ferric  nitrate  and  the  ferrous  nitrate.  The  former  has  the  composition 
Fe3N03.18H20.  It  crystallizes  in  oblique  rhombic  prisms  of  a  faint  lavender  blue 
tint,  very  soluble  in  water.  The  ferrous  nitrate  (Fe2NOs)  crystallizes  in  four-sided 
prisms  of  a  faint  greenish  color,  and  very  Boluble  in  water.  An  impure  mixture  of 
these  two  nitrates  is  used  in  dyeing  under  the  name  of  iron  mordant  Nitrate  of 
Lead.  The  normal  salt  has  the  composition  Pb2ON205,  it  crystallizes  in  large 
white  octahedrons,  soluble  in  about  eignt  times  their  weight  of  cold  water,  and  in 
much  less  of  hot  water.  There  are  also  many  basic  nitrates  of  lead,  but  they  are 
unimportant.  Nitrates  of  Mercury.  Mercury  forms  two  normal  nitrates  and 
many  basic  nitrates ;  the  former  need  only  be  described.  The  mercuric  nitrate 
(Hg2NOsH,0)  crystallizes  in  bulky  deliquescent  rhombs,  easily  decomposed  into 
basic  salts  on  addition  of  water.  The  mercurous  nitrate  (Hg.J2NOJ.H20)  is  the 
one  usually  met  with ;  it  is  formed  by  digesting  excess  of  metallic  mercury  with 
eoki  nitric  acid ;  it  separates  in  colorless  monoclinic  crystals  which  are  decomposed 
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by  much  water  into  a  basic  salt.  For  test  purposes  mcrcurous  nitrate  is  always 
dissolved  in  very  dilate  nitric  acid,  a  little  metallic  mercury  being  added  at  the  same 
time.  Nitrate  of  Potassium,  called  also  nitre  and  saltpetre  (KNOs).  A  white 
inodorous  salt  of  a  cooling1  bitter  taste,  crystallizing  in  long  six-sided  prisms  which 
are  anhydrous  and  very  soluble  in  water,  aud  readily  crystallized  therefrom.  Nitrate 
of  potassium  melts  below  a  red-heat  without  further  change,  solidifying  on  cooling 
to  a  hard  white  mass  known  in  commerce  as  sal-prunellce.  At  a  rea-beat  oxygen  is 
given  off,  nitrate  of  potassium  being  left,  and  if  the  heat  is  continued  nitrogen  is 
evolved  with  the  oxygen.  When  heated  with  combustible  substances  deflagration 
takes  place ;  on  this  property  its  use  in  the  manufacture  of  gunpowder  and  pyro- 
technic mixtures  depends.  Nitrate  of  potassium  is  found  as  a  natural  product  in 
many  parts  of  the  world,  where  its  formation  is  still  going  on.  The  conditions 
necessary  for  its  production  have  been  described  above  (Nitrate  of  Calcium).  They 
are  frequently  imitated  artificially,  the  essential  requisites  appearing  to  be  an 
abundant  supply  of  ammonia  (from  the  oxidation  of  which  the  nitric  acid  comes),  the 
presence  of  earthy  and  alkaline  bases,  free  access  of  air  and  a  mean  temperature 
not  lower  than  from  65°  to  75°  F.  If  potash  salts  are  present  in  the  substances  used 
in  making  the  beds,  crude  nitrate  of  potassium  is  at  once  obtained  by  lixiviation  and 
crystallizing,  but  if  lime  compounds  are  in  excess,  nitrate  of  calcium,  as  before 
explained,  is  produced.  The  principal  impurity  of  crude  saltpetre  is  chloride  of 
sodium,  which  is  separated  by  peculiar  methods  of  crystallization.  Nitrate  of 
potassium  is  alBO  prepared  in  enormous  quantities  by  decomposing  nitrate  of  sodium 
with  carbonate  of  potassium  or  caustic  potash,  when  a  double  decomposition  takes 

filace,  and  nitrate  of  potassium  is  separated  by  crystallizing.  Nitrate  of  Silver 
AgNOs),  known  also  as  lunar  caustic,  lapis  infemalis.  A  salt  crystallizing  in 
colorless  trimetric  crystals  very  soluble  in  cold  water.  When  mixed  with  organic 
matter  and  exposed  to  light  (see  Actinism)  reduction  of  silver  to  the  metallic  state 
takes  place.  This  property  is  taken  advantage  of  in  photography.  Nitrate  of 
silver  forms  insoluble  compounds  with  many  kinds  of  animal  matter,  and  is  then 
gradually  reduced  to  the  state  of  metal,  with  oxidation  of  the  organic  substance ;  on 
this  account  nitrate  of  silver  is  used  as  a  caustic,  as  it  rapidly  destroys  organization 
and  vitality  when  applied  to  the  moist  surface  of  the  body.  Nitrate  of  Sodium, 
called  also  Chili  saltpetre,  Cubic  nitre  (NaNO,).  A  salt  crystallizing  in  obtuse 
rhombohedrons  which  closely  approach  cubes,  hence  the  name  cubic  nitre.  It  is 
deliquescent  in  moist  air,  and  dissolves  readily  in  water ;  it  behaves  with  heat  in  a 
similar  manner  to  nitrate  of  potassium.  Nitrate  of  sodium  is  found  in  enormous  masses 
in  some  parts  of  South  America,  beds  of  it  several  feet  thick  occurring  in  the  district 
of  Tarapaca,  northern  Chili,  where  the  dry  pampa  is  covered  with  it  for  a  space  of  forty 
leagues ;  its  principal  impurity  is  chloride  of  sodium,  from  which  it  is  separated  only 
with  difficulty.  Owing  to  the  low  price  of  nitrate  of  sodium,  it  is  largely  used  in  the 
manufacture  of  saltpetre,  nitric  acid,  and  sometimes  it  is  employed  direct  for  inferior 
varieties  of  gunpowder,  and  also  for  manure.  Nitrate  of  Strontium  (Sr2NO,).  A 
colorless  salt  crystallizing  in  octahedrons,  soluble  in  five  parts  of  cold  water ;  at  a 
red-heat  it  decomposes,  leaving  a  residue  of  caustic  strontia.  It  is  prepared  like 
nitrate  of  barium,  and  when  mixed  with  appropriate  combustibles  it  causes  them  to 
burn  with  an  intensely  red  flame,  forming  the  red  fire  of  the  theatres.  Nitrate  of 
zinc,  the  normal  salt  (Zn2NO,.3H,0),  crystallizes  in  colorless  four-sided  prisms,  deli- 
quescent in  the  air,  and  readily  soluble  in  water  and  alcohol.  Nitrate  of  Ethyl 
(nitric  ether,  C,H6NOs).  A  colorless  liquid  insoluble  in  water,  but  soluble  in  all 
proportions  in  alcohol ;  it  has  a  very  sweet  taBte  and  a  strong  peculiar  odor ;  it  is 
inflammable ;  its  specific  gravity  is  1.112,  and  it  boils  at  85°  C.  (185°  F.).  Nitrates  of 
other  ethyl  radicals  exist,  but  at  present  they  are  unimportant,  and  a  mere  enumera- 
tion of  them  would  occupy  far  more  space  than  their  importance  demands. 
Nitre.    See  Nitrates,  Nitrate  of  Potassium. 

Nitric  Acid.  (Azotic  Acid  ;  Spirit  of  Nitre  ;  Aquafortis.)  HNO,.  A  color- 
less transparent  liquid  of  specific  gravity  1.52 ;  it  freezes  at  — 55°  C,  forming  a  mass 
like  butter ;  it  boils  at  86°  C.  (187°  F.) ;  fumes  in  the  air,  and  when  mixed  with  water 
it  evolves  an  appreciable  amount  of  heat.  Nitric  acid  is  a  very  powerful  oxidizing 
agent ;  when  hot  and  undiluted  it  attacks  and  destroys  nearly  all  organic  bodies 
with  copious  evolution  of  red  fumes  of  nitric  peroxide,  and  when  somewhat  dilute  it 
stains  nitrogenous  matter  a  bright  yellow  color.  It  also  attacks  and  oxidizes  most 
of  the  elementary  bodies,  except  gold,  platinum,  and  a  few  of  the  rarer  metals;  the 
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compounds  produced  are  for  the  most  part  soluble  in  water ;  silicon,  tin,  antimony, 
and  tungsten  forming,  however,  insoluble  acids.  The  most  concentrated  acid  has  so 
powerful  an  oxidizing  action  on  carbon  that  it  is  competent  to  keep  up  the  combus- 
tion of  a  lump  of  red-hot  charcoal  plunged  into  it.  The  industrial  uses  of  nitric  acid 
are  very  various  and  important ;  a  mixture  of  it  with  hydrochloric  acid  forms  nitro- 
hydrochloric  acid  (nitro-muriatic  acid,  aqua  regia),  which  is  used  for  dissolving 
gold  and  platinum.  With  many  kinds  of  organic  matter  strong  nitric  acid,  if  the 
temperature  be  kept  down,  forms  what  are  called  nitro-substitution  products,  one, 
two,  or  three  atoms  of  hydrogen  being  removed  from  the  compound,  their  place 
being  occupied  by  an  equal  number  of  molecules  of  nitryl  (N02).  Some  of  these 
nitro-substitution  compounds  are  of  great  importance  in  the  arts,  thus  from  benzol 
(CfH6)  is  formed  nitro-benzol  (C6EL(N0l))  which  is  used  in  the  manufacture  of 
aniline ;  with  phenol  or  carbolic  acia  (C6Hs0)  is  formed  tri-nitro-phenol,  or  picric 
acid  (C9H.(NOs),0) ;  from  cellulose  (cotton,  woody  fibre,  etc.,  C6II10N6),  we  get 
tri-nitro-cellulose  (CfHT(N02)sO)  or  gun  cotton, 

Hitrio  Ether.    See  Nitrates,  Nitrate  of  Ethyl. 

Hitro-Benzol     See  Benzol ;  Nitric  Acid. 

Bitrogen.    (wpw,  nitre,  and  yemu*,  to  generate.    Azote,  a,  without,  and  £<*», 
life.)     An  element  discovered  by  Rutherford  in  1772.    Atomic  weight,  14.    Symbol, 
N.    It  is  a  permanent  gas,  constituting  about  four-fifths  of  the  volume  of  the  atmos- 
phere.   It  is  colorless,  uncondensible,  tasteless,  inodorous,  and  neutral  to  vegetable 
colors.    It  dissolves  in  cold  water  to  the  extent  of  1£  per  cent.  /  It  is  incombustible^/ ,, 
and  does  not  support  respiration,  although  not  irrespirable.    It  is  not  poisonous,  but; 
kills  from  the  absence  of  oxygen.    It  acts  in  the  atmosphere  principally  as  a  diluent 
to  restrain  the  too  energetic  action  of  the  oxygen.     (See  Atmosphere.)    In  the  free 
state,  nitrogen  exhibits  no  marked  properties,  although  it  enters 
into  the  composition  of  the  strongest  acids,  the  most  deadly 
poisons,  the  most  brilliant  colors,  the  most  valuable  mediciues,  **£•  ™  • 

and  the  most  destructive  explosives,  appearing  to  give  energy 
by  its  presence,  and  affording  a  strange  contrast  to  its  absence 
of  character  in  the  free  state.  ^Nitrogen  is  generally  procured 
from  the  atmosphere  by  burning  a  piece  of  phosphorus  under  I 
a  bell  jar  standing  over  water.  (Fig.  93.)  The  phosphorus 
unites  with  the  oxygen,  forming  phosphoric  acia,  which  is 
readily  soluble  in  water,  leaving  the  nitrogen  behind.  There 
are  many  other  ways  of  forming  nitrogen,  but  these  need  not  be 
detailed  here.  Nitrogen  forms  the  first  term  of  the  triad  group 
of  elements,  the  others  being  phosphorus,  arsenic,  antimony, 
bismuth,  and  vanadium.  Nitrogen  unites  direct  with  the 
metals  titanium,  tantalum,  and  tungsten.  These  are  said  even 
to  burn  in  it,  and,  under  some  circumstances,  it  unites  direct 
with  hydrogen,  oxygen,  and  carbon. 

Bitrogen,  Iodide  of.    See  Iodine. 

Nitrogen,  Spectrum  of.  The  spectrum  of  nitrogen  in  a  Geissler's  tube  is  some- 
what complicated.  When  not  ignited  much  beyond  its  point  of  incandescence,  a 
series  of  bands  is  seen  tolerably  equidistant,  sharp  at  one  side,  and  shading  off 
towards  the  violet  end.  If  the  temperature  is  increased  by  introducing  a  Leyden  jar 
into  the  circuit,  the  spectrum  changes  altogether,  and  is  now  composed  of  fine  bright 
lines.  PlUcker  has  called  these  spectra  of  the  first  order  and  spectra  of  the  second 
order.  The  change  takes  place  quite  suddenly,  and  is  attributed  to  the  change  of 
allotropic  condition  of  the  gas.  Other  gases  besides  nitrogen  are  found  to  exhibit 
similar  phenomena. 

Vitro-glyoerin.  A  light,  yellow,  oily  liquid  of  specific  gravity  1.6,  prepared  by 
acting  on  glycerin  with  strong  nitric  acid,  by  which  means  three  of  the  hydrogen 
atoms  are  removed  and  replaced  by  three  molecules  of  nitric  peroxide.  Its  com- 
position is  C3Hft(N02)X)s.  Nitro-glycerin  is  a  most  powerful  explosive  agent,  deto- 
nating when  struck  with  a  hammer,  or  when  exposed  to  the  detonation  of  fulminating 
mercury,  etc.  When  cautiously  heated,  it  decomposes  without  explosion.  Exposed 
to  a  low  temperature,  nitro-glycerin  freezes  to  a  crystalline  mass,  and  a  slight  blow 
will  sometimes  cause  the  whole  to  explode  with  terrific  violence. 

If itro-Hydrochloric  Acid.    See  Nitric  Acid. 

Acid.    See  Nitric  Acid. 
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Hitro-Snbstitution  Compounds.    See  Nitric  Acid. 

Nobili's  Figures.  Nobili  found  that,  if  a  drop  of  acetate  of  copper  be  placed 
on  a  silver  plate,  and  if  the  point  of  a  small  rod,  or  wire  of  zinc  be  brought  down 
upon  the  plate  in  the  middle  of  the  drop,  the  copper  which  is  liberated  attaches  itself 
to  the  silver,  forming  rings  around  the  point  or  the  zinc,  alternately  light  and  dark. 
To  these  are  giveu  the  name  of  Nobili's  Rings  or  Figures.  A  similar  effect  may 
also  be  produced  in  the  following  way :  Let  finely  powdered  litharge  be  boiled  for 
some  time  in  solution  of  caustic  potash.  An  alkaline  solution  of  the  lead  oxide  is 
thus  obtained.  A  silver  plate  is  immersed  in  this  liquid,  and  is  connected  with  the 
positive  electrode  of  a  moderately  powerful  battery  (8  or  10  cells  of  Bunsen).  To 
the  negative  electrode  is  attached  a  platinum  wire,  which  is  passed  through  a  glass 
tube,  fused  in  and  cut  off,  so  that  only  the  point  is  visible,  and  this  is  brought  near 
to  the  silver  plate.  On  doing  so,  binoxide  of  lead  is  deposited  on  the  plate  around 
the  point  in  concentric  rings,  owing  to  a  secondary  action  of  the  following  nature : 
Some  oxide  of  lead  is  decomposed,  and  the  lead  which  is  set  free  round  the  negative 
electrode  combines  with  the  oxygen  set  free  at  the  positive  electrode  to  form  bi- 
oxide,  which  attaches  itself  to  the  plate.  The  rings  are  found  in  layers,  whose  thick- 
ness decreases  from  the  middle,  ana  they  display  therefore  Newton's  prismatic  colors. 

Node.  (Nodus,  a  knot.)  In  astronomy,  the  points  of  intersection  of  any  great 
circle  on  the  celestial  sphere  with  any  other  are  called  the  nodes  of  the  former  circle 
on  the  latter.  The  point  at  which  the  former  circle  passes  from  north  to  south  of 
the  latter  is  called  the  ascending  node  /its  sign  is  Q.  The  opposite  node  is  called 
the  descending  node ;  its  sign  is  Q.  The  line  joining  the  two  nodes  is  called  the 
nodal  line. 

The  ecliptic  is  usually  the  circle  of  reference,  so  that  when  the  nodes  of  a  planet 
are  spoken  of  without  further  distinction,  the  nodes  of  that  planet's  orbit  on  the 
ecliptic  are  understood  to  be  referred  to. 

Modes  and  Segments  in  Pipes.  If  the  air  in  a  tube,  open  at  both  ends,  be  set 
in  vibration  in  such  a  way  as  to  produce  a  musical  note,  when  the  fundamental  note 
is  sounded,  the  centre  of  the  tube  is  alternately  the  region  of  maximum  compression 
and  maximum  rarefaction ;  it  is,  in  fact,  a  node  or  region  of  rest.  The  two  ends  of 
the  tube  are  the  centres  of  ventral  segments,  and  there  the  air  is  in  the  state  of  the 
most  violent  agitation.  The  length  of  the  pipe  is  half  the  length  of  the  travelling  wave. 
If  the  pipe  be  closed  at  one  end,  and  its  fundamental  note  be  sounded,  the  closed 
end  of  the  pipe  being  at  rest  must  be  in  contact  with  a  node,  the  other  and  open  end 
being  as  before  the  centre  of  a  ventral  segment.  It  follows  that  the  closed  pipe  will 
give  a  note  an  octave  below  an  open  one  of  the  same  length  ;  or,  in  order  tnat  an 
open  and  a  closed  pipe  may  give  the  same  notes,  the  closed  one  must  be  half  as  long 
as  the  open  one.     (Compare  Organ  Pipes.) 

Nodes  and  Segments  in  Strings.  A  stretched  string  or  wire,  when  gentry 
plucked  in  the  middle,  will  give  rise  to  its  fundamental  note,  accompanied  by  the 
feeble  higher  octave.  (See  Color  of  Tone.)  If  a  feather  be  placed  on  the  centre 
of  the  string,  and  a  point  J  from  one  end  be  plucked,  the  string  will  vibrate  in  two 
segments,  and  possess  three  nodes,  one  at  each  end,  and  one  in  the  middle.  If  the 
feather  be  placed  £  from  one  end,  and  the  point  |  from  that  end  be  plucked,  the 
string  will  vibrate  in  three  segments,  and  have  four  nodes,  and  so  on.  The  higher 
octaves  of  the  fundamental  note  are  produced  when  the  feather  is  placed  (1)  in  the 
middle,  (2)  at  \  the  length,  (3)  at  £  the  length,  and  so  on.  If  wo  examine  such  a 
string,  we  find  that,  when  one  segment  is  rising,  the  neighboring  two  are  falling,  and 
vice  versa ;  and  that  the  points  between  the  segments  are  nearly  at  rest  If  a 
stretched  string  when  vibrating  as  a  whole  gives  rise  to  a  certain  note,  it  will  when 
divided  into  n  segments,  give  rise  to  n  notes,  the  pitch  of  each  of  which  is  n  times 
that  of  the  original  note.  There  must  evidently  be  in  all  cases  n  -f- 1  nodes  if  there 
are  n  segments.  The  formation  of  nodes  can  be  well  studied  by  hanging  from  the 
ceiling  a  long  India-rubber  tube  filled  with  sand.  Such  a  tube,  by  agitating  the  free 
end,  can  be  made  to  vibrate  in  a  great  variety  of  segments. 

Nomenclature  of  Colors.  There  is  no  very  accurate  system  of  nomenclature  of 
colors  in  general  use.  The  most  accurate  plan  for  scientific  purposes  is  to  refer  to 
a  portion  of  the  solar  spectrum  by  giving  the  distance  between  any  two  of  the  lines. 
For  compound  colors  not  in  the  spectrum,  such  as  pink  or  brown,  definite  portions 
of  two  spectra  may  be  superposed.  For  less  accurate  work,  ChevreuTs  Chromatic 
Circle  (which  sec)  may  be  found  useful.    In  ordinary  language,  red,  yellow,  and  blue 
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are  called  primary  colors.  Combinations  of  these  give  secondary  colors ;  red  and 
yellow  give  orange ;  yellow  and  blue  give  green ;  blue  and  red  give  purple.  Combi- 
nations of  secondary  colors  give  tertiary  colors :  thus  purple  and  orange  give  russet; 
orange  and  green  give  citrine ;  and  green  and  purple  give  olive.  Most  colors,  how- 
ever, have  some  arbitrary  name,  such  as  Magenta,  Phospbine,  Humboldt ;  or  they  are 
named  after  natural  substances,  thus :  Puchsine,  emerald  green,  canary  yellow,  etc 

Non-COndactor  of  Electricity.  A  body  which  does  not  allow  electricity  to  pass 
over  its  surface.  Glass  or  vulcanite,  for  example,  are  non-conductors.  (See  also 
Conductor  and  Insulator.) 

Non-electric,  A  term  formerly  used  to  designate  a  class  of  bodies  which  it  was 
supposed  could  not  be  electrified-  by  friction.  Tne  metals,  for  example,  came  under 
this  category.  But  it  is  now  well  known  that  the  reason  why  these  bodies  were  ap- 
parently not  electrifiable  was,  that  in  performing  the  experiment  no  precaution  was 
taken  to  prevent  the  electricity  from  passing  away  from  them  as  it  was  produced. 
After  the  discovery  of  a  difference  between  bodies  as  to  the  power  of  conducting 
electricity,  it  appeared  at  once  that  all  those  substances  which  had  formerly  been 
called  "  non-electrics"  are  conductors  of  electricity,  and  that  by  proper  means  thev 
can  be  electrified  as  easily  as  those  which  were  called  electrics.  The  distinction  is 
therefore  now  broken  down,  though  the  terms  are  still  to  a  certain  extent  in  use. 

Norma.     (The  Square  Rule.)     A  southern  constellation  formed  by  Lacaillc. 

Normal  Solar  Spectrum.  In  the  spectrum,  as  seen  by  prismatic  dispersion,  some 
parts  are  more  expanded  than  others.  (See  Dispersion,  Irrationality  of.)  A 
normal  solar  spectrum  is  one  in  which  the  fixed  lines  are  mapped  according  to  their 
wave-lengths,  calculated  from  observations  made  with  diffraction  spectra.  (See  A. 
J.  Angstrom  on  the  Normal  Solar  Spectrum.  Upsala,  1868.  Also  Roscoe's  Spec- 
trum Analysis,  page  225.) 

November  Meteors.    See  Meteors,  Luminous. 

Nubecula.  (Little  Clouds.)  Two  very  remarkable  objects  on  the  southern 
heavens,  long  known  to  sailors  as  the  Magellanic  Clouds.  They  resemble  in  gen- 
eral appearance  detached  portions  of  the  Milky  Way,  but  on  telescopic  scrutiny  are 
found  to  differ  from  the  Milky  Way  in  this,  that  whereas  the  galaxy  shows  few  irre- 
solvable nebulae,  the  Nubecufae  exhibit  great  numbers  of  all  orders  of  nebulas.  This 
is  especially  the  case  with  the  Nubecula  Major,  within  which  Sir  John  Ilerschel 
counted  no  less  than  278  nebulae,  besides  noting  50  or  60  outliers.  He  has  pointed 
out  that  the  existence  of  nebulae  of  all  orders,  with  stars  from  the  9th  to  lower  orders, 
within  a  region  which  must  be  regarded  as  roughly  spherical  in  form,  should  teach 
us  to  look  with  caution  on  the  theory  that  nebulae  necessarily  lie  at  inordinate  dis- 
tances beyond  the  fixed  stars. 

Nucleus.    (A  kernel.)     In  astronomy  the  bright  or  condensed  part  of  a  comet 

Nucleus.  When  a  bit  of  bread  is  thrown  into  a  glass  of  champagne  or  of  soda 
water,  it  immediately  becomes  covered  with  bubbles  of  gas  which  escape  with  effer- 
vescence, the  bread  feeing  really  effective  as  a  nucleus  in  separating  gas.  So  also  if  a 
solid  that  has  been  exposed  to  the  air,  or  handled,  be  put  into  the  soda  water  or 
champagne,  it  will  be  immediately  covered  with  gas.  If  a  similar  solid  be  put  into 
a  liquid  at  or  near  the  boiling  point,  it  will  produce  a  burst  of  steam  or  vapor,  and 
so  act  for  a  time  as  a  nucleus.  Milk,  at  a  certain  temperature,  suddenly  boils  over 
from  the  presence  of  falty  nuclear  particles  suddenly  liberating  steam  at  every  part 
of  the  liquid.  Again,  if  a  similar  body  be  put  into  a  supersaturated  saline  solution, 
it  will  produce  immediate  crystallization.  , 

It  had  long  been  observed  that,  under  certain  conditions,  bodies  become  inactive, 
or  cease  to  act  as  nuclei,  as  when  a  glass  rod  had  been  passed  through  flame,  or 
boiled  and  dried  out  of  contact  with  air.  It  was  supposed  that  the  body  thus  treated 
had  undergone  a  molecular  change,  or  that  the  action  of  nuclei  was  catalytic  (seo 
Catalysis),  or  that  the  air  exerted  some  mysterious  influence,  and  so  on.  Thus,  it 
was  supposed  that  a  nucleus  put  into  soda  water  or  a  boiling  solution  acted  by  car- 
rying down  air  into  which  the  pas  or  the  steam  could  expand,  and  so  escape. 

This  subject  has  been  investigated  by  Mr.  Tomlinson,  who  has  greatly  extended 
and  multiplied  the  phenomena,  and  included  them  in  a  coherent  theory,  of  which  we 

Sropose  to  give  some  account.    Those  who  desire  further  information  are  referred  to 
Er.  Tomlinson's  papers  in  the  Phil.  Trans,  for  1868,  p.  659 ;  to  the  Proceedings  of 
the  Royal  Society,  vols.  xvL  403 ;  xvii.  240 ;  xviii  533.    See  also  Phil.  Mag.  for 
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Aug.  1867  and  the  subsequent  volumes,  and  the  last  5  or  6  volumes  of  the  Chemical 
News. 

Mr.  Tomlinson  considers  the  contradictory  action  as  to  the  behavior  of  nuclei, 
noticed  by  former  observers,  to  become  clear  by  attending  to  this  fact,  namely, 
whether  the  solid  nuclei  were  or  were  not  chemically  clean  as  to  surface  at  the  mo- 
ment of  contact  with  the  solution  in  which  they  were  placed. 

A  nucleus  is  defined  as  a  body  that  has  a  different,  generally  a  stronger,  attrac- 
tion for  the  gas,  or  the  salt,  or  the  vapor  of  a  solution,  than  for  the  liquid  which 
holds  it  in  solution. 

A  substance  is  chemically  clean  or  catharized  (see  Cathartsm),  whose  surface  is 
entirely  free  from  any  substance  foreign  to  its  own  composition. 

Reference  is  here  made  to  surface  only.  A  glass  rod  may  be  chemically  clean, 
even  though  a  particle  of  carbon  or  of  ferric  oxide  be  inclosed  and  shut  off  deep 
within  it,  but  not  so  if  the  particle  reach  and  form  part  of  the  surface  itself.  8o 
also  a  piece  of  wax  or  stearine  may  be  full  of  dirty  particles ;  but  if  a  bit  of  the  wax 
or  stearine  be  melted  into  a  globule,  and  so  dropped  into  a  supersaturated  saline 
solution,  it  may  not  act  as  a  nucleus,  because  the  surface  may  consist  of  pure  wax 
or  stearine. 

Catharization  is  the  act  of  cleaning  the  surface  of  such  alien  matter,  and  the  sur- 
face so  cleaned  is  said  to  be  catharized. 

As  everything  exposed  to  the  air  or  the  touch  takes  more  or  less  a  deposit  or  film 
of  foreign  matter,  substances  may  be  conveniently  classed  as  catharized  or  tut- ' 
eathartzedy  according  as  they  have  been  cleansed  or  not. 

And  it  is  not,  perhaps,  taking  too  much  license  with  language  to  extend  the  tern 
catharized,  denoting,  as  it  does,  the  condition  of  pure  surface,  to  those  substances 
whose  surface  has  not  required  the  process.  Thus,  a  flint  stone  in  the  rough  has  an 
uncatharized  surface,  but  split  it,  and  the  inner  surface  of  the  pieces  will  for  a  time 
be  clean. 

Referring  to  the  definition  of  nucleus  above  given,  substances,  with  reference  to 
this  definition,  may  be  divided  into  nuclear  substances  and  non-nuclear. 

The  nuclear  are  those  that  may  per  se  become  nuclei  The  non-nuclear  are  those 
that  have  not  that  quality. 

The  nuclear  substances  would  seem  to  be  very  few,  the  larger  number  of  natural 
substances  ranking  under  the  other  division. 

Under  nuclear  substances  are  those  vapors  and  oily  and  other  liquids  that  form 
thin  films  on  the  surfaces  of  liquids  and  solids ;  and,  generally,  all  substances  in  the 
form  of  films,  and  only  in  that  form.  Thus,  a  stick  of  tallow,  chemically  clean,  will 
not  act,  but  a  film  of  it  will  act  powerfully. 

If  a  drop  of  a  liquid  be  placed  on  the  surface  of  another  liquid,  it  will  do  one  of 
three  things  (apart  from  chemical  action) — (1)  it  will  diffuse  through  the  liquid,  and 
in  general  not  act  as  a  nucleus  ;  or  (2)  it  will  spread  out  into  a  film ;  or  (3)  remain 
in  a  lenticular  shape.  It  becomes  a  film  or  a  lens  according  to  the  general  proposi- 
tion, that  if  on  the  surface  of  the  liquid  A,  whose  surface-tension  is  a,  we  deposit  a 
drop  of  the  liquid  B,  whose  surface-tension,  6,  is  less  than  a,  the  drop  will  spread  into 
a  film ;  but  if,  on  the  contrary,  b  be  greater  than  a,  or  only  a  little  less,  the  drop 
will  remain  in  the  form  of  a  lens.  Hence  if  B  spread  on  A,  A  will  not  spread  on 
the  surface  of  B. 

This  general  proposition  may  not  always  apply  in  the  case  of  supersaturated  saline 
solutions,  on  account  of  the  superficial  viscosity  f  or  the  greater  or  less  difficulty  of 
the  superficial  molecules  to  be  displaced. 

A  glass  rod  drawn  through  the  hand  becomes  covered  with  a  thin  film,  or  the  same 
rod  by  exposure  to  the  air  contracts  a  film  by  the  condensation  of  floating  vapor, 
dust,  etc.,  and  in  either  case  is  brought  into  the  nuclear  condition. 

A  second  class  of  nuclear  bodies  are  permanently  porous  substances,  such  as 
charcoal,  coke,  pumice,  etc.  The  action  of  these  is  chiefly  confined  to  vaporous 
solutions,  and  if  catharized  having  no  power  of  separating  salts  from  their  super* 
saturated  solutions. 

Under  the  non-nuclear,  forming  by  far  the  larger  class  of  substances,  are  glass,  the 
metals,  etc.,  while  their  surfaces  are  chemically  clean. 

Among  the  non-nuclear  substances  will  be  found  air;  for  its  ascribed  nuclear 
character  is  due,  not  to  itself,  but  to  the  nuclear  particles  of  which  it  is  the  vehicle. 
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If  air  be  filtered  through  cotton-wool  it  loses  its  apparent  nuclear  character ;  so  also 
if  heated. 

When  a  catharized  body  is  placed  in  a  supersaturated  solution,  such  solution  ad- 
heres to  it  as  a  whole ;  but  if  Buch  body  be  non-catharized,  the  gas  or  vapor  or  salt 
of  the  solution  adheres  to  it  more  strongly  than  the  liquid  portion,  and  hence  there 
is  a  separation.  An  active  or  non-catharized  surface  is  one  contaminated  with  a 
film  of  foreign  matter,  which  filmy  condition  is  necessary  to  that  close  adhesion  which 
brings  about  the  nuclear  action ;  for  it  can  be  shown  that  an  oil,  for  example,  is  non- 
nuclear  in  the  form  of  a  lens  or  globule,  but  powerfully  nuclear  in  the  form  of  a  film. 

Some  liquids  (absolute  alcohol,  for  example)  form  films,  and  act  as  nuclei  by  sepa- 
rating water  instead  of  salt  from  supersaturated  solutions. 

Other  liquids  (glycerin,  for  example)  diffuse  through  the  solutions  without  acting 
as  nuclei 

Fatty  oils  may  slowly  saponify,  or  oil  of  bitter  almonds  form  benzoic  acid  in  con- 
tact with  supersaturated  solutions  of  Glauber's  salt  without  acting  as  nuclei. 

The  solutions  (say  of  Glauber's  salt)  are  prepared  with  1,  2,  or  3  parts  of  the  salt 
to  1  part  of  water ;  they  are  boiled,  filtered  into  clean  flasks,  and  covered  with  watch- 
glasses.  When  cold,  the  watch-glass  being  lifted  off,  a  drop  of  oil  is  deposited  on 
the  surface  of  the  supersaturated  solution.  In  an  experiment  described,  a  drop  of 
pale  seal-oil  formed  a  well-shaped  film,  witlr  a  display  of  iridescent  rings,  and  imme- 
diately from  the  lower  surface  of  the  film  there  fell  large  flat  prisms  with  dihedral 
summits  of  the  10  atom  sodic  sulphate.  The  prisms  were  an  inch  or  an  inch  and  a 
half  in  length,  and  three-eighths  of  an  inch  across.  The  crystallization  proceeded 
from  every  part  of  the  lower  surface  of  the  film,  and  as  one  set  of  crystals  fell  off, 
another  set  was  formed,  until  the  whole  solution  became  a  mass  of  fine  crystals  in  a 
small  quantity  of  liquid,  an  effect  quite  different  from  the  usual  crystallization  which 
takes  place  when  a  supersaturated  solution  of  Glauber's  salt  is  subjected  to  the  action 
of  a  nucleus  at  one  or  two  points  in  its  surface,  as  when  motes  of  dust  enter  from  the 
air,  or  the  surface  is  touched  with  a  nuclear  point.  In  such  case  small  crystalline 
needles  diverse  from  the  point  and  proceed  rapidly  in  well-packed  lines  to  the  bot- 
tom, the  whole  being  too  crowded  ana  too  rapid  to  allow  of  the  formation  of  regular 
crystals. 

Similar  experiments  were  made  on  solutions  of  Glauber's  salt  of  different  strengths, 
with  drops  of  ether,  absolute  alcohol,  naphtha,  benzole,  the  oils  of  turpentine, 
caiuput,  and  other  volatile  -oils,  sperm,  herring,  olive,  linseed,  castor,  and  other  fixed 
oils  of  animal  and  vegetable  origin,  with  this  general  result,  that  whenever  the  liquid 
drop  spread  out  into  a  film,  it  acted  as  a  powerful  nucleus ;  but  when  the  oil  formed  a 
lens  there  was  no  separation  of  salt,  even  when  the  flasks  were  shaken  so  as  to  break 
up  the  lens  into  small  globules.  If,  however,  a  sudden  jerk  were  given  to  the  flask 
so  as  to  flatten  some  of  the  globules  against  its  sides  into  films,  the  whole  solution 
instantly  became  solid.  A  similar  effect  was  produced  by  introducing  a  clean  inactive 
solid  for  the  purpose  of  flattening  a  portion  of  oil  against  the  side  of  the  flask. 

Stearine  from  sheep's  tallow  that  had  been  exposed  to  the  air  produced  immediate 
crystallization,  but  by  boiling  the  solution  and  covering  the  flasks,  the  stearine,  now 
catharized,  had  lost  its  nuclear  character  on  the  cold  solution.  Similar  observations 
were  made  with  the  fixed  oils  that  form  lenses  or  globules  in  the  solution.  So  also 
volatile  oils  containing  products  of  oxidation,  dust,  etc.,  arc  nuclear,  but  when  cath- 
arized by  being  redistilled  they  are  inactive  in  the  globular  state,  active  in  the  form 
of  films. 

Supersaturated  solutions  of  potash  alum,  ammonia  alum,  sodic  acetate,  and  mag- 
nesia sulphate  were  also  operated  on  with  results  similar  to  those  obtained  witn 
solutions  of  Glauber's  salt 

When  a  liquid  forms  a  film  on  the  surface  of  a  supersaturated  solution,  the  surface- 
tension  of  the  solution  is  so  far  diminished  as  to  bring  the  film  into  contact  with  the 
solution,  when  that  differential  kind  of  action  takes  place  whereby  the  salt  of  the 
solution  adhering  more  strongly  to  the  film  than  the  water  of  the  solution,  the  action 
of  separation  and  crystallization,  thus  once  begun,  is  propagated  throughout.  A 
similar  action  takes  place  with  solid  bodies  that  have  contracted  filmy  nuclei  by 
being  touched  or  drawn  through  the  hand,  or  merely  exposed  to  the  air ;  they  are 
active  or  nuclear  by  virtue  of  the  films  of  matter  which  more  or  less  cover  them. 

On  the  other  hand,  when  a  drop  of  oil  (or  many  drops)  is  placed  on  the  surface  of 
a  supersaturated  saline  solution,  and  it  assumes  the  lenticular  form,  or  even  flattens 
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into  a  disk,  Buch  lens  or  disk  is  separated  from  actual  contact  with  the  solution  by 
surface-tension.  That  the  adhesion  is  very  different  from  that  of  a  film  may  be 
shown  by  pouring  a  quantity  of  recently  distilled  turpentine,  for  example,  on  the 
surface  of  chemically  clean  water,  and  scraping  upon  it  some  fragments  of  camphor ; 
these  will  be  immediately  covered  with  a  solution  of  camphor  in  the  oil,  which  solo* 
tion  will  form  iridescent  films,  and  sail  about  with  the  camphor,  vigorously  displac- 
ing the  turpentine,  and  cutting  it  up  into  smaller  disks  ana  lenses.  So  in  the  case. 
of  supersaturated  saline  solutions,  the  oil-lens  is  not  sufficiently  in  contact  with  the 
surface  of  the  solution  to  allow  of  the  exertion  of  that  differential  kind  of  action 
whereby  salt  is  separated.  Even  when,  by  shaking,  the  oil  is  broken  up  into  globules, 
and  these  are  submerged,  they  are  still  so  far  separated  from  the  solution  by  surface- 
tension  as  to  prevent  actual  contact. 

It  is  remarkable  that  if  care  be  taken  to  maintain  the  condition  of  chemical  dean* 
liness,  crystals  do  not  act  as  nuclei  to  their  own  supersaturated  solutions,  because 
the  solution  adheres  to  them  as  a  whole,  and  we  have  seen  that  in  order  for  a  undent 
to  act  it  must  adhere  more  strongly  to  the  saline  portion  than  to  the  aqueous  portion 
of  the  solution,  or  vice  versa. 

So  also  if  a  highly  supersaturated  solution  in  a  clean  vessel,  protected  from  the 
dust  and  motes  of  the  air,  be  reduced  in  temperature  from  0°  F.  to — 10°,  the  solu- 
tion solidifies  into  an  unstable  hydrate,  and  in  raising  it  to  32°  it  again  liquefies  with- 
out any  regular  crystallization,  such  as  takes  place  in  the  presence  of  a  nucleus. 
(See  Supersaturation.} 

Nutation.  (Nutatto,  a  nodding.)  The  name  given  to  a  small  gyration  of  the 
earth's  axis  around  the  mean  position  due  to  precession.  With  reference  to  this 
mean  position  the  motion  of  nutation  takes  place  in  about  19  years  in  a  small  ellipse, 
having  a  major  axis  of  18.5"  and  a  minor  axis  of  13.74" ;  but  as  the  precessions! 
motion  is  continually  carrying  the  axis  onward  in  a  much  larger  circle  (see  Preces- 
sion), the  actual  motion  is  along  a  waved  circular  line.  The  major  axis  of  the  small 
ellipse  being  towards  the  pole  of  the  ecliptic,  the  effect  of  nutation  so  far  as  the  ob- 
liquity of  the  ecliptic  is  concerned,  is  to  cause  it  to  oscillate  9.25"  on  each  side  of  its 
mean  value,  while  as  far  as  the  position  of  the  nodes  of  the  earth's  equator  are  con- 
cerned, nutation  causes  these  nodes  to  be  alternately  in  advance,  or  behind  their 
mean  place  due  to  precession  by  6.87".  For  the  cause  of  nutation  see  Precession. 
Bradley  discovered  and  explained  the  nutation  of  the  earth's  axis,  not  long  after  he 
had  discovered  the  phenomenon  called  the  aberration  of  the  fixed  stars. 

Nutrition,  Animal  and  Vegetable.  See  Animal  Nutrition;  Vegetable  Nu- 
trition. 

H UZ  Vomica,    See  Strychnine. 

O 

Object-glass.  The  lens  or  combination  of  lenses  which  in  a  telescope  or  micro- 
scope forms  the  image  of  an  object  in  its  focus,  which  image  is  afterwards  viewed  by 
means  of  an  eye-piece.     (See  Telescope  ;  Microscope.) 

Obliquity  of  the  Ecliptic.  The  angle  at  which  the  earth's  equator  is  inclined 
to  the  plane  of  the  ecliptic.  (See  Ecliptic.)  This  angle  is  not  constant,  but  within 
historic  ages  has  been  continually  diminishing.  Astronomers  recognized  this  change 
long  before  its  cause  was  known.  It  is  now  known  to  be  part  of  an  oscillatory  pro* 
cess  of  change,  taking  place  in  a  very  long  cycle  and  within  somewhat  narrow  limits 
of  change,  the  greatest  variation  on  either  side  of  the  mean  value  of  the  obliquity 
being  but  1°  21'.  It  must  be  remembered  that  this  change  is  not  due  to  a  change 
in  the  inclination  of  the  earth's  equator  to  a  fixed  plane  in  the  solar  system,  but  is 
a  real  change  in  the  position  of  the  earth's  path  round  the  sun,  and  therefore  in  the 


mean  value  of  23°  27'  8.0' . 

Obscure  Heat.  The  heat  which  is  manifest  beyond  the  red  end  of  the  spectrtm, 
when  a  beam  from  the  sun  or  other  luminous  source  is  decomposed  by  a  prism,  ii 
thus  called ;  also  all  heat  which  is  unaccompanied  bv  light — the  heat,  for  instance, 
radiated  from  a  vessel  filled  with  boiling  water.    The  heat  rays  of  the  spectrum 
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beyond  the  red  are  also  known  as  ultra-red  rays,  dark  heat  rays,  invisible  heat 
rays.  By  separating  the  light  rays  proceeding  from  a  luminous  source  from  the 
heat  rays  (by  filtering  the  beam  through  a  solution  of  iodine  in  bisulphide  of'carbon), 
Tyndall  found  the  following  relationship  between  the  luminous  and  obscure  rays  from 
different  sources : — 

1.  In  the  case  of  the  most  brilliant  portion  of  a  gas  flame,  if  the  total  radiation, 
Ivminous  and  obscure,  be  divided  into  25  equal  parts,  24  parts  consist  of  obscure 
imys  and  1  of  luminous  rays. 

2.  If  the  total  radiation  from  a  white  hot  platinum  wire  be  divided  into  24  parts, 
23  parts  consist  of  obscure  rays  and  1  of  luminous  rays. 

3.  If  the  total  radiation  from  the  voltaic  arc  taken  between  carbon  points,  and 
produced  by  a  battery  of  fifty  cells  of  Grove's  arrangement,  be  divided  into  10  parts, 
9  parts  consist  of  obscure  rays  and  1  of  luminous  rays. 

The  following  table  shows  the  results  obtained  by  Tyndall  with  various  sources, 
both  obscure  and  luminous,  by  filtering  through  a  solution  of  iodine  in  bisulphide  of 
carbon,  which  entirely  prevents  the  passage  of  luminous  rays,  while  it  allows  the 
obscure  heat  rays  to  pass  through  it  without  absorption : — 

Radiation  from  Various  Sources  through  a  Solution  of  Iodine  in 

Bisulphide  of  Carbon. 

Proportion  of  Proportion  of 

Boure*.  Lam  loons  rayi    Obscure  heat  ra/1 

Absorbed.  Transmitted. 

Dark  Spiral 0  100 

Lampblack  at  212°  F 0  100 

Red-hot  spiral 0  100 

Hydrogen  flame 0  100 

Oil  flame 3  97 

Gas  flame 4  96 

White-hot  spiral 4.6  95.4 

Electric  light 10  90 

(See  also  Calorescence.) 

Observatory.  A  building  intended  for  systematic  observations  of  natural  pheno- 
mena.   (See  Observatory,  Astronomical,  etc.) 

Observatory,  Astronomical.  The  observation  of  celestial  phenomena  is  now 
carried  out  in  a  systematic  manner  in  nearly  all  civilized  countries.  The  buildings 
erected  for  this  purpose  have  to  be  constructed  with  special  reference  to  certain  re- 
quisites. They  must  not  only  be  stable,  but  the  principal  instruments  used  for 
observing  the  stars  must  be  free  from  all  contact  even  with  the  firmly  built  walls  of 
the  observatory.  These  instruments  are  therefore  mounted  on  stone  pillars  sunk  in 
the  solid  ground,  and  isolated  from  the  floors  of  the  rooms  in  which  the  observers 
work.  In  addition  to  these  precautions,  it  is  found  necessary  to  observe  with  ex- 
treme  care  changes  which  take  place  in  the  position  of  the  support,  owing  to  changes 
of  temperature,  humidity,  and  so  on.  It  would  be  wholly  impossible,  of  course,  to 
describe  in  such  a  work  as  this  the  various  methods  by  which  these  and  other  re- 
quirements are  secured ;  but  it  is  necessary  that  the  reader  should  thoroughly  under- 
stand that  those  who  work  in  our  observatories  are  continually  engaged  in  making 
such  precautions  more  effectual,  and  are  also  continually  on  the  watch  to  detect  new 
forms  of  disturbance  to  which  (in  however  slight  a  degree)  their  instruments  may  be 
exposed. 

The  telescopes  made  use  of  in  astronomical  observatories  are  of  two  classes,  meri- 
dional instruments,  or  those  which  can  only  be  used  to  observe  objects  on  the  meri- 
dian, and  extra  meridional  instruments,  by  which  objects  in  other  parts  of  the 
heavens  can  be  observed.  To  the  former  class  belong  the  transit  instrument,  transit 
circle,  and  mural  circle  ;  to  the  latter  the  equatorial  instrument  and  the  altitude 
and  azimuth  instrument  The  subordinate  instruments  and  appliances  are  too 
numerous  for  special  mention.  (See  Loomis'  Practical  Astronomy  and  Pearson's 
Introduction  to  Practical  Astronomy.) 

The  principal  public  observatories  at  present  in  existence  are  those  of  Greenwich, 
Paris,  Poulkova,  and  Cambridge,  U.  S. ;  but  there  are  many  others.  The  number 
of  private  observatories  is  not  only  large,  but  continually  increasing. 
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Observatory,  Magnetic.  The  aim  of  magnetic  observatories  is  to  record  the 
variations  of  the  terrestrial  magnetic  elements—that  is,  of  the  magnetic  declination, 
inclination,  and  intensity,  for  the  purpose  of  deducing  the  laws  according  to  which 
these  variations  take  place.  The  first  regular  and  systematic  observation  was  car- 
ried on  at  Gdttingen  by  Gauss,  and  a  band  of  private  observers  headed  by  him ;  but 
the  establishment  of  the  present  national  observatories  is  very  much  due  to  the  in- 
fluence of  Humboldt.  He,  in  1819,  applied  to  the  Russian  Government,  and  obtained 
the  institution  of  numerous  magnetic  establishments,  and  shortly  after,  with  the  aid 
of  the  Royal  Society  and  the  British  Association,  succeeded  in  inducing  the  British 
Government  to  take  part  in  the  work,  and  to  set  up  observatories  in  Greenwich  and 
Dublin,  and  in  Toronto,  Van  Diemen's  Land,  at  the  Cape  of  Good  Hope,  and  St 
Helena.  Systematic  and  synchronous  observations  were  made  and  recorded,  and 
from  these  have  been  deduced  all  that  we  know  of  the  laws  of  the  phenomena  of 
terrestrial  magnetism.  Some  of  the  observatories  originally  established,  having  done 
their  work,  are,  for  the  present  at  least,  disused,  but  there  are  still  some  of  them  in 
constant  employment,  and  new  ones  have  lately  been  established  at  various  places 
throughout  the  United  Kingdom.  At  present,  observations  are  made  at  Greenwich 
and  Dublin,  at  Kew,  Glasgow,  Armagh,  and  all  the  other  chief  meteorological 
establishments. 

We  have  described,  under  Magnetism,  Terrestrial,  and  under  the  special  desig- 
nations, the  instruments  used  in  determining  the  various  elements  and  the  methods 
of  doing  so.  We  refer  the  reader  to  those  articles,  merely  explaining  here  how 
photography  is  applied  to  obtain  constant  self-registration  of  the  changes.  To  the 
magnets  used  in  the  various  instruments  are  attached  (as  is  described,  see  Gauss's 
Magnetometer)  small  light  mirrors  which  turn  with  them.  Opposite  to  the  mirror 
is  placed  a  paraffin  lamp,  which  lets  fall  through  a  small  hole  a  beam  upon  the 
mirror.  The  beam  is  reflected  by  the  mirror,  and  sent  through  a  narrow  tube  into  a 
closed  box  wherein  a  cylinder  is  slowly  turned  by  clock-work  in  front  of  the  tube, 
and  on  the  surface  of  the  cylinder  is  a  slip  of  photographically  sensitized  paper. 
The  spot  of  light  falling  upon  the  paper  darkens  it  at  tnc  point  where  it  falls,  and  a 
register  is  thus  taken  of  the  position  of  the  spot,  and  hence  of  the  deviation  of  the 
mirror  and  magnet  from  their  normal  position.  Close  to  the  moving  mirror  another 
small  fixed  mirror  is  supported,  which  also  throws  a  spot  of  light  through  the  tube 
on  to  the  turning  cylinder ;  and  the  position  of  this  mirror  is  arranged  so  that,  when 
the  magnet  stands  at  a  certain  position,  which  we  may  call  zero,  the  beams  of  light 
from  the  two  mirrors,  the  fixed  one  and  that  attached  to  the  magnet,  fall  upon  the 
same  point  of  the  cylinder.  Thus  as  the  cylinder  turns  it  will  be  seen  that  a  zero 
line  is  traced  out  upon  the  paper  by  the  spot  from  the  fixed  mirror ;  and  it  is  from 
this  zero  line  that  measurements,  upon  which  calculations  are  based,  are  made  to  the 
curve  traced  out  by  the  other  spot.  The  paper  of  the  cylinder  is  changed  once  in 
twenty-four  hours,  and  that  on  which  the  lines  have  been  traced  is  photographically 
fixed. 

Besides  these  self-registered  records,  from  which  the  variations  in  the  magnetic  ele- 
ments are  deduced,  observations  are  taken  at  regular  intervals  in  order  to  determine 
the  absolute  values  of  them ;  and  this,  with  the  reduction  and  entry  of  the  values 
obtained,  constitutes  the  chief  part  of  the  magnetic  work  of  an  observatory.  All  the 
magnetic  observatories  are  also  meteorological  observatories,  and  the  state  of  the 
weather,  temperature,  barometric  pressure,  appearance  of  clouds,  occurrence  of  au- 
roras, electric  perturbations  at  the  various  hours,  are  noted  and  carefully  compared 
with  the  magnetic  changes. 

We  refer  our  readers  for  more  detailed  information  to  the  memoirs  of  Professor 
Lloyd  in  connection  with  the  Dublin  Observatory ;  to  those  of  Sabine  with  respect 
to  the  foreign  stations ;  and  to  the  Reports  of  the  British  Association  on  the  subject 
of  Kew  Observatory,  from  1842  onwards. 

Observatory,  Meteorological.  A  building  intended  for  the  conduct  of  observa- 
tions on  the  state  of  the  atmosphere  and  weather  changes  generally.  The  principal 
instruments  made  use  of  in  a  meteorological  observatory  are  the  barometer  for 
measuring  the  weight  of  the  air,  the  thermometer  for  measuring  its  temperature, 
the  hygrometer  for  measuring  its  moistness,  the  pluviometer  or  rain-gauge  for  esti- 
mating the  hourly,  daily,  or  monthly  rainfall,  tne  anemometer  for  measuring  the 
force  of  the  wind,  and  the  electrometer.  Lately  a  great  advance  has  been  made  in 
the  conduct  of  meteorological  observations  by  the  introduction  of  the  practice  of 
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Sublishing  frequent  and  early  records  of  tbe  state  of  the  atmosphere  or  weather  at 
ifferent  stations.  By  means  of  the  telegraph  it  thus  becomes  possible  to  form  a 
conception  of  the  general  state  of  the  atmosphere  over  a  country,  or  even  a  conti- 
nent, in  place  of  haying  mere  isolated  records  of  the  phenomena  presented  at  a 
single  station. 

Oocultation.  ( Occultatio,  a  concealment)  The  concealment  of  one  celestial 
body  behind  another.  The  term  is  commonly  limited  to  the  concealment  of  stars 
by  the  moon,  and  Jupiter's  satellites  by  the  disk  of  their  primary. 

Occultations  of  stars  by  the  moon  afford  important  information  respecting  the 
lunar  motions.  They  also  supply  an  effective  means  of  determining  the  moon's 
apparent  diameter.  The  Astronomer-Royal  has  been  led  by  examining  the  occul- 
tations of  stars  to  the  conclusion  that  irradiation  considerably  increases  the  moon's 
apparent  diameter. 

The  present  writer  has  pointed  out  a  way  in  which  occultations  might  be  made  to 
indicate  the  apparent  diameters  of  the  fixed  stars. 

Ocean  Currents,  Influence  o£  on  Climate.    See  Climate. 

Ochre.  (w*pa,  pale  yellow.)  A  name  applied  to  several  metallic  oxides  in  a 
native  pulverulent  condition,  when  of  a  brownish-yellow  color.  It  is,  however, 
chiefly  applied  to  hydrated  peroxide  of  iron  when  fit  for  use  as  a  pigment,  and  is 
called  red  ochre,  yellow  ochre,  or  brown  ochre,  according  to  color.  Cobalt  ochre, 
bismuth  ochre,  chrome  ochre,  and  antimony  ochre  are  also  terms  occasionally  used. 

Ootans.  (The  Octant)  One  of  Lacaille's  southern  constellations.  The  south 
pole  of  the  heavens  falls  within  this  constellation,  but  no  conspicuous  star  lies  near 
enough  to  that  pole  to  be  called  the  southern  pole-star. 

Octave.  (Octo,  eight.)  The  interval  or  relationship  of  two  musical  notes,  the 
numbers  of  vibrations  of  which  in  the  same  time  are  as  2  : 1.  One  note  is  an  octave 
above  or  below  another  when  the  number  of  vibrations  per  second  which  produce  the 
first  is  half  or  double  of  the  number  of  vibrations  producing  the  second.  In  the  or- 
dinary or  diatonic  musical  scale  the  octave  comprises  eight  notes,  hence  the  name. 
(See  Musical  Interval.) 

Ocular  Spectrum.  When  the  eye  has  been  steadily  fixed  for  a  short  time  on  a 
bright-colored  object,  and  is  then  suddenly  turned  away  from  it,  an  image  of  the 
object  in  the  complementary  color  will  be  observed  to  be  temporarily  impressed 
upon  the  retina.  This  image  is  called  the  ocular  spectrum.  (See  Accidental  Colors.) 

Ohmad;  or,  Ohm.  (From  Ohm,  the  propounder  of  the  law  known  by  his  name.) 
A  technical  name  for  a  certain  amount  of  electric  resistance.  It  is  equal  to  the 
British  Association  unit  of  resistance.  (See  Resistance,  Units  of,  and  Units,  Elec- 
trical.) Thus  practical  electricians  talk  of  a  piece  of  cable  having  10  Ohmads,  or 
more  frequently  10  Ohms,  of  resistance,  meaning  thereby  that  its  resistance  is  equal 
to  that  or  10  B.  A.  units,  or  British  Association  units. 

Ohm's  Law.  The  numerical  estimation  of  the  value  of  any  arrangement  for  the 
generation  of  an  electric  current  is  a  matter  of  high  practical  importance,  and  the 
means  of  doing  this  is  furnished  by  the  celebrated  Law  of  Ohm  given  in  1827.   The 

Sroblem  is  the  following :  Given  any  number  of  electromotors,  of  specified  kind  and 
intensions,  such  as  a  number  of  Bunsen's  or  of  Daniell's  cells,  and  any  number  of 
specified  conductors,  through  which  the  electric  current  is  sent,  to  find  the  strength* 
oi  the  current,  that  is,  the  quantity  of  electricity  which  flows  through  any  section 
of  the  circuit  in  a  given  time,  and  the  law  of  Ohm  states  that  the  strength  of  the 
current  is  directly  proportional  to  the  whole  electromotive  force  in  operation,  and 
inversely  proportional  to  the  sum  of  the  resistances  in  the  circuit.  Ohm  deduced 
this  law  from  theoretical  considerations;  it  is  most  strictly  in  accordance  with 
experimental  results,  which  demonstrate  the  justness  of  the  hypothesis  on  which  it 
is  founded. 

To  make  use  of  this  law  to  best  advantage,  it  is  necessary  to  fix  upon  some  con- 
sistent and  convenient  system  of  units  by  which  the  quantities  mentioned  above  may 
be  measured,  and  may  be  numerically  expressed.  This  is  done  by  the  system  drawn 
np  by  the  committee  appointed  by  the  British  Association  to  consider  the  standards 
of  electrical  resistance.  An  account  of  the  units  in  which  electrical  measurements 
are  made  will  be  found  under  Units,  Electrical.    Let  us  consider  the  case  of  a 

*  "  Intensity"  (Vintennti)  it  is  oallad  by  French  writers,  and  usually  by  translators  of 
French  books. 
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single  cell  of  a  battery  sending  a  current  through  a  wire  or  other  interpolar.  Let 
8  denote  the  strength  of  the  current,  E  the  electromotive  force  of  the  cell,  and  B 
the  whole  resistance.     Ohm's  law  states  that 


or,  if  we  choose  our  units  aright, 


socg 


s=s 


The  electromotive  force  depends  upon  the  nature  of  the  materials  used  in  the  bat- 
tery cell.  Thus  the  electromotive  force  of  a  cell  of  Bunsen  differs  from  that  of  a 
cell  of  Daniell.  The  nature  of  the  cell  then  remaining  the  same,  if  we  diminish  the 
resistance  we  increase  the  current,  or  if  we  increase  the  resistance  we  diminish  the 
current.  Now  the  resistance,  as  Ohm  first  clearly  pointed  out,  consists  of  two  parts, 
that  within  the  cell  or  other  electromotor,  and  that  without.  Let  I  stand  for  the 
resistance  of  the  liquid  within  the  cell,  and  w  for  the  resistance  of  the  wire  or  other 
interpolar;  then 

F 
R-  J  +  w,  and  8  ■=  f— ^~ 

Let  us  now  consider  the  case  when  several  electromotors  are  used  in  conjunction 
to  pass  a  current  through  a  given  interpolar  resistance  w ;  and,  to  simplify  the 
matter,  we  shall  assume  what  is  generally  the  case  that  a  number  of  cells  of  the 
same  kind  are  made  use  of,  and  we  shall  call  the  electromotive  force  of  each  cell 
E,  and  the  internal  resistance  of  each  /,  as  before.  According  to  Ohm's  law  the 
strength  of  the  current  is  proportional  to  the  sum  of  all  the  electromotive  forces 
divided  by  the  sum  of  all  the  resistances ;  hence,  if  n  be  the  number  of  cells  used, 

nl  +  w 

If  the  interpolar  resistance  w  is  very  small  compared  with  /  the  internal  resistance 
of  the  cell,  which  would  be  the  case  if  the  electrodes  of  the  battery  or  cell  are  con- 
nected by  a  short  thick  copper  wire,  it  may  be  neglected,  and  we  get 

nE      E 

an  expression  the  same  as  that  for  a  single  cell ;  and  we  see  the  reason  of  the  fact 
that  the  current  in  such  a  case  is  not  increased  by  joining  a  number  of  cells  in  series, 
that  is,  the  platinum  of  the  first  to  the  zinc  of  the  second,  and  so  on.  In  fact,  the 
electromotive  force  does  almost  all  its  work  in  sending  the  current  through  the  cir- 
cuit against  the  internal  resistance  of  the  cells,  and  though  the  electromotive  force 
is  increased  by  increasing  the  number  of  cells,  the  resistance  is  also  increased  in 
the  same  proportion,  and  the  strength  of  the  current  remains  the  same.  On  the 
other  hand,  when  the  battery  is  used  to  send  a  current  through  a  very  great  inter- 
polar resistance,  as  is  the  case  with  a  long  telegraph  line,  the  internal  resistance 
of  the  cells  may  be  neglected  in  comparison  with  the  external  resistance,  For  a 
battery  of  n  cells  then,  we  have 

W 

which  shows  that  the  strength  of  the  current,  as  long  as  that  is  the  case,  increases 
directly  with  the  number  of  cells  used. 

Again,  suppose  we  alter  the  cells  by  making  the  plates  larger,  or,  what  is  the 
same  thing,  Buppose  we  associate  a  number  of  cells,  so  that  all  their  zincs  are  joined 
together,  and  likewise  all  the  platinums.  In  this  case  we  do  not  obtain  a  system 
whose  electromotive  force  is  greater  than  that  of  a  single  cell,  but  by  increasing  the 
size  of  the  plates  we  increase  the  section  of  the  cell,  and  thus  diminish  the  resist- 
ance, which  is  inversely  proportional  to  the  section  of  the  conductor.  The  same  is 
the  case  when  we  join  a  number  of  cells  as  we  have  described  them.  Let  in  be  the 
number  of  cells  used,  then 
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8=  t •  «  T". 

hW 
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Thus,  if  w  is  small  compared  with  /,  we  increase  the  current  by  employing  a  large 
number  of  cells.  Tet  we  do  not  obtain  an  unlimited  increase  in  the  strength  of  the 
current,  for  ultimately  mw  in  the  denominator  becomes  great  compared  with  R,  and 
the  fraction  becomes 

wE      E 

mw      w 

Lastlv,  Ohm's  law  shows  us  how,  given  a  certain  number  of  cells  and  a  certain 
external  resistance,  to  arrange  our  battery  so  as  to  produce  the  greatest  current 
With  a  number  of  cells  we  may  make  a  number  of  different  combinations,  each  of 
which  would  give  a  different  strength  of  current  when  applied  to  a  fixed  interpolar 
resistance.  Thus  we  might  arrange  them  all  in  a  series,  and  this  would  be  best,  as 
we  have  seen,  when  the  interpolar  resistance  is  very  great,  or  we  might  couple  the 
sine  to  zinc  and  platinum  to  platinum,  which  would  be  best  with  an  extremely  small 
interpolar  resistance ;  or  we  might  couple  sets  of  the  zinc  to  zinc  and  platinum  to 

Slatinum  and  arrange  these  sets  in  series.    Suppose  we  have  n  cells,  and  that  we 
ivide  them  into  t  sets  having  8  cells  in  each,  so  that  n  =  t  s  ;  then,  according  to 
the  principle  we  have  laid  down,  the  equation 

t  E nE 

~  ti+w~tl+sw 

8 

expresses  the  strength  of  the  current  in  terms  of  the  electromotive  force  E  and  the 
resistance  I  that  of  a  single  cell,  and  w  that  of  the  interpolar  conductors.  It  is 
easy  to  prove  from  this  that  S  is  a  maximum,  that  is  to  say,  that  the  greatest  cur- 
rent is  obtained  when 

tl 

that  is,  when  the  whole  internal  resistance  is  equal  to  the  external  resistance.  For 
example,  give  27  cells  each  with  an  internal  resistance  expressed  by  the  number  12, 
it  is  required  to  arrange  them  most  advantageously  to  send  a  current  through  an  in- 
terpolar resistance  expressed  by  the  number  36.  If  we  arrange  them  in  systems  of 
3  each  and  make  the  9  systems  to  act  in  series,  we  shall  have 

tl      9X12  .  Ex  27  E 

7 ST  g36-inwhlchcase8  =  9xl2H-3x36=8 

It  will  be  found  on  making  the  calculation  that  this  is  the  greatest  current  that  can 
be  obtained  under  the  conditions  given. 

Oil.  A  general  term  applied  to  an  immense  number  of  bodies  which  have  certain 
physical  properties  in  common.  They  may  be  divided  into  two  great  classes,  fixed 
oils  and  volatile  or  essential  oils.  Oils  are  almost  all  liquid  at  the  ordinary  temper- 
ature, are  more  or  less  viscid,  and  insoluble  in  water.  They  are  imflammable  either 
at  the  ordinary  temperature  or  when  heated.  The  fixed  oils  are  not  volatile  without 
decomposition.  Borne  of  them  oxidize  when  exposed  to  the  air  and  dry  to  a  caout- 
chouc-like substance,  whilst  others  arc  non-drying.  The  essential  oils  are  of  a  pecu- 
liar pungent  odor,  distil  without  decomposition,  and  are  very  inflammable.  The  fol- 
lowing table  gives  the  most  important  oils : 

Fixed  Oils. 

Drying.  Nan-drying.  Von-drytag. 

Linseed  oil.  Almond  oil.  Earth  nut  oil. 

Poppy  oil.  Beech  nut  oil.  Oil  of  mustard. 

Sunflower  oil.  Castor  oil.  Rape  seed  oil. 

Walnut  oil.  Cotton  seed  oil.  Sesame  oil. 

Tobacco  seed  oil.  Colza  oil.  Olive  oil. 
Cress  seed  oil. 
32 
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Essential  Oils. 

Oil  of  anise.  Oil  of  cloves.  Oil  of  nutmeg. 

Oil  of  bergamot.  Oil  of  lavender.  Oil  of  orange  peeL 

Caieput  oil.  Oil  of  lemon.  Oil  of  peppermint 

Oil  of  carraway.  Oil  of  mint.  Oil  of  rose. 

Oil  of  cassia.  Oil  of  myrrh.  Oil  of  thyme. 

Oil  of  cedar.  Oil  of  nerolL  Oil  of  turpentine. 

Oil  of  Bitter  Almonds.    See  Almonds,  Oil  of  Bitter. 
Oil  of  Turpentine.    See  Turpentine,  Oil  of. 
Oil  of  Vitriol.    See  Sulphur,  Sulphuric  Acid. 

Olefiant  Gas.  Known  also  as  ethylene,  bi-carburetted  hydrogen,  and  heavy 
carburretted  hydrogen.    Is  a  colorless  gas,  odorless,  and  irrespirable.    Specific 

fravity  0.9784.  Formula  C«H4.  It  is  insoluble  in  water,  sparingly  soluble  in  alco- 
ol,  freely  so  in  ether.  In  chemical  properties  it  acts  as  a  diatomic  radical,  uniting 
with  chlorine,  bromine,  oxygen,  sulphur,  etc.,  and  forming  ethers  with  the  peroxides 
of  various  acid  radicals.  With  the  elements  of  two  atoms  of  peroxide  of  nydrogeo 
it  forms  the  diatomic  alcohol  glycol.    (See  Alcohols,  Series  of.) 

Oleic  Acid.  A  fatty  acid  of  the  composition  018H3402,  contained  in  tallow,  olive, 
and  other  oils ;  above  14°  C.  (57°  F.)  it  is  liquid ;  below  that  it  is  a  white  crystal- 
line solid.  It  forms  salts  with  bases ;  the  oleate  of  sodium  enters  into  the  composi- 
tion of  soap. 

Opacity.  (Opacitas.)  That  quality  of  a  substance  which  causes  it  to  be  imper- 
vious to  light.  The  term  is  sometimes  extended  to  the  whole  spectrum,  thus  we 
speak  of  alum  as  being  opaque  to  heat,  and  orange  glass  as  being  opaque  to  the 
actinic  rays.    Opacity  is  the  opposite  to  transparency. 

Opacity  of  Transparent  Media.  In  the  passage  from  one  medium  to  another 
of  a  different  refractive  index,  light  is  always  reflected ;  and  this  reflection  may  be 
so  often  repeated  as  to  render  a  mixture  of  two  transparent  substances  practically 
impervious  to  light.  The  frequency  of  the  reflections  at  the  limiting  surfaces  of  air 
and  water  renders  foam  opaque;  whilst  the  blackest  clouds  owe  their  gloom  to  this 
repeated  reflection,  which  diminishes  their  transmitted  light. 

Opalescence  of  the  Atmosphere.  Professor  Roscoe  has  carried  out  an  elaborate 
investigation  on  the  opalescence  of  the  atmosphere,  and  has  thrown  light  upon  the 
vexed  question  of  the  cause  of  the  blue  color  of  the  heavens,  and  the  ruddy  tints 
of  sunrise  and  sunset.  (Proceedings  of  the  Royal  Institution,  June  1,  1866.) 
Since  the  time  of  Leonardo  da  Yinci,  this  subject  has  been  a  favorite  ground  for  the 
display  of  meteorological  speculations.  Da  Vinci,  and,  afterwards,  Goethe,  believed 
that  the  blueness  of  an  unclouded  sky  was  due  to  the  passage  of  the  white  light 
through  the  atmosphere  containing  finely  divided  particles.  Newton  explained  the 
blue  color  of  the  heavens  by  the  existence  in  the  atmosphere  of  very  minute  hollow 
vesicles  of  water  upon  which,  as  on  a  soap  bubble,  the  colors  of  thin  plates  become 
perceptible ;  and  according  as  the  thickness  of  the  walls  of  these  vesicles  increased 
so  would  the  color  change  from  blue  to  yellow,  orange  and  red ;  and  thus  by  very 
frequent  reflections  the  various  tints  from  sky-blue  to  sunset  red  could  be  explained. 
Founded  upon  this  theory  Clausius  has  calculated  the  relative  intensities  of  direct 
sunlight,  and  the  diffuse  reflected  light  of  the  skv  for  varying  altitudes  of  the  sun. 
Some  physicists  have  assumed  that  the  air  itself  has  a  blue  color,  whilst  others  have 
admitted  that  if  air  be  of  a  blue  color  by  reflected  light,  it  should  appear  red  by 
transmitted  light.  Others  again,  in  order  to  avoid  the  difficulty  of  explaining  the 
great  variety  of  sunset  tints,  have  assumed  these  tints  to  be  an  ocular  deception, 
caused  by  the  presence  of  clouds  which  receive  and  repeat  the  color.  Many  physi- 
cists have  suggested  that  the  atmosphere,  being  filled  with  small  particles  of  floating 
solid  matter,  acts  like  an  opalescent  medium,  and  transmits  only  red  light ;  but  it  is 
to  Brllcke  (Pogg.  Ann.,  vol.  lxxxviii.,  p.  363),  that  we  are  indebted  for  a  complete 
statement  and  masterly  investigation  of  this  view  of  the  subject.'    Forbes  again 


tain  circumstances  aqueous  vapor,  or  rather  water  in  finely  divided  particles,  is  able 
to  absorb  the  blue  rays,  and  that  the  sun  looked  red  when  seen  through  a  particular 
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portion  of  a  jet  of  escaping  steam,  attributes  the  sunset  red  solely  to  the  presence  of 
water  in  this  peculiar  state  of  division.  Dr.  Roscoe  (Phil.  Trans.  1865,  p.  605) 
has  explained  tne  principles  of  a  method  by  the  application  of  which  we  are  able  to 
gain  some  knowledge  of  the  distribution  of  the  chemically  active  rays  on  the  earth's 
surface  and  their  variation  from  time  to  time  (see  Actinometer  ;  Daylight,  Actinic 
Intensity  of).  By  comparing  the  mean  intensities  for  the  summer  and  winter  sol- 
stices, and  the  equinoxes,  as  measured  at  Manchester,  it  has  been  shown  that  the 
increase  of  chemical  action  from  December  to  March  is  not  nearly  so  great  as  that 
from  March  to  June.  This  difference  cannot  be  attributed  to  the  common  absorp- 
tion exerted  by  the  atmosphere,  but  may  be  explained  as  being  the  necessary  conse- 
quence of  a  peculiar  absorptive  action  which  the  atmosphere  effects  upon  the  chemi- 
cally active  rays,  and  to  which  the  name  of  opalescence  may  be  given.  The  method 
adopted  by  Dr.  Roscoe  consists  simply  in  determining  the  chemical  intensity  of  the 
total  daylight  (sunlight  and  diffused  light),  and  immediately  afterwards  shading  off 
the  sun's  direct  rays  by  means  of  a  small  disk  or  sphere  of  metal  whose  apparent 
diameter  is  only  slightly  greater  than  that  of  the  solar  disk,  seen  from  the  posi- 
tion of  the  sensitive  paper.  In  this  way  the  chemical  intensity  of  the  total  (direct 
and  diffused)  light  is  compared  with  that  given  off  by  the  whole  of  the  heavens 
alone,  and  the  difference  gives  the  chemical  intensity  of  the  direct  sunlight.  Ex- 
periment soon  proved  that  the  relative  intensity  of  the  actinic  light  coming  directly 
from  the  sun  is  very  much  less  than  would  be  ordinarily  supposed,  judging  from  the 
intensity  of  the  visible  light ;  thus  at  Manchester  it  was  found  when  the  sun  was 
12°  3'  above  the  horizon,  that  of  100  actinic  rays  falling  on  the  horizontal  surface 
less  than  5  were  due  to  the  direct  sunlight,  whilst  95  came  from  the  diffused  light  of 
the  heavens,  even  when  the  sky  was  unclouded ;  at  the  same  instant,  of  100  rays  of 
visible  light  as  affecting  the  eye,  60  came  directly  from  the  sun,  and  only  40  from 
the  diffused  skylight.  The  explanation  of  this  anomalous  result  is  thus  given  by 
Dr.  Roscoe.  Let  us  take  a  very  slightly  milky  liquid,  such  as  water  containing  -^th 
grain  of  suspended  sulphur  in  the  gallon.  So  slight  is  the  opalescence  thus  pro- 
duced that  we  can  scarcely  detect  it,  nevertheless  this  minute  trace  of  very  finely 
divided  sulphur  is  sufficient  to  cut  off  the  chemically  active  rays.  We  have  here  an 
exact  imitation  of  the  condition  of  the  atmosphere  as  regards  the  actinic  rays.  We 
see  that  light  of  a  high  degree  of  refrangibihty  cannot  pass  through  the  water  con- 
taining the  finely  divided  sulphur,  because  it  is  reflected  back  again  by  the  particles 
of  sulphur.  If  the  white  beam  of  the  electric  lamp  be  passed  through  a  tube  3  feet 
long  fitted  with  glass  plates  at  each  end  aud  filled  with  a  scarcely  visibly  opalescent 
liquid,  all  the  blue,  green,  and  yellow  rays  will  be  completely  cut  off  and  the  emerg- 
ing beam  of  light  is  deep  red.  If  the  visible  light  is  diminished  to  one-third,  by 
roeanB  of  opalescent  sulphur  the  chemically  active  rays  are  altogether  cut  off.  In 
opal  glass  we  have  perhaps  a  still  better  illustration  of  the  action  of  minute  parti- 
cles on  rays  of  light.  The  opalescence  of  the  glass  is  caused  by  the  presence  of 
very  minute  particles  of  phosphate  of  lime  or  of  arsenious  acid  which  are  dissemi- 
nated throughout  the  mass.  By  reflected  light  this  glass  appears  white,  or  bluish- 
white;  by  transmitted  light  it  appears  orange.  If  we  place  a  bright  source  of  white 
light  behind  the  glass,  we  see  that  the  direct  rays  are  red,  whilst  the  general  diffused 
light  reflected  from  the  particles  of  the  finely  divided  matter  in  the  glass  is  bluish- 
white.  So,  too,  the  atmosphere  is  filled  with  particles  which  reflect  the  blue  rays 
and  transmit  the  red.  What  the  exact  nature  of  these  particles  may  be,  it  is  hard 
to  say.  We  know,  however,  that  the  air  is  always  filled  with  minute  solid  bodies,  as 
is  evidenced  by  the  germs  which  are  constantly  present  and  cause  fermentation  and 
putrefactive  decomposition.  We  see  it  also  in  tne  fact  that  soda  can  always  be  de- 
tected in  the  atmosphere  by  spectrum  analysis.  We  notice  these  particles  as  motes 
dancing  in  the  sunbeam,  or  in  those  grander  paths  of  light  which  sometimes  shoot 
up  into  the  sky  from  a  setting  sun.  The  phenomenon  may,  perhaps,  be  caused  by 
that  finely  divided  extra-terrestrial  meteoric  dust  which  is,  according  to  many  physi- 
cists, constantly  falling  through  the  atmosphere  to  the  earth's  surface.  These  solid 
particles  in  the  air  may  produce  the  above  effects,  and  certainly  could  produce  them  ; 
out  we  must  remember  that  small  particles  of  water  are  also  able  to  transmit  only 
red  rays,  and  that,  as  Forbes  has  shown,  the  glorious  ruddy  tints  of  the  setting  sun 
are  doubtless  partly  caused  by  aoueous  vapor.  The  following  tables  give  the 
results  of  observations  by  Dr.  Wolkoffat,  Heidelberg ;  by  Mr.  Baker  at  Kew ;  by 
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Mr.  Baxendell  at  Cheetham  Hill ;  by  Dr.  Boscoe  at  Owen's  College ;  and  by  Mr. 
Thorpe  at  Para : — 

Heidelberg. 


Group  l. 
"  2. 
"  8. 
"  4. 
"      5. 


Number  of 
Observations. 


10 
19 
31 
22 
17 


Range  of 

Altitude  of 

Sun. 


0°  to  15° 
16         80 
80         46 

46         60 

above  60 


Mean 

Altitude  of 

Sun. 


7°15/ 
24  43 
84  84 
63  87 
62    80 


Intensity  of 

Sky  or 

diffused 

Daylight. 


.048 
.134 
.170 
.174 
.199 


Intensity  of 

direct 

8unlight. 


.002 
.066 
.136 


!si» 


Ratio  of  Sun 
to  Sky. 


0.041 
0.472 
0.800 
1.511 
1.603 


Cheetham  Hill. 


Number  of  Observations. 

Mean 

Altitude  of 

Sun. 

Intensity  of 

Sky  or 

diffused 

Daylight. 

Intensity  of 

direct 

Sunlight. 

Ratio  of  Sun 
toflky. 

Sky. 

Sun. 

Group  1. 
"     2. 
"    a. 

23 
22 
18 

24 
22 
17 

19°  9V 
25    81 
84      8 

.064 
.091 
.104 

.012 
.019 
.026 

0.187 
0.208 
0.260 

Owen's  College. 

Number  of  Observations. 

[Mean 

Altitude  of 

Sun. 

Intensity  of 

■  Sky  or 

diffused 

Daylight. 

Intensity  of 

direct 

Sunlight 

Ratio  of  Sun 

Sky. 

Sun. 

to  Sky. 

Group  1. 
"     2. 
"     3. 

33 
20 

4 

34 

24 

6 

17°    8' 
26    38 
64    12 

.066 
.074 
.140 

.007 
.008 
.043 

0.108 
0.108 
0.308 

Kew. 


Number  of  Observations. 

Mean 

Altitude  of 

Sun. 

Intensity  of 

Sky  or 

diffused 

Daylight. 

Intensity  of 

direct 

Sunlight. 

Ratio  of  Sua 

Sky. 

Sun. 

to  Sky. 

Group  1. 
"      2. 
«•      3. 
"      4. 

18 
8 
7 
6 

18 
8 
7 
6 

12°  55' 
21      8 
28    16 
41    23 

0.065 
0.073 
0.104 
0.135 

0.014 
0.030 
0.056 
0.107 

0.213 
0.416 
0.538 
0.792 

Para. 


Number  of  Observations. 

Mean 

Altitude  of 

Sun. 

Intensity  of 

Sky  or 

diffused 

Daylight. 

Intensity  of 

direct 

Sunlight. 

Ratio  of  Sun 

8ky. 

8un. 

to  Sky. 

Group  1. 
**     2. 
••     3. 

20 
25 
26 

20 
25 
26 

42°  21' 
62    49 
77    20 

.461 
.652 
.660 

.168 
.277 
367 

.872 
.601 
.404 

Opals,  Optical  Phenomena  Of.  These  have  been  examined  by  Mr.  Crookes 
(Proceedings  of  the  Royal  Society,  1869,  p.  448).  When  a  ^ood  fiery  opal  is  ex- 
amined in  day,  snn,  or  artificial  light,  it  appears  to  emit  vivid  flashes  of  crimson, 
green,  or  bine  light,  according  to  the  angle  at  which  the  incident  light  falls,  and  the 
relative  position  of  the  opal  and  the  observer ;  for  the  direction  of  the  path  of  the 
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emitted  beam  bears  no  uniform  relation  to  the  angle  of  the  incident  light  Examined 
more  closely,  the  flashes  of  light  are  seen  to  proceed  from  planes  or  surfaces  of  irregu- 
lar dimensions  inside  the  stone,  at  different  depths  from  the  surface,  and  at  all  angles 
to  each  other.  Occasionally  a  plane,  emitting  light  of  one  color,  overlaps  a  plane 
emitting  light  of  another  color,  the  two  colors  becoming  alternately  visible  upon 
slight  variations  of  the  angle  of  the  stone ;  and  sometimes  a  plane  will  be  observed 
which  emits  crimson  light  at  one  end,  changing  to  orange,  yellow,  green,  etc.,  until 
the  other  end  of  the  plane  shines  with  a  blue  light,  the  whole  forming  a  wonderfully 
beautiful  solar  spectrum  in  miniature.  The  colors  are  not  due  to  the  presence  of 
any  pigment,  but  are  interference  colors  caused  by  minute  striae  or  fissures  lyin£  in 
different  planes.  By  turning  the  opal  round,  and  observing  it  from  different  direc- 
tions, it  is  generally  possible  to  get  a  position  in  which  it  shows  no  color  whatever. 
Viewed  by  transmitted  light,  opals  appear  more  or  less  deficient  in  transparency, 
and  have  a  slight  greenish-yellow  or  reddish  tinge.  If  an  opal,  which  emits  a  fine 
broad  crimson  light,  is  held  in  front  of  the  slit  of  a  spectroscope  or  spectrum-micro- 
scope at  the  proper  angle,  the  light  is  generally  seen  to  be  purely  homogeneous,  and 
all  the  spectrum  that  is  visible  is  a  brilliant  luminous  line  or  band,  varying  some- 
what in  width,  and  more  or  less  irregular  in  outline,  but  very  sharp,  and  shining 
brightly  on  a  perfectly  black  ground.  If  now  the  source  of  light  is  moved,  so  as 
to  shine  into  the  spectrum  apparatus  through  the  opal,  the  above  appearance  is 
reversed,  and  we  have  a  luminous  spectrum  with  a  jet-black  band  in  the  red,  iden- 
tical in  position,  form  of  outline,  and  sharpness  with  the  luminous  band  previously 
observed.  If  instead  of  moving  the  first  source  of  light  (which  gave  the  reflected 
luminous  line  in  the  red),  another  source  of  light  be  used  for  obtaining  the  spec- 
trum, the  two  appearances  of  a  colored  line  on  a  black  ground,  and  a  black  line 
on  a  colored  ground,  may  be  obtained  simultaneously,  and  they  will  be  seen  to  fit 
accurately.  Those  parts  of  the  opal  which  emit  red  light  are  therefore  seen  to  be 
opaque  to  light  of  the  same  refrangibility  as  that  which  they  emit;  and  upon 
examining,  in  the  same  manner,  other  opals  which  shine  with  green,  yellow,  or  blue 
light,  the  same  appearances  are  observed,  showing  that  this  rule  holds  good  in  these 
cases  also.  It  is  doubtless  a  general  law,  following  of  necessity  the  mode  of  produc- 
tion of  the  flashes  of  color. 
Opaque  Bodies,  Indices  of  Refraction  of.    As  the  index  of  refraction  is  the 

tangent  of  the  angle  of  polarization  (see  Polarizing  Angle),  if  the  polarizing  angle 
is  known,  the  index  of  refraction  can  be  calculated.  In  this  manner  it  is  possible 
to  ascertain  the  indices  of  refraction  of  many  opaque  bodies,  such  as  metals,  pro- 
vided the  maximum  polarizing  angle  of  the  body  is  known.  Under  the  heading 
Metallic  Reflection,  the  polarizing  angle  of  several  such  bodies  is  given,  and  from 
these  data  the  following  table  may  be  calculated : — 


.me  of  Substance. 

Index  of 
Refraction. 

Grain  tin 

4.915 

Mercury         .        • 

4.893 

Galena 

4.773 

Iron  pyrite 

4.511 

Gray  cobalt    . 

4.309 

Speculum  metal 

4.011 

Antimony,  melted  . 

3.844 

Name  of  SnUtaaoa. 

Index  of 
Refraction. 

Steel 

3.732 

Bismuth     . 

3.689 

Pure  silver 

3.271 

Zinc 

3.172 

Tin  plate,  hammered  . 

2.879 

Jeweller's  gold  . 

2.864 

Opera-Glass,  An  opera-glass  is  a  short  achromatic  telescope,  arranged  so  as  to 
give  a  low  magnifying  power  (two  or  three  diameters  at  most),  together  with  as  large 
a  field  and  as  much  light  as  possible.  The  object  glass  is  of  the  ordinary  achro- 
matic construction,  but  the  eye-  piece  consists  of  a  concave  achromatic  lens  placed 
within  the  focus.  This  prevents  the  inversion  of  objects.  An  opera-glass  usually 
consists  of  two  barrels  side  by  side,  one  for  each  eve,  provided  with  rackwork  ad- 
justment. The  telescope  first  used  by  Galileo  was  of  this  construction.  (See  Gali- 
lean Telescope.) 

Ophiuchus.    (6>k>  a  serpent,  and  «*w,  to  hold.    The  Serpent-holder.)    One  of 
Ptolemy's  northern  constellations,  sometimes  called  Serpentarius.    It  is  represented 
under  the  figure  of  a  man  grasping  a  serpent.    This  constellation  is  of  great  exter* 
and  contains  many  remarkable  double  stars  and  other  telescopic  objects.    The 
70  Ophiuchi  is  a  well-known  binary. 
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Ophthalmoscope.  {o$9aXfMft  the  eye,  and  axortto,  to  view.)  An  instrument  for 
viewing  the  interior  of  the  eye.  Light  is  condensed  into  the  eve  by  means  of  a  con- 
cave mirror,  through  a  small  hole  in  the  centre  of  which  the  observer  examines  the 
eye  by  means  of  a  lens.  This  is  the  simplest  form ;  but  opthalmoscopes  are  now  made 
much  more  complicated,  their  efficiency  being  increased  by  numerous  adjustments. 

Opium.  The  dried  juice  of  the  capsules  of  the  white  poppy  (papaver  somnife- 
rum.)  It  is  a  somewhat  hard,  brown,  resinous  mass,  of  a  peculiar  taste  and  odor. 
It  is  a  very  complex  substance,  of  the  highest  medicinal  value,  and  contains  several 
alkaloids,  the  most  important  of  which  are  morphine  and  narcotine,  which  see. 

Optic  Axes  of  Crystals.  Crystals  which  possess  the  property  of  double  refrac- 
tion (see  Double  Refraction  of  Crystals)  exert  it  in  different  degrees,  according 
to  the  direction  in  which  the  ray  of  light  passes  through  them.  The  direction  along 
which  there  is  no  double  refraction  of  the  light  is  called  the  optic  axis  of  the  crystal. 
Crystals  belonging  to  the  pyramidal  and  rhombohedral  systems  have  only  one  optic 
axis,  and  are,  therefore,  called  uniaxial.  Crystals  belonging  to  the  prismatic,  ob- 
lique, and  anorthic  systems,  have  two  optic  axes,  and  are  called  biaxial.  The  axes 
in  biaxial  crystals  may  be  at  any  inclination  to  one  another,  from  a  few  degrees  to 
90°.  The  relative  position  of  the  axes  is  altered  by  temperature,  and  sometimes 
varies  according  to  the  colored  light  by  which  they  are  examined. 

The  following  table  of  the  more  important  biaxial  crystals  gives  the  inclinations 
of  their  optic  axes  to  each  other.    (See  Brooke's  Natural  Philosophy,  p.  686.) 

Principal  Axis,  Positive. 

Sulphate  of  nickel  .  3°  to"42° 

Biborate  of  soda    .        .  28°42' 

Sulphate  of  baryta        .  37°42' 

Heulandite    .        .        .  41°40' 

Sodio-sulphate  of  magnesia  46°49/ 

Brazilian  topaz      .        .  49°  to  50° 

Sulphate  of  strontia       .  50°0' 

Sulphate  of  lime    .        .  60°0' 

Nitrate  of  silver    .        .  62°16' 

Scottish  topas       .        .  65°0' 

Sulphate  of  potash         .  67°0' 

Potassio-tartrate  of  soda  80°0' 

Optical  Phenomena  of  Opals.    See  Opals,  Optical  Phenomena  of. 

Optical  Saccharometer.    See  Saccharometer,  Optical. 

Optics,  (ofttucos,  oh,  root  of  ottoofuu,  future  of  6paw,  to  see.)  The  science  which 
treats  of  thejphenomena  of  light  with  respect  to  vision. 

Orbit.  ( Orbita,  a  wheel-trackj  In  astronomy,  the  path  followed  by  any  celes- 
tial body.    (See  Planets  ;  Stars,  Double  ;  Lunar  Theory  ;  Keplerian  System,  etc.) 

Oroeine.  An  uncrystallizable  coloring  matter  contained  in  commercial  archil.  It 
is  prepared  from  orcin  by  the  action  of  ammonia  and  atmospheric  oxygen.  It  is 
slightly  soluble  in  water  and  very  soluble  in  alcohol,  forming  a  deep  scarlet  solution. 
Formula  GTH7N08.    It  is  sometimes  known  as  lichen-red. 

Ordinary  and  Extraordinary  Eay  of  Light.  When  a  ray  of  common  lieht 
passes  through  a  rhombohedron  of  calcspar,  it  is  divided  into  two  oppositely  polar- 
ized rays ;  the  one  which  is  refracted  in  accordance  with  the  general  law  for  transpa- 
rent media  is  called  the  ordinary  ray ;  whilst  that  which  is  refracted  so  as  to  form  a 
greater  angle  with  the  axis  than  the  ordinary  ray  is  called  the  extraordinary  ray. 

Ore.  (Danish,  aare,  a  vein.)  Natural  compounds  of  metals  with  the  non-metallic 
elements,  chiefly  oxygen  or  sulphur,  are  called  ores  of  the  metals.  When  the  metals 
occur  by  themselves,  or  alloyed  with  other  metals,  they  are  said  to  be  native.  Some- 
times the  mineral  in  which  the  metal  or  other  valuable  substance  is  found  is  called 
the  ore ;  thus  we  hear  of  diamond  ore,  sulphur  ore,  etc  In  such  cases,  the  term 
matrix  would  be  more  appropriate.  Iron  pyrites  (native  sulphide  of  iron),  which  is 
so  largely  used  as  a  source  or  sulphur,  is  now  called  sulphur  ore. 

Organ,  (opyaiw,  an  instrument.)  In  music  a  collection  of  wind  instruments  so  at- 
tached to  a  key-board  that  they  may  be  played  by  the  fingers  of  a  single  performer. 
The  organ  was  invented  at  an  early  period,  and  is  attributed  to  Ctesibius,  a  barber 


Principal  Axis,  Negative. 

Nitrate  of  potash 

5O207 

Carbonate  of  strontia 

6°56' 

Talc 

7°24' 

Carbonate  of  lead 

10°35' 

Mica,  some  varieties  . 

14°0' 

Sulphate  of  magnesia 
Carbonate  of  ammonia 

37024' 

43°24' 

Sulphate  of  zinc 

44°28' 

Sugar         .... 

50°0' 

Phosphate  of  soda 

55°20' 

Tartrate  of  potash 
Tartaric  acid 

71c20' 

79°0' 
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of  Alexandria.  Vitruvius  mentions  an  organ  which  was  blown  by  the  fall  of  water ; 
St.  Jerome  describes  one  with  twelve  pair  of  bellows,  which  could  be  heard  at  a 
distance  of  a  thousand  paces,  and  of  another  at  Jerusalem,  which  could  be  heard  on 
the  Mount  of  Olives. 

Large  organs  consist  of  several  rows  of  pipes,  with  the  same  series  of  notes  in  each. 
When  a  key  is  pressed  down  by  the  finger,  a  valve  opens  and  allows  air  from  the 


as  many  of  these  rows  as  are  required  may  be  opened  so  as  to  play  when  the  air  is 
driven  into  the  passage.  By  pushing  in  the  stops,  the  corresponding  rows  are  closed. 
Organ  pipes  either  have  a  vibrating  metallic  tongue,  or  simply  an  aperture  with  a 
cross  lip  to  cut  the  air  and  set  it  in  vibration.  The  former  are  termed  reed  pipes, 
and  the  latter  flute  pipes.  The  pitch  of  a  reed  pipe  depends  on  the  length  and  thick- 
ness of  the  tongue,  the  shape  and  length  of  the  pipe  giving  the  quality  to  the  note ; 
while  the  pitch  of  a  flute  pipe  depends  on  its  length  only.  The  pipes  are  usually 
made  either  of  wood  or  of  pewter,  i.  e.,  lead  mixed  with  a  small  proportion  of  tin.  The 
wooden  pipes  are  usually  square,  and  the  metallic  ones  cylindrical.  The  usual  compass 
of  a  large  organ  is  4£  octaves  played  from  the  key-board,  and  2£  octaves  in  the  pedal 
organ  played  by  the  feet.  A  swell  organ  is  one  which  is  inclosed  in  a  box  with 
shutters,  which  may  be  opened  or  closed  so  as  to  give  a  swelling  effect  to  the  sound. 
Organ  Pipes.  (Figs.  94,  95,  96,  97,  98.)  The  "  Pandean  Pipes"  form  an  in- 
strument  which  illustrates  the  simplest  form  of  the  wind  organ.  If  a  tube  closed 
at  one  end  be  held  with  its  closed  end  downwards,  and  its  open  end  pressed  against 


Fig.  94.     Fig.  95.         Fig.  96.         Fig.  97. 


Fig.  98. 


r 


the  under  lip,  and  if  air  be  forced  across  the  open  end,  a  note  can  be  produced  which 
is  shriller  the  shorter  the  tube.  The  Pandean  pipes  are  a  series  of  such  tubes  bound 
together,  along  the  open  ends  of  which  the  mouth  is  passed ;  the  tubes  vary  in 
length  and  diameter,  and  are  of  such  dimensions  that  the  notes  produced  form  a 
gamut  or  musical  scale.  In  the  organ  pipe  the  air  is  forced  into  a  sort  of  box  or 
mouthpiece,  and  escapes  therefrom  into  the  air  through  a  narrow  slit  at  the  top  of 
the  box.  The  pipe  fits  on  to  the  end  of  this  box.  The  side  of  the  pipe  near  the  slit 
is  depressed  inwards,  and  slightly  cut  away,  so  that  the  sharp  edge  of  the  depressed 
portion  is  just  above  the  slit  in  the  mouthpiece.  When  air  is  forced  into  the  mouth- 
piece, the  current  is  split  upon  the  sharp  edge  of  the  pipe ;  and  as  it  escapes  into  the 
air,  it  causes  waves  to  be  established  in  the  pipe.  The  number  of  vibrations  pro- 
duced per  second  depends  upon  (1)  the  length  of  the  pipe ;  (2)  whether  it  is  closed 
or  open  at  the  end ;  (3)  upon  its  depth,  that  is,  the  distance  from  the  front  to  the 
back,  supposing  the  slit  to  be  in  the  front.  The  width  of  the  pipe  is  without  effect 
upon  the  pitch  of  the  note,  but  affects  the  loudness.    If  we  suppose  the  pipe  to  give 
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its  fundamental  note,  the  length  of  the  pipe,  if  closed  at  the  end,  must  be  J  of  the 
wave-length  of  the  note.  (See  Wavelength..)  In  an  open  organ  pipe  the  length 
of  the  pipe  is  £  the  wave-length.  By  diminishing  the  size  of  the  slit,  or  increasing 
the  rapidity  of  the  air  current,  the  harmonica  of  these  notes  can  be  formed.  It  fol- 
lows that  if  two  organ  pipes,  otherwise  alike,  and  treated  alike,  give  the  same  note 
— one  being  closed  and  the  other  open — the  open  pipe  is  twice  as  long  as  the  closed 
one.  In  order  to  ascertain  experimental! y  the  condition  of  the  air  as  to  the  position 
of  its  loops  and  nodes,  that  is,  points  of  rest  and  regions  of  greatest  amplitude 
when  the  pipe  is  sounding  its  fundamental  note  or  its  harmonics,  a  little  tambourine 
of  thin  stiff  paper  may  be  raised  and  depressed  as  the  pipe  is  sounded.  Thus,  in  a 
closed  pipe,  the  agitation  is  found  to  be  greatest  at  the  mouthpiece,  and  to  diminish 
gradually  to  the  closed  end  where  there  is  a  node.  In  an  open  pipe  the  end  of  the 
tube,  the  mouthpiece  and  the  centre,  are  found  to  be  loops  or  regions  of  greatest 
amplitude  of  vibration,  while  two  nodes  are  found  at  the  distance  of  J  and  f  from 
the  mouthpiece. 
Organic  Families,  Series  of.    According  to  Dr.  Odling  t— 


ManMonlt  Aloohola. 

C  H,  0  Metuylic. 
0,  H,  0  Ethylic. 
t',  H„  0  Propylic 
€,  H,„0  Butylic 
C,  H.,0  Amylic 
€,H„OHexylio. 
0,  H„0  Anthylie 
C„  ECO  Octylic 
0,  HmO  Nonylie 


C-H„0  Cerylic. 
C„H„0  Melylic. 
C.  H,  0  Anilic. 
C,  H,  0  Benaylic 
C,  H,0O  Xylylic 
C,  H.,0  Retylic. 
0„H«°  Cymylic. 


0  H,  0,  Formic. 
C,  H,  0,  Acetic 
C,  TI,  0,  Propionic. 
C4  H„  0,  Butyric. 
C,  Hlo0,  Valeric 
C.HuOjCaproic. 
0,  H..0,  (Enanthic 
C,  H.,0,  Thetic 
C,  H.,0,  Pelargic 
C1-H«0.  Rutic 
C„H„Ot  Euodic 
C„H„0,  Laurie 
CuII-O,  Oocinio. 
C,.H-,0,  Myristic. 
C1(HwO,  Benic. 
Cl4H„0,  Palmitic. 
CnH^O,  Margaric 
CibH^Oj  Stearic 
C,.HmO,  Balenlc 
0^H„0,  Aracbldie 
C,,H„0,  Nardic. 
C-HH0,  Cerotic 
C„HwO,  Melissic 
C,  H,  0,  Collie 
C,  H,  0,  Bensoic 
C,  H,  0,  Tolnic 
0,H100,  Deltic 
0„H„0,  Commie 


C,H,0,  Oxalic. 
C,  H,  0,  Malonic 
C,H,0,  Succinic 
Cb  H,  0,  Pyrotartric 
C,  H,eOt  Adipic 
C,  H^O,  Pimelic. 
C8Hlt04  Suberic 
C,  n„04  Anchoic 
C^O,  Sebacic 


C,  H,  Ot  Phthallc. 
CtHsOiInBolinic(t) 


Oriental  Amethyst.    See  Aluminium. 

Oriental  Topaz.    See  Aluminium. 

Orion.  One  of  Ptolemy's  constellations.  The  celestial  equator  divides  this 
constellation  into  two  nearly  equal  portions.  It  is,  beyond  question,  the  finest 
asterism  in  the  heavens.  Independently  of  the  bright  orbs  which  render  it  an  object 
of  admiration  to  all,  it  is  distinguished  among  telescopists  for  the  surprising  number 
of  objects  of  interest  which  it  presents  to  their  observation.  Its  two  leading  orbs, 
Betelgeuz  and  Rigel,  are  each  remarkable,  the  former  as  one  of  the  moBt  perplexing 
variables  in  the  heavens  (see  Start,  Variable),  the  latter  as  a  fine  double.  The 
central  star  of  the  belt  (Epsilon)  is  involved  in  nebulosity,  and  recognised  as  a 
variable.  The  lowest  star  of  the  sword  (Iota)  is  also  involved  in  nebulosity.  But 
more  interesting  than,  either  of  these  objects,  or  than  any  of  the  double,  triple,  and 
multiple  stars  with  which  the  constellation  abounds,  is  the  wonderful  nebula  which 
surrounds  the  middle  star  (Theta)  of  the  sword.  This  amazing  nebula  has,  perhaps, 
attracted  more  attention  among  telescopists  than  any  other  object  in  the  heavens. 
(See  Nebula) 
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Orpiment.    See  Arsenic,  Sulphides  of. 

0rr6ry.  A  machine  for  showing  the  motions  of  the  planets,  satellites,  etc  As 
Sir  John  Herschel  has  well  remarked,  orreries  are  "  very  childish  toys." 

Osoillation,  Centre  Of.  (Oscillatio,  from  oscillum,  a  swing.)  A  point  in  a  pen- 
dulum such  that,  if  all  the  weight  of  the  pendulum  were  concentrated  at  the  point, 
and  the  latter  rigidly  connected  with  the  centre  of  suspension  of  the  pendulum,  the 
oscillations  would  be  performed  in  the  same  time  as  before.  It  is  the  distance  of  the 
centre  of  oscillation  from  the  centre  of  suspension  which  has  to  be  considered  as  the 
length  of  the  pendulum  in  all  mathematical  calculations.    (See  Pendulum.) 

OttillationB,  Goexiltence  of  small.  The  motion  of  any  system  of  bodies  may 
always  be  supposed  to  be  made  up  of  a  number  of  simultaneous  oscillations  analo- 
gous to  those  of  a  simple  pendulum,  each  of  which  is  called  a  simple  oscillation.  We 
can  determine  the  motion  of  the  system  from  general  laws  if  we  know  the  conditions 
under  which  it  exists  at  some  particular  instant  of  time.  The  entire  motion  of  a 
body  is  made  up  of  all  the  simple  oscillations  of  which  its  particles  are  capable  under 
the  existing  conditions.  When  the  periods  of  the  simple  oscillations  are  commensura- 
ble, the  whole  system  will  return  to  the  same  state  in  an  interval  of  time  equal  to  the 
least  common  multiple  of  these  periods.    (See  Lagrange's  Mtcanique  Analytique.) 

Osmiridium.    See  Iridosmium. 

Osmium.  (<*fu?,  odor.)  An  element  associated  with  platinum,  usually  considered 
to  be  a  metal,  but  possessing  properties  which  have  led  many  persons  to  consider  it 
a  metalloid.  Symbol,  Os;  atomic  weight,  199;  specific  gravity,  21.4.  It  usually 
occurs  alloyed  with  iridium,  in  the  form  of  metallic-looking  white  grains,  called  os- 
miridium  or  iridosmine.  It  is  the  most  infusible  of  all  metals,  as  it  does  not  melt 
at  the  temperature  at  which  platinum  is  a  gas.  In  the  densest  state  in  which  it  has 
been  obtained  it  is  a  bluish-white,  rather  spongy,  metallic  mass,  which  will  scratch 
glass.  In  the  pulverulent  state  it  is  very  combustible,  forming  osmic  acid.  The 
same  oxide  is  also  formed  when  the  compact  metal  is  heated  in  the  air  to  redness. 
The  only  compound  which  we  need  mention  is  the  tetroxide,  known  as 

Osmic  Acid.  (Os04.)  This  is  a  beautiful  crystalline  substance  which  melts  to  a 
colorless  liquid  below  the  boiling  point  of  water,  and  boils  and  volatilizes  a  little 
above  that  temperature.  It  dissolves  in  water  and  also  in  alkalies,  but  it  does  not 
appear  to  form  definite  compounds  with  them. 

Osmose.  (<*?p<*,  impulsion.)  A  word  used  to  express  the  phenomena  attending 
the  passage  of  liquids  through  a  porous  septum ;  it  includes  endosmose  and  exos- 
mose,  terms  which  are  now  seldom  used.  When  two  saline  solutions,  differing  in 
strength  and  composition,  are  separated  by  a  porous  diaphragm  or  septum  of  bladder, 
parchment  paper,  or  porous  earthenware,  they  mutually  pass  through  and  mix  with 
each  other;  but  they  pass  with  unequal  rapidities,  so  that,  after  a  time,  the  height 
of  the  liquid  on  each  side  is  different.  By  placing  pure  water  on  one  side  of  the 
septum,  and  the  saline  solution  on  the  other,  the  rate  of  osmose  can  be  ascertained 
for  any  particular  salt.  The  following  table  gives  the  osmose  of  one  per  cent,  solu- 
tions through  membrane,  each  degree  being  a  rise  or  fail  of  1  millimetre.  (Graham, 
Phil.  Trans.,  1055,  p.  177.) 

Oxalic  acid       ....  — 148 

Hydrochloric  acid  ( 0.1  per  cent)  —   92 

Terchloride  of  gold   .        .        .  —  64 

Stannic  chloride        .        .        .  —  46 

Platinic  chloride       .        •        •  —  30 

Chloride  of  magnesium      .        .  —     3 

Chloride  of  sodium    .        .        .  +     2 

Chloride  of  potassium       .        .  18 

Nitrate  of  sodium      ...  22 

Nitrate  of  silver        ...  34 

Sulphate  of  potassium       .        .  21  to  60 

Sulphate  of  magnesium     •        •  14 

Chloride  of  calcium   ...  20 

Chloride  of  barium    ...  21 

Chloride  of  strontium        .        .  26 

Chloride  of  cobalt     ...  26 

Chloride  of  manganese      •       •  34 1 

(See  also  Dialysis.) 


Chloride  of  sine 

.      +54 

Chloride  of  nickel 

88 

Nitrate  of  lead 

125  to  211 

Nitrate  of  cadmium  , 

137 

Nitrate  of  uranium   , 

234  to  458 

Nitrate  of  copper 

204 

Chloride  of  copper     , 

351 

Stannous  chlonde     . 

289 

Ferrous  chloride 

435 

Mercuric  chloride 

121 

Mercurous  nitrate     ■ 

356 

Mercuric  nitrate       . 

476 

Ferric  acetate  . 

194 

Acetate  of  aluminium 

i       .       280  to  393 

Chloride  of  aluminiui 

n      •                 540 

Phosphate  of  sodium 

•       .         311 

Carbonate  of  potassii 

im    .       .        4K 
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silent  electric  discharge  through  oxygen  gas.  It  may  also  be  prepared  by  the 
electrolysis  of  water  and  other  processes,  but  by  none  of  these  can  it  be  obtained 
pore,  as  it  is  always  diluted  with  a  great  excess  of  ordinary  oxygen.  As  far  as  its 
properties  have  been  ascertained  ozone  is  a  powerful  oxidizing  agent  It  attacks 
and  oxidizes  at  the  ordinary  temperature  most  vegetable  colors,  black  sulphide  of 
lead,  and  the  metals,  mercury,  silver,  copper,  etc.  Its  action  on  some  metallic  per- 
oxides and  peroxide  of  hydrogen  is  somewhat  curious,  as  in  these  cases  it  acts  as  a 
reducing  agent,  giving  off  oxygen  both  from  the  peroxide  and  from  itself,  as  shown 
in  the  following  hypothetical  equation  which  represents  its  action  on  peroxide  of 
hydrogen : — 

o<5o  +  S,ob  +  2oi  +  Hfo. 

Ozone  was  discovered  and  has  been  principally  examined  by  Schtfnbein.  He  con- 
sidered it  to  be  permanently  negative  oxygen  O,  and  viewed  common  oxygen  as 
resulting  from  the  union  of  ozone  and  a  positive  oxygen  which  he  called  antozone, 

thus  0  0. 


Palladium.  A  metallic  element  belonging  to  the  platinum  group,  discovered  by 
Wollaston,  in  1803.  Atomic  weight  126.  Symbol  Pd.  It  is  a  white,  malleable, 
and  ductile  metal.    Specific  gravity  11.4.    It  melts  at  a  lower  temperature  than 

Slatinura,  beginning  to  fuse  at  the  highest  temperature  of  a  wind  furnace.  It  oxi- 
izes  superficially  when  heated  to  below  redness  in  the  air,  but  is  reduced  again  at 
a  higher  temperature.  It  is  soluble  in  nitric  acid.  It  was  formerly  much  used  for 
making  the  graduated  circles  of  astronomical  instruments,  as  it  has  nearly  the  white- 
ness of  silver,  and  does  not  tarnish.  The  most  remarkable  property  of  palladium  is 
its  power  of  condensing  hydrogen  in  its  pores,  a  solid  lump  of  palladium  being  capa- 
ble of  absorbing  no  less  than  960  times  its  bulk  of  hydrogen  gas.  Graham,  to  whom 
this  discovery  is  due,  considered  this  combination  to  be  an  alloy  of  palladium,  and 
hydrogen  condensed  to  the  metallic  state,  or  Hydrogenium.  (See  Hydrogenium.) 
Pallas.  An  asteroid,  discovered  by  Olbers.  (See  Asteroids.) 
Pampero.  A  wind  blowing  across  the  Pampas  of  Buenos  Ayres  towards  the  sea 
coast. 

Pancratic  Eye-piece.  (*o»,  all;  *p«ro$,  strength.)  An  eye-piece  capable  of 
adjustment  so  as  to  obtain  a  variable  magnifying  power.     (See  Eye-glass.) 

Pancreatin.  The  active  principle  of  the  pancreatic  fluid.  It  is  a  nitrogenous 
organic  substance  which  has  tne  property  of  emulsifying  oil  and  fat  and  rendering 
them  capable  of  absorption,  and  it  also  dissolves  starch  by  converting  it  into  glucose. 
It  is  a  powerful  agent  of  digestion.     (See  Animal  Nutrition.) 

Papin'8  Digester.  This  apparatus  was  invented  in  the  seventeenth  century  by 
Deny s  Pa  pin,  a  French  physician,  and  consists  of  a  strong  iron  boiler  provided  with 
a  movable  cover,  which  is  capable  of  being  screwed  down  air-tight,  and  is  provided 
with  a  safety  valve.    (Fig.  100.)  Water  is  placed  in  the  vessel  and  heat  applied ; 

the  consequence  is  that  tne  water  becomes  super-heated  far  above 
Fig.  100.  the  ordinary  boiling  point  as  the  pressure  increases.     By  regu- 

lating the  safety-valve  any  desired  pressure  can  be  obtained,  and 
the  pressure  being  known,  the  temperature  is  also  known ;  thus, 
if  the  pressure  be  12  atmospheres  the  temperature  of  the  water 
will  be  374°  F.,  and  if  24  atmospheres  435.56°  F.  (Sec  the  table 
given  under  the  head  of  Evaporation.)  Papin  employed  the 
digester  chiefly  for  extracting  the  gelatine  from  bones,  which  is 
far  more  easily  dissolved  by  water  at  a  high  temperature  than 
at  the  ordinary  boiling  point  It  can  obviously  be  used  for  any 
purpose  of  digestion  or  solution. 

M.  Cagniard  de  la  Tour  has  found  that  at  a  temperature  of 
773°  F.  water  no  longer  remains  fluid  although  submitted  to  the 
enormous  pressure  which  results  from  this  temperature.    At  a 
certain  temperature  all  liquids  probably  assume  the  gaseous  con- 
dition in  spite  of  the  pressure  or  their  own  vapor ;  thus,  at  497.7°  F.  alcohol  becomes 
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gaseous,  although  existing  under  a  pressure  of  119  atmospheres,  and  ether  becomes 
gaseous  at  369.5°  F.  under  a  pressure  of  37$  atmospheres.    (See  also  Evaporation.) 

Parabolie  Lens,  (rtapaflctay,  *apaj3a*JUd,  to  compare ;  rfopa,  beside,  ana  j&AXc*,  to 
throw.)  A  lens  ground  to  a  parabolic  surface  is  free  from  spherical  aberration,  but 
the  difficulties  of  grinding  this  are  so  great  that  these  lenses  are  not  made.  Spherical 
aberration  may  be  overcome  by  other  means.    (See  Aberration,  Spherical.) 

Parabolic  Mirror.  A  concave  mirror  of  silvered  glass  or  speculum  metal,  the 
surface  of  which  is  worked  to  a  parabolic  curve  so  as  to  be  free  from  spherical  aber- 
ration. The  reflecting  mirrors  of  astronomical  telescopes  are  always  ground  and 
polished  to  this  curvature.  The  production  of  a  true  parabolic  reflecting  surface  is 
one  of  the  most  difficult  arts  of  the  optician,  but  it  has  been  overcome  with  rare  skill 
by  Lord  Rosse,  Mr.  Lassell,  Sir  W.  Herschel,  and  more  recently  by  Mr.  Grubb. 
(See  Nicholas  Physical  Sciences,  article  " Speculum"  also  Mr.  Grubb's  paper  on 
"  The  Great  Melbourne  Telescope,"  Phil.  Trans.,  1869,  part  i.,  page  127.) 

Paracentric  Motion.  When  a  body  is  travelling  around  a  centre  the  resolved 
part  of  the  body's  motion  in  the  direction  of  the  centre,  that  is,  the  part  of  its  motion 
oy  which  its  distance  from  that  centre  is  diminishing  or  increasing,  is  called  its  para- 
centric motion. 

Paraffin.  (Parum,  little ;  afflnis,  affinity.)  There  are  several  substances  known 
in  commerce  under  this  name.  It  is  usually  applied  to  a  white,  solid,  translucent 
substance,  free  from  odor  and  taste,  somewhat  crystalline  in  texture,  of  specific 
gravity  about  0.87,  melting  at  about  50°  G.  (122°  F.),  and  volatilizing  at  a  high 
temperature.  It  is  but  slightly  acted  on  by  reagents,  hence  its  name.  Its  chemical 
composition  is  most  probably  that  of  a  mixture  of  several  hydrides  of  the  higher 
alcohols — such  as  cerotene  or  cerotic  hydride  (C^H^),  melene  or  melinic  hydride 

SO«pHa) — the  lowest  of  this  series  being  marsh  gas,  methylic  hydride  (CH4).    Alco- 
lofic  hydrides,  as  they  get  lower  in  the  series,  become  liquid  at  the  common  tempera- 
ture, and  are  then  known  as  paraffin  oil.    Paraffin  is  obtained  in  enormous  quanti- 
ties in  the  dry  distillation  of  wood,  coal,  bituminous  shale,  petroleum,  peat,  and  lignite. 
Paraffin  Oil.    See  Paraffin. 
Parallactic  Inequality,  Moon's.    See  Lunar  Theory. 

Parallax.  (rtapajuwaw,  to  shift  place.)  In  astronomy,  the  apparent  change  of 
place  of  a  celestial  object  which  would  be  caused  by  an  apparent  change  in  the  ob- 
server's position.  Thus,  if  an  observer  at  a  given  station  sees  a  celestial  object  at 
one  point  of  the  heavens,  while  an  observer,  supposed  to  be  at  the  earth's  centre, 
would  see  it  at  another  point,  the  arc  between  those  two  points  on  the  celestial 
sphere  is  called  the  diurnal  parallax  of  the  body,  because,  as  the  earth  rotates  on 
her  axis,  the  value  of  the  arc  would  change.  On  the  other  hand,  if  a  fixed  star  is 
seen  at  a  given  point  on  the  heavens,  while,  as  supposed  to  be  seen  from  the  sun's 
centre,  it  would  be  at  another  point,  the  arc  between  those  points  is  called  the  star's 
annual  parallax,  because  it  will  vary  in  value  as  the  earth  travels  round  the  sun. 

A  moment's  consideration  will  show  that  the  diurnal  parallax  of  a  heavenly 
body,  viewed  from  a  given  station,  will  attain  its  maximum  value  when  the  body  is 
on  the  horizon.  This  maximum  value  is  called  the  horizontal  parallax  of  the  body. 
Further,  the  horizontal  parallax  will  clearly  be  greatest  at  the  equator.  The  hori- 
zontal parallax  of  a  heavenly  body,  as  seen  from  the  equator,  is  called  the  body's 
equatorial  horizontal  parallax. 

The  moon's  mean  equatorial  horizontal  parallax  is  57'  4.17",  and  therefore,  though 
minute,  admits  of  being  readily  measured.  It  is  not  so  with  the  sun,  however,  whose 
mean  equatorial  horizontal  parallax  is  somewhat  less  than  9".  It  is  on  this  account 
that  the  determination  of  the  sun's  distance  is  so  difficult  a  problem.  (See  Sun's 
Distance.) 

The  annual  parallax  of  the  fixed  stars  is  even  more  minute,  and  has,  in  fact,  only 
been  determined  in  the  case  of  one  or  two  stars.    (See  Stars.) 

Parallel  Forces.    See  Composition  of  Forces. 

Parallel  Line  Position  Micrometer.  This  is  similar  to  the  spider-thread  mi- 
crometer, only  there  are  two  spider  threads,  each  of  which  traverses  the  field  of  view, 
and  is  moved  by  a  separate  screw  and  graduated  milled  head.  A  position  circle  is 
sometimes  attached  to  it.    (See  Micrometer  Ey&piece.) 

Parallel  Motion.  In  the  steam-engine,  a  contrivance  for  changing  a  reciprocat- 
ing circular  motion  into  a  reciprocating  rectilineal  motion.  There  are  several  kinds 
of  parallel  motion,  the  most  noted  being  that  invented  by  Watt,  and  called  by  his 
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name.  It  consists  of  a  combination  of  jointed  rods,  by  means  of  which  the  rectilineal 
motion  of  the  piston-rod  may  produce  the  oscillation  of  the  beam  of  the  engine.  Let 
A  denote  the  end  of  the  beam  to  which  the  piston-rod  is  attached,  and  let  ns  suppose 
it  to  be  on  the  right  As  the  beam  oscillates  about  a  fixed  centre,  its  extremity.  A, 
describes  a  circular  arc ;  hence,  if  the  piston-rod  were  attached  directly  to  the  beam, 
it  would  be  exposed  to  a  strain  alternately  towards  the  right  and  left,  which  would 
interfere  with  the  efficient  working  of  the  engine.  The  object  of  the  parallel  motion 
is  to  prevent  this  lateral  strain  on  the  piston.  Let  B  be  a  point  in  the  beam  near 
to  the  extremity  A ;  two  equal  rods  are  attached  by  joints  to  A  and  B,  and  their 
extremities  are  jointed  to  another  rod  0  D,  equal  in  length  to  A  B.  Thus,  A  B  C  1) 
is  a  jointed  parallelogram.  The  point  D  is  connected  with  the  piston-rod.  Another 
rod,  C  E,  suppose,  has  one  end  attached  to  the  joint  G,  and  the  other  to  a  fixed  point 
E,  as  nearly  as  possible  in  the  plane  of  the  parallelogram,  and  outside  it  Now,  the 
joints  A  and  B  play  in  arcs,  the  centre  of  which  is  the  middle  point  of  the  beam ; 
consequently  their  convexity  is  presented  to  the  right  The  joint  C,  or  link,  as  it  is 
called,  moves  upon  the  fixed  centre  E,  and,  consequently,  plays  in  an  arc  whose  con- 
vexity is  presented  to  the  left — that  is,  contrary  to  the  former.  While  the  point  A 
throws  the  upper  end  of  the  link  A  D  to  the  right,  in  consequence  of  the  convexity 
of  its  play  being  on  that  side,  the  point  C  throws  the  end  C  of  the  rod  C  D  to  the 
left  The  action  of  the  first  on  the  point  D  will  tend  to  move  it  to  the  right,  and 
the  action  of  the  second  motion  on  the  point  D  will  tend  to  move  it  to  the  left 
Now,  the  proportion  of  the  lengths  of  the  rods  is  so  nicely  adjusted,  that  the  effect 
of  the  rod  0  E  in  throwing  the  point  D  to  the  left  is  exactly  equal  to  the  effect  of 
the  beam  in  throwing  it  to  the  right ;  and  the  result  of  this  mutual  compensation  is, 
that  the  point  D,  to  which  the  end  of  the  piston-rod  is  jointed,  is  thrown  neither  to 
the  right  nor  to  the  left,  but  is  moved  upwards  and  downwards  in  a  straight  line. 
The  utility  of  the  motion  therefore  depends  on  the  fact  that,  if  the  two  upper  angles 
of  a  jointed  parallelogram  describe  arcs  about  the  same  centre,  and  one  of  the  lower 
angles  describes  an  arc  having  its  convexity  opposite  to  the  first,  the  fourth  angular 
point  will  move  nearly  in  a  straight  line.  The  whole  line  traced  out  by  thisjpoint 
is  really  a  very  elongated  letter  8,  termed  in  geometry  a  lemniscate.  In  Watt's 
parellelogram,  the  motion  of  the  parts  is,  however,  restricted  within  such  limits  as 
will  make  the  motion  of  the  fourth  point  differ  insensibly  from  a  straight  line. 

White's  parallel  motion  consists  of  two  spur  wheels,  one  of  which  rolls  within  the 
other,  the  aiameter  of  the  smaller  being  half  that  of  the  latter.  It  may  be  proved 
by  geometrical  reasoning,  that  if  a  circle  be  made  to  roll  within  another  circle  of 
twice  its  radius,  a  point  in  the  circumference  of  the  smaller  circle  traces  out  a  straight 
line,  which  is  a  diameter  of  the  larger  circle ;  hence,  if  the  end  of  a  piston-rod  be 
attached  to  a  point  in  the  pitch  circle  of  White's  smaller  wheel  or  pinion  as  the 
wheel  revolves,  the  rod  will  move  in  a  straight  line. 

Parallelogram  of  Forces.  The  principle  that  when  two  forces  are  represented 
in  magnitude  and  direction  by  two  aajacent  sides  of  a  parallelogram,  the  resultant 
is  represented  in  magnitude  and  direction  by  the  diagonal  of  the  parallelogram  pass- 
ing tnrough  the  point  of  application  of  the  forces.     (See  Composition  of  Forces*) 

Parallelogram  of  Velocities.  The  principle  of  the  composition  of  velocities. 
If  two  velocities  imparted  simultaneously  to  a  particle  be  represented  in  magnitude 
and  direction  by  two  adjacent  sides  of  a  parallelogram,  the  resultant  velocity  will 
be  represented  in  magnitude  and  direction  by  the  diagonal  of  this  parallelogram 
drawn  through  the  particle. 

Parallelopiped  of  Forces.  A  deduction  from  the  parallelogram  of  forces,  stat- 
ing that  if  three  forces  acting  on  a  point  be  represented  in  magnitude  and  direction 
by  the  three  Bides  of  a  parallelopiped,  their  resultant  will  be  represented  in  magni- 
tude and  direction  by  the  diagonal  of  the  parallelopiped  through  the  point  of  appli- 
cation. For  the  resultant  of  two  of  the  forces  is  represented  by  the  diagonal  of  tnat 
face  of  the  parallelopiped,  of  which  they  form  the  adjacent  sides ;  and  the  resultant 
of  this  force  with  the  third  is  represented  by  the  diagonal  of  the  parallelopiped 
through  the  point  of  application.     (See  Composition  of  Forces.) 

Parallels,  Magnetic.    See  Magnetic  Parallels. 

Paramagnetic.  Faraday,  on  discovering  that  all  bodies  are  subject  to  magne- 
tic influence,  and  thus  doing  away  with  the  old  distinction  into  magnetics  and  non- 
magnetics,  spoke  of  all  substances  as  being  magnectic,  and  divided  them  iuto  para- 
magnetic and  diamagnetic.    Taking  common  air  and  vacuum  as  a  zero,  he  called 
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paramagnectic  all  those  bodies,  such  as  iron,  nickel,  cobalt,  which,  suspended  in  air, 
tend  with  respect  to  it  to  move  to  parts  of  the  magnectic  field  of  greater  intensity ; 
and  all  bodies,  like  bismuth,  which  move  in  air  to  weaker  parts  of  the  magnetic 
field,  he  called  diamagnetic.  We  have  considered  the  subject  as  fully  as  our  limits 
allow  under  Diamagnetics  and  Magnetism, 

Paranaphthaline.    See  Anthracen. 

Paraselene.  (*af»,  besides,  and  crete^,  the  moon.)  A  mock  moon.  The  appear- 
ance of  a  luminous  disk  near  the  moon,  due  to  the  same  cause  as  that  which  pro- 
duces parhelia.    (See  Parhelion;  Halo.) 

Paratartaric  Acid,    See  Tartaric  Acid. 

Parchment  Paper.  When  unsized  paper  is  plunged  into  a  cold  mixture  of  two 
parts  of  cone,  sulphuric  acid  and  one  part  of  water,  and  after  a  few  seconds  removed 
and  well  washed  in  abundance  of  pure  water,  it  will  be  found  that  whilst  its  chemical 
composition  remains  the  same  (see  Cellulose)  its  physical  properties  are  entirely 
altered.  It  is  converted  into  a  tough  membranous  body  resembling  parchment, 
hence  its  name,  whilst  its  strength  is  enormously  increased,  so  that  a  strip  which 
originally  would  not  support  more  than  three  or  four  pounds  weight  when  dry,  and 
scarcely  an  ounce  when  wet,  will  now  carry  over  thirty  pounds  either  wet  or  dry. 
Parchment  paper  is  now  largely  manufactured,  and  it  is  of  great  use  for  replacing 
parchment,  as  well  as  for  covering  jam  pots,  etc.  To  the  chemist  it  is  invalua- 
ble as  forming  the  most  efficient  septum  for  the  process  of  dialysis. 

Parhelion,  (*opa,  beside,  and  jjJuoj,  the  sun.)  A  mock  sun.  It  is  due  to  the 
same  phenomena  of  refraction  as  those  which  produce  halos  and  paraselence.  Some- 
times a  white  band  parallel  to  the  horizon  is  seen  crossing  the  sun,  and  possessing 
about  the  width  of  its  disk.  At  each  extremity  is  a  luminous  image  of  the  sun, 
sometimes  colored  like  halos.  Tangent  circles  sometimes  proceed  from  these  disks. 
Marriotte  considered  that  all  these  phenomena  are  due  to  refraction  through  crystals 
of  ice,  and  calculation  appears  to  confirm  this  view.     (See  Halo,  and  Paraselene.) 

Partial  Current.    See  Derived  Currents. 

Partial  Dispersion.  A  term  used  to  express  irrationality  of  dispersion  (which 
see).  The  total  dispersions  of  sulphuric  acid  and  oil  of  cassia  prisms,  for  instance, 
may  be  the  same,  but  their  partial  dispersions,  comparing  similar  colors,  are  very 
different. 

Partial  Eclipse.    See  Eclipse. 

Partial  Polarization.    See  Polarization^  Partial. 

Pascal's  Law  of  Pressure.    See  Pressure  through  Liquids. 

Path  of  a  Projectile.    See  Projectile. 

Pattinson's  Process.    See  Lead. 

Payo.  (The  Peacock.)  One  of  Bayer's  southern  constellations.  .  It  is  remarka- 
bly rich  in  lucid  stars,  and  is  one  of  the  few  modern  constellations  which  bears  any 
resemblance  to  the  object  with  which  it  has  been  associated. 

Pearl  Ash.    See  Carbon,  Carbonate  of  Potassium. 

Pearl  White.    See  Bismuth. 

Pegasus.  One  of  Ptolemy's  northern  constellations,  represented  under  the  figure 
of  a  winged  horse,  whose  hind  quarters  however  do  not  appear  in  the  maps.  Three 
of  the  stars  of  this  constellation  (Alpha,  Beta,  and  Gamma)  form  with  Alpha  An- 
dromeda a  conspicuous  square.  According  to  Bayer's  lettering  the  star  Alpha  An- 
dromedae  is  Delta  Pegasi. 

P&lopium,    See  Columbium. 

Pendulum.  (Pendeo,  to  hang,  suspend ;  pendulum,  a  small,  suspended  body.) 
Pendulums  are  of  several  kinds.  When  a  small  heavy  particle  is  attached  by  a  fine 
thread  to  a  fixed  point  it  forms  a  simple  pendulum.  Suppose,  for  example,  a  small 
ballet  to  be  suspended  by  a  very  fine  thread,  and  caused  to  oscillate  in  an  arc  not 
exceeding  2°;  then  the  bullet  will  observe  the  laws  of  the  simple  pendulum;  (1)  the 
motion  will  be  isochronic ;  (2)  the  time  of  an  oscillation  will  be  independent  or  the 
weight  of  the  particle ;  (3)  will  vary  as  the  square  root  of  the  length  of  the  string ; 
and  (4)  will  vary  inversely  as  the  square  root  of  the  force  of  gravity  at  the  locality 
in  which  the  experiment  is  made.  Hence,  in  the  same  place,  the  seconds1  pendulum 
is  always  of  the  same  length,  but,  in  consequence  of  the  variation  of  gravity,  is  dif- 
ferent for  different  points  on  the  earth's  surface.  The  length  of  the  seconds  pendu- 
lum in  London  is  39.047  inches. 
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By  the  third  law,  a  pendulum  one-fourth  of  this  length  will  oscillate  twice  in  a 
second ;  a  pendulum  one-ninth  of  the  length,  three  times  in  a  second)  and  so  on. 

Pendulums  in  which  the  vibrating  body  is  of  considerable  size  are  termed  com- 
pound pendulums.  Suppose  a  block  of  wood  to  be  so  attached  by  a  point  in  it  that 
it  is  free  to  oscillate  in  a  certain  plane.  Let  the  time  of  a  small  oscillation  be  ac- 
curately noted,  and  determine  the  length  of  the  simple  pendulum  which  would  make 
a  small  oscillation  in  the  same  time.  The  length  is  called  the  "  length  of  the  simple 
equivalent  pendulum."  Suppose  in  the  body  a  point  be  taken  at  a  distance  from  the 
fixed  point  equal  to  the  length  of  the  simple  equivalent  pendulum.  This  point  is 
called  the  centre  of  oscillation,  and  the  fixed  point  the  centre  of  suspension.  The 
line  joining  the  two  centres  passes  through  the  centre  of  gravity  of  the  body.  It  is 
an  important  law  that  the  centres  of  oscillation  and  suspension  are  convertible,  and 
the  time  of  oscillation  about  each  is  the  same.  The  simplest  body  which  will  serve 
as  an  illustration  is  a  straight  rod  or  wire.  If  the  rod  be  attached  at  one  extremity 
the  time  of  oscillation  will  be  the  same  as  that  of  a  simple  pendulum  having  two- 
thirds  of  its  length.  Ilence  by  the  above  law  we  see  that  the  time  of  oscillation  will 
be  the  same,  whether  the  rod  be  suspended  from  either  extremity  or  at  either  of  the 
points  found  by  dividing  the  rod  into  three  equal  parts.  The  oscillations  of  a  rigid 
body  have  been  made  use  of  to  determine  the  force  of  gravity  at  different  points  on 
the  earth's  surface.  It  has  been  shown  that  the  time  of  oscillation  varies  directly  as 
the  square  root  of  the  simple  equivalent  pendulum,  and  inversely  as  the  square  root 
of  the  acceleration  due  to  gravity.  Hence  this  acceleration  can  be  determined  as 
soon  as  the  length  and  time  are  known.  Accurate  experiments  have  been  made  on 
this  plan  by  Captain  Kater  (see  Phil.  Trans.  1818,  and  Encyc.  Metrop.),  and  again 
with  a  correction  for  the  attraction  of  the  intervening  land,  so  as  to  give  a  value  for 
the  acceleration  at  the  level  of  the  sea,  by  Dr.  Young  (Phil.  Trans.  1819) ;  also  by 
the  Astronomer-Royal,  in  Harten  coal-pit  in  1854  (see  Phil.  Trans.  1856).  For 
still  more  accurate  corrections  see  Phil.  Trans.  1831,  and  Cambridge  PhiL  Trans. 
vol.  ix. 

The  experimental  determination  of  the  length  of  the  seconds'  pendulum  has  also 
been  applied  to  furnish  a  standard  of  length  which  shall  be  invariable,  and  capable 
of  recovery  at  any  time.  By  an  Act  of  Parliament,  5  Geo.  IV.,  the  yard  is  defined 
as  36  parts,  of  which  there  are  39.1393  in  the  length  of  a  pendulum  vibrating 
seconds  of  mean  time  in  the  latitude  of  London  in  vacuo  at  temperature  62°  F. 

For  a  third  use  see  Horology. 

Penetration,  Electric ;  or,  Penetration  of  Charge.  The  phenomenon  of  the 
residual  charge  in  a  Leyden  jar  is  explained  on  the  supposition  that  owing  to  the 
intensely  strained  condition  under  which  they  are,  the  molecules  of  the  dielectric 
become  bodily  charged  to  a  small  extent,  the  electricity  of  the  jar,  as  it  were,  pene- 
trating the  glass.  When  the  jar  is  discharged,  this  electricity  is  again  forced  out- 
wards to  the  coatings,  the  molecules  of  the  glass  tending  to  return  to  their  normal 
condition.  To  investigate  the  laws  of  the  phenomenon  a  plate  of  insulating  mate- 
rial is  furnished  with  removable  metallic  coatings.  These  are  charged,  allowed  to 
remain  so  for  some  time,  and  then  discharged  and  removed.  At  first  no  signs  of 
electricity  are  discovered  on  the  surfaces  of  the  dielectric,  but  by  degrees  they  appear, 
as  may  be  ascertained  with  the  proof  plane,  each  side  becoming  electrified  in  the 
same  way  as  its  coating  was.  It  is  found  that  the  amount  of  penetration  increases 
with  the  intensity  of  the  original  charge,  and  with  the  length  of  time  it  has  been 
allowed  to  act ;  it  also  depends  on  the  nature  of  the  insulator.  Faraday  showed 
that  the  residual  charge  was  greatest  with  paraffin ;  greater  with  shell-lac  than 
with  glass,  and  greater  with  glass  than  with  sulphur. 

Penumbra,  (Pene,  almost,  and  umbra,  a  shadow.)  In  astronomy  a  partial 
shadow.  Thus  in  a  lunar  eclipse  those  parts  of  the  moon  which  are  illumined  by  a 
portion  but  not  the  whole  of  the  Bolar  disk's  light  are  said  to  be  in  the  earth's  pe- 
numbra. In  a  solar  eclipse  those  parts  of  the  earth  which  are  illumined  by  a  por- 
tion, but  not  the  whole  of  the  solar  disk  are  in  the  moon's  penumbra.  Those  parts 
of  sun-spots  which  are  less  dark  than  the  umbra  are  termed  the  penumbra.  (See 
also  Shadow  J 

Pepsin.  The  active  principle  of  the  gastric  juice.  Its  peculiarity  is  that,  in  the 
presence  of  an  acid,  it  converts  almost  every  description  of  albuminous  and  fibrinous 
matter  into  a  soluble  form  of  albumen,  which  is  capable  of  very  easy  absorption. 
(See  Animal  Nutrition.) 

Perchlorio  Acid.    See  Chlorine. 
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PerenillOIL  (Percussio.)  The  act  of  striking  one  body  against  another.  The 
shock  arising  from  the  collision  of  two  bodies.    (See  Impact.) 

Perigee.  (**f»>  near  by ;  and  yij,  the  earth.)  In  astronomy  that  part  of  the  moon's 
orbit  which  is  nearest  the  earth.    (See  Apogee.) 

Perihelion.  (*«f*,  near;  and  qxu*,  the  sun.)  That  point  of  the  orbit  of  any 
planet,  comet,  or  meteor,  which  is  nearest  to  the  sun. 

Period,  (fttptofof,  a  going  round.)  In  astronomy  the  interval  of  time  occupied 
by  a  planet  or  comet  in  travelling  once  round  the  sun,  or  by  a  satellite  in  travelling 
round  its  primary. 

Periaoopio  Spectacles.  (**(*,  around;  and  axon**,  to  see.)  A  form  of  spec- 
tacles invented  by  Dr.  Wollaston.  The  lenses  are  of  meniscus  shape,  and  give  a 
wider  field  than  double  convex  or  double  concave  glasses.     (See  Spectacles.) 

Permanent  Vibrations,  or,  as  they  are  sometimes  called,  stationary  vibrations, 
are  distinguished  from  progressive  vibrations,  or  waves  of  varying  density  and  ten* 
sion.  Thus,  if  an  elastic  rod  fastened  at  one  end  be  set  in  vibration,  all  portions  of 
the  rod  move  together,  and  in  the  same  direction.  They  commence  moving  at  the 
tame  time,  continue  moving  for  the  same  time,  arrive  at  their  respective  maximum 
disturbance  at  the  same  time,  and  commence  simultaneously  their  return  journey. 
Such  vibrations  are  called  stationary  or  permanent.  If,  however  (see  Propagation 
of  Sound)  a  state  of  compression  passes  through  a  medium,  the  portions  of  the  me- 
dium nearer  to  the  sonorous  body  will  be  the  first  to  l>e  affected,  and  those  more  re- 
mote will  be  influenced  subsequently  according  to  their  distance  from  the  sonorous 
body.    Such  vibrations  are  called  progressive.     All  undulations  are  progressive.*- 

Perpetual  Motion.  A  chimerical  idea  which  has  possessed  the  human  mind  in 
former  times,  and  is  at  present  occasionally  held  by  persons  having  insufficient 
knowledge  of  mechanical  science,  to  the  effect  that  it  is  possible  to  obtain  a  machine 
which  will  continue  to  do  external  work  without  the  application  of  external  energy. 
The  subject  has  held  a  place  in  physics  similar  to  that  occupied  in  chemistry  by  the 
search  for  the  "  elixir  of  life/1  and  for  a  method  of  changing  the  baser  metals  into 
gold.  Every  machine  when  in  action  does  work,  for  it  is  impossible  to  construct  a 
machine  in  which  there  is  a  total  absence  of  friction ;  and  if  no  other  work  be  done, 
the  machine  has  to  overcome  the  friction  and  other  resistances  to  the  motion  of  its 
parts.  The  performance  of  work  involves  the  transmutation  of  one  form  of  energy 
into  another,  and  the  total  amount  of  energy  of  the  machine  when  left  to  itself  is 
diminished  by  that  which  it  parts  with  in  the  transformation.  Hence,  it  is  only  possi- 
ble to  obtain  from  a  machine  that  is  not  regularly  supplied  with  energy  from  without 
a  definite  and  limited  amount  of  work  ;  in  other  words,  perpetual  motion  is  impossible. 
(See  Energy;  Conservation  of  Energy.) 

Perseus.  One  of  Ptolemy's  northern  constellations.  This  asterism  is  exceed- 
ingly rich,  and  contains  many  objects  of  great  interest.  The  splendid  double  cluster 
of  stars  in  the  sword  handle  of  Perseus  is  perhaps  the  most  amazing  group  of  stars 
in  the  heavens.  Even  a  small  telescope  reveals  a  large  number  of  stars  within  the 
group,  but  in  a  good  telescope  the  clusters  exhibit  an  amazing  richness  of  stellar 
aggregation.  The  star  Algol  is  another  remarkable  feature  of  this  constellation. 
Tne  variations  of  this  orb  are  described  elsewhere.    (See  Stars,  Variable) 

Persian  Wheel.  A  machine  for  raising  water  by  means  of  the  action  of  a  stream 
of  water  on  a  wheel.  It  consists  of  an  ordinary  water-wheel,  having  buckets  attached 
at  regular  intervals  around  a  circle  near  the  circumference.  The  buckets  are  not 
firmly  fastened,  but  are  hung  upon  strong  projecting  pins.  Suppose  the  wheel  to 
turn  in  the  same  direction  as  the  hands  of  a  watch,  then  the  buckets  descend  on  the 
right  and  go  down  into  the  water,  where  they  are  filled  and  ascend  on  the  left  till 
they  reach  the  top.  Here  they  come  in  contact  with  the  end  of  a  fixed  trough,  and 
ere  turned  over  so  as  to  empty  the  water  into  the  trough,  from  which  it  is  conveyed 
by  pipes.  As  each  bucket  passes  the  trough  it  falls  again  into  the  vertical  position, 
and  so  goes  down  empty  into  the  stream,  where  it  is  filled  as  before. 

In  another  form  of  the  wheel  used  to  raise  water  only  as  high  as  the  axis,  the 
buckets  are  replaced  by  curved  hollow  spokes,  which,  in  the  lowest  position,  have  their 
convexity  directed  downwards.  As  the  wheel  turns,  the  water  rises  in  the  hollow 
•pokes,  and  runs  out  into  a  trough  placed  immediately  below  the  axis. 

Persistence  of  Visual  Impression.  The  retina  will  receive  a  luminous  impres- 
sion instantly ;  an  electric  spark  lasting  the  millionth  part  of  a  second  is  plainly 
seen,  but  the  eye  does  not  lose  au  impression  with  equal  rapidity,  for  it  requires  about 
88 
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one-third  of  a  second  for  the  impression  to  subside.  It  folio wb  from  this  that  a  lumi- 
nous point  passing  across  the  field  of  view  in  a  less  time  than  this,  appears  drawn 
out  to  a  luminous  line ;  thus  forked  lightning  appears  a  continuous  line  of  light,  and 
shooting  stars  are  also  elongated  to  lines.  If  two  pictures  are  successively  presented 
to  the  retina  with  great  rapidity,  they  become  superposed,  owing  to  this  property ; 
the  thaumatrope,  the  phenakistoscope,  and  zoetrope  are  toys  based  on  the  phenomena 
of  persistence  of  vision. 

Phact.     (Arabic.)    The  star  a  of  the  constellation  Columbia. 

Phantasmagoria,  [$arfaai*af  an  appearance ;  from  $au*>,  fax*,  Sans,  bha,  to  shine ; 
and  ayopaopa*,  to  gather.)  A  term  applied  to  the  effects  produced  by  a  magic 
lantern ;  sometimes  also  to  representations  of  shadows  of  persons  and  objects  thrown 
npon  a  semi-transparent  screen. 

Phase.  (?<mk,  appearance.]  In  astronomy  the  aspect  of  the  moon  or  planets  as 
respects  the  apparent  figure  of  the  luminous  portion  of  their  disc. 

Pheoda.    (Arabic.)    The  star  y  of  the  constellation  Ursa  Major. 

Phenakistoscope.  An  optical  toy  devised  by  Plateau,  in  which  a  series  of  images 
are  placed  before  the  eye,  one  after  the  other,  in  rapid  succession.  The  images  are 
made  to  represent  the  different  stages  of  motion,  such  as  a  man  in  the  act  of  running, 
a  horse  leaping,  Ac.  &c  Owing  to  the  persistence  of  impressions  on  the  retina, 
one  image  aoes  not  cease  to  be  seen  before  the  next  is  presented  to  the  eye,  and 
the  result  is  an  apparent  continuity  of  motion,  the  object  appearing  to  be  moving. 
A  recent  modification  of  the  toy  is  known  as  the  zoetrope.  (See  Persistence  of 
Visual  Impression.) 

Phenamide.    See  Aniline. 

Phenol.    See  Carbolic  Acid. 

Phenylaxnine.  See  Aniline. 

Phenylic  Acid.    See  Carbolic  Acid. 

Phenylio  Alcohol.    See  Carbolic  Add. 

Phlogiston.  ($>xoyt?«,  to  inflame.)  A  term  used  by  Stahl  to  designate  the  matter 
or  principle  of  fire.  The  celebrated  theory  of  phlogiston  (which  influenced  science 
for  more  than  a  century)  affirmed,  that  various  changes  produced  by  chemical  opera- 
tions were  due  to  the  absorption  or  rejection  of  this  principle  of  fire  by  the  sub- 
stances acted  upon.  The  assimilation  of  phlogiston  means,  in  the  language  of  modern 
chemistry,  deoxidation  ;  while  loss  of  phlogiston  means  combination  with  oxygen  gas. 
Thus,  lead  during  calcination  was  said  to  lose  phlogiston,  for  lead  was  regarded  by 
the  followers  of  this  theory  as  calx  (i.  e.,  oxide)  of  lead,  plus  phlogiston,  and  the 
heating  of  lead  with  substances  rich  in  phlogiston  (such  as  charcoal)  caused  the 
phlogiston  to  be  absorbed,  and  the  metal  is  the  result  The  following  paragraph  as 
to  the  influence  of  the  theory  of  phlogiston  is  from  a  paper  on  the  subject  by  Mr. 
Rodwell  (Philosophical  Maaazine  for  January  1868),  to  which  the  reader  is  referred 
for  further  information : — "  Of  the  influence  of  the  theory  of  phlogiston  I  need  say 
but  little.  It  was  not  the  first  chemical  theory ;  it  did  not  give  the  first  explanation 
of  combustion,  and  it  was  established  in  the  face  of  facts  which  carried  with  them 
its  refutation.  When  the  first  stage  of  its  developement  was  passed,  facts  were 
adapted  to  the  theory,  and  phenomena  were  tortured  and  garbled  so  as  to  fit  in  with  it, 
by  which  means  the  progress  of  chemical  science  was  somewhat  retarded.  Even 
when  Lavoisier  had  conclusively  proved  the  fallacy  of  the  theory,  this  blind  adherence 
shut  the  eyes  of  the  phlogistians  to  the  merits  of  the  new  system,  and  to  the  nttcr 
falsity  of  their  own.  Nevertheless,  the  theory  exercised  influence  for  good,  for  by 
its  means  a  certain  amount  of  order  was  introduced  among  a  vast  chaotic  mass  of 
chemical  facts,  and  phenomena  were  classed  together  and  reasoned  upon  together, 
and  together  submitted  to  similar  processes  of  mental  analysis,  after  the  manner  so 
strongly  advocated  by  Francis  Bacon." 

FhOBniz.    (ThePhamix.)    One  of  Bayer's  southern  constellations. 

PhonautOgTaph.  (Scott  and  Konig's.)  The  method  of  registering  the  vibra- 
tions of  sonorous  solids  by  means  of  sinuous  lines  (see  Sinuosities)  has  been  ex- 
tended to  serial  vibrations.  A  deep  paraboloid  of  revolution  is  truncated  by  a  plane, 
so  as  to  form  a  parabolic  cup  with  a  flat  bottom.  In  the  centre  of  the  botton  a  hole 
is  cut,  into  which  a  short  tube  is  fitted.  The  end  of  this  tube  is  closed  by  a  mem- 
brane of  tightly-stretched  caoutchouc  or  gold-beater's  skin,  the  tension  of  which  can 
be  varied  by  a  ring.  Fastened  to  the  outside  of  the  membrane  is  a  feather,  which 
is  in  contact  with  a  revolving  cylinder  blackened  on  its  surface,  and  working  on  a 
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screw  axis.  *  (See  Sinuosities.)  A  little  stiff  arm  can  be  brought  into  contact  with 
the  membrane  so  as  to  insure  the  occurrence  of  a  loop  and  absence  of  a  node,  when 
the  membrane  vibrates  at  the  point  where  the  feather  is  fastened.  When  a  note  is 
Bounded  in  such  a  way  that  some  of  it  is  collected  in  the  paraboloid,  the  vibrations 
are  communicated  to  the  drum  membrane,  and  thence  to  the  feather/  If,  at  the 
same  time,  the  blackened  cylinder  is  turned,  a  sinuous  line  is  produced.  See  Sinu- 
osities.) By  this  instrument  the  joint  effect  of  two  or  more  simultaneous  notes  can 
be  examined.  Thus,  if  a  note  and  its  octave  are  sounded  together,  a  compound 
sinuosity  is  produced,  every  alternate  hill  of  which  is  twice  as  high  as  the  interme- 
diate hills.  Scott's  phonautograph  is  admirably  adapted  for  showing  graphically 
the  recurrence  of  beats  at  regular  intervals,  and  the  relation  of  these  to  concord  and 
discord.  Thus,  if  one  note  consists  of  two  or  three  more  vibrations  in  a  second  than 
another,  we  hear  of  course  two  or  three  beats  in  a  second  (see  Beats),  and  we  find 
on  the  blackened  paper  when  such  notes  are  sounded  together  two  or  three  hills  of 
augmented  height  in  the  length  of  sinuosity  which  represents  the  second  of  time. 
The  variations  of  loudness,  duration,  and  pitch  which  constitute  melody  can  be  re- 
corded by  this  instrument 

Phosgene  gas.  ($«>*,  light ;  ytwaoa,  to  produce.)  Known  also  as  chloro-carbonic 
acid,  and  oxychloride  of  carbon ;  is  formed  by  exposing  a  mixture  of  chlorine  and 
carbonic  oxide  to  the  sun's  rays,  whence  its  name.  It  is  a  colorless  gas,  having  a 
suffocating  odor.  Specific  gravity,  3.4249 ;  formula,  CO,  Cl2 ;  water  decomposes  it, 
yielding  hydrochloric  and  carbonic  acids. 

Phosphorescence.  ($<<*,  light ;  and  $>*p»,  to  carry.)  Under  some  circumstances, 
bodies  become  capable  of  emitting  light  when  viewed  in  the  dark.  The  light  is 
generally  unaccompanied  by  heat,  and  is  seldom  the  result  of  chemical  action. 
Phosphorescence  may  be  excited  by  heat — for  instance.\in  the  diamond,  fluorspar, 
etc.  Many  bodies  are  rendered  phosphorescent  by  an  electric  discharge ;  such  are 
sugar,  Canton's  phosphorus,  etc.  Other  substances  are  rendered  phosphorescent  by 
mechanical  action  ;  thus  many  crystals  emit  light  when  they  are  broken.  Expo- 
sure to  the  sun,  or  other  intense  light,  is  another  cause  of  phosphorescence.  Many 
artificial  phosphori  are  prepared  which  shine  with  very  beautiful  colors  under  these 
circumstances.  The  same  effect  is  also  produced  by  the  electric  discharge,  and 
minute  residues  of  gases  in  Geissler's  tubes,  excited  in  that  manner,  produce  very 
beautiful  effects.  The  rays  which  produce  phosphorescence  are  of  high  refrangi- 
bility,  and  the  light  emitted  by  phosphorescent  bodies  is  of  lower  refrangibility, 
and  concentrated  into  a  few  luminous  bands  of  the  spectrum.  The  luminous  appear- 
ance of  phosphorus  in  the  air  is  generally  considered  to  be  due  to  slow  oxidation. 
Phosphorescence  lasts  from  a  fraction  of  a  second  to  some  hours. 

Phosphoroscope.  ($<•*,  light ;  f  fp«,  to  carry ;  and  a*o**w,  to  view.)  An  instru- 
ment devised  by  E.  Becquerel  for  detecting  the  phenomena  of  phosphorescence  in 
bodies  which  only  shine  a  fraction  of  a  second  after  isolation.  By  means  of  a  disk, 
perforated  in  a  particular  manner,  and  revolving  over  a  box  containing  the  sub- 
stance under  examination,  sunlight  may  be  allowed  to  fall  upon  it,  aud  be  cut  off 
again  immediately  before  the  observer  can  see  it  through  the  other  aperture.  By 
rotating  the  disk  with  sufficient  rapidity,  the  examination  may  be  made  at  an  inter- 
val less  than  the  400th  part  of  a  second  after  the  light  has  ceased  to  shine  upon  the 
substance.    (See  Miller's  Physics,  1867,  p.  193.) 

Phosphorus,  (ft**,  light ;  and  fepu,  to  bring.)  A  non-metallic  element  discovered 
in  1669  by  Brandt.  Atomic  weight,  31 ;  symbol,  P ;  specific  gravity,  1.82.  In  the 
pure  state  it  is  a  nearly  colorless  or  faintly  yellow,  waxy  solid.  It  is  transparent, 
although  it  soon  becomes  opaque  and  crystalline.  It  crystallizes  in  octahedrons. 
It  melts  at  44°  C.  (111°  F.)  to  an  oily  liquid,  and  boils  at  about  290°  C.  (554°  P.). 
Vapor  density  about  4.35.  It  is  insoluble  in  water,  but  very  soluble  in  disulphide 
of  carbon,  ana  less  so  in  benzol  and  volatile  oils.  It  is  a  very  poisonous  substance. 
The  most  striking  characteristic  of  phosphorus  is  its  intense  affinity  for  oxygen. 
A  piece  of  it  catches  fire  by  slight  friction  or  gentle  heat,  and  sometimes  spontane- 
ously when  exposed  to  air  on  wood  or  some  non-conductor  of  heat.  AVheu  its  solu- 
tion in  disulphide  of  carbon  is  poured  upon  blotting-paper  and  exposed  to  the  air, 
the  finely-divided  phosphorus  which  is  left  behind  oxidizes  quickly,  and  bursts  into 
flame.  The  combustion  of  phosphorus  in  oxygen  is  attended  with  the  evolution  of 
one  of  the  most  intense  artificial  lights  known.  When  exposed  to  air  in  a  dark 
room  phosphorus  shines  with  a  pale,  lambent  light,  evolviug  a  faintly  luminous  va- 
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por.  Owing  to  its  great  inflammability,  phosphorus  should  always  be  kept  under 
water,  and  most  only  be  handled  with  extreme  care.  Phosphorus  exists  in  several 
modifications,  which  are  as  follows :  White  Phosphorus  is  produced  by  the  action 
of  light.  Its  specific  gravity  is  less  than  that  of  the  transparent  variety.  Black 
Phosphorus  is  produced  by  melting  phosphorus  and  suddenly  cooling  it  It  is  re- 
converted into  ordinary  phosphorus  by  refusion  and  slow  cooling.  Viscous  Phos- 
phorus is  obtained  by  heating  phosphorus  to  near  its  melting  point  and  then  sud- 
denly cooling  it.  Amorphous  Phosphorus  is  obtained  by  keeping  ordinary  phos- 
phorus for  30  or  40  hours  at  a  temperature  of  about  232°  0.  (450°  F.)  under  pres- 
sure in  an  atmosphere  of  carbonic  acid.  When  purified  it  is  a  rea,  araorpnous 
substance,  of  specific  gravity  2.14,  which  does  not  oxidize  in  the  air  at  the  ordinary 
temperature,  emits  no  odor,  is  not  poisonous,  and  is  insoluble  in  disulphide  of  carbon 
and  other  solvents  of  ordinary  phosphorus.  It  may  be  kept  in  the  air  without  danger, 
and  can  even  be  wrapped  in  paper  aud  handled  without  fear  of  ignition.  At  a  tem- 
perature of  260°  O.  (500°  P.)  it  is  reconverted  into  ordinary  pnoephorus.  Owing 
to  its  comparative  harmlessness  amorphous  phosphorus  is  largely  replacing  common 
phosphorus  in  the  manufacture  of  lucifer  matches.  Phosphorus  forms  many  im- 
portant compounds,  amongst  which  the  following  deserve  mention : — 

Hypophosphorus  Acid  (H3P02)  is  a  viscid  liquid,  having  strongly  acid  proper- 
ties, uniting  with  bases  to  iorm  a  well-defined  series  of  salts,  some  of  which  are  used 
in  medicine.  The  principal  hypophosphites  are — Hypophosphite  of  Calcium 
{CaP2H404),  which  crystallizes  in  colorless  prisms,  soluble  in  water,  and  permanent 
in  the  air.  Hypophosphite  of  Potassium  (KPH302)  is  very  deliquescent,  but  may 
be  obtained  in  crystalline  plates. 

Phosphorous  Add  (anhydrous,  P203 ;  hydrated,  H3PO,)  forms  a  series  of  salts 
with  bases,  which  are,  however,  of  little  importance. 

Phosphoric  Acid  (P205)  is  produced  when  phosphorus  bums  in  air  or  oxygen. 
It  is  a  very  light  white  amorphous  substance,  extremely  deliquescent  in  moist  air, 
and  hissing  like  a  red-hot  iron  when  thrown  into  water.  It  is  a  powerful  acid,  and 
has  different  properties" according  to  the  number  of  atoms  of  water  with  which  it 
unites.  The  compound  P205.IT20  is  called  Metaphosphoric  Acid,  the  compound 
PjOs.2H20  Pyrophosphoric  Acid,  whilst  the  compound  P,06.3H,0  is  called  Ortho- 
phosphoric  Acid,  or  ordinary  phosphoric  acid.     Lacli  of  these  acids  forms  a  series 


the  presence  of  a  little  copper.  When  fine,  it  is  highly  prized  as  a  gem.  Ortho- 
phosphate  of  calcium,  3CaO.P206,  is  the  principal  constituent  of  bone  ash,  and  is 
also  met  with  in  considerable  Quantity  in  coprolites.  When  prepared  artificially,  it 
is  a  white  earthy  powder,  insoluble  in  water,  but  slightly  so  in  tne  presence  of  car- 
bonic acid.  It  is  dissolved  and  decomposed  by  most  acids.  The  mineral  apatite 
consists  of  a  mixture  of  orthophosphate  of  calcium  and  chloride  of  calcium,  some 
of  the  chlorine  being  frequently  replaced  by  fluorine.  Phosphates  of  Magnesium, — 
The  neutral  orthophosphate  f  MgsPsOH)  is  precipitated  as  an  insoluble  powder,  when 
a  magnesia  salt  is  mixed  with  a  soluble  orthophosphate.  The  best  known  magne- 
sium compound  is,  however,  a  double  phosphate  of  magnesium  and  ammonium 
(NII4),  Mg2P208. 12H20,  which  is  the  precipitate  produced  when  a  magnesium  salt 
is  mixed  with  an  alkaline  orthophosphate,  and  ammonia,  in  the  presence  of  sal-am- 
moniac. It  is  a  heavy  crystalline  precipitate,  which,  from  its  insolubility  in  water, 
is  almost  always  used  for  the  quantitative  estimation  x>f  phosphoric  acid,  or  magne- 
sium. Phosphates  of  Silver. — Orthophosphate  of  silver  ( Ag3r04)  is  a  lemon-yellow 
insoluble  powder,  pyrophosphate  of  silver  (Ag4P20-j  is  a  white  insoluble  powder. 
The  metaphosphate  of  silver  is  also  white  and  insoluble.  These  differences  of  color 
serve  to  distinguish  the  three  modifications  of  phosphoric  acid.  Phosphates  of  So- 
dium.— These  are  very  numerous  and  complex  in  composition.  The  crystallized 
metaphosphate  has  the  composition  3Na203P2Oi12H20.  It  crystallizes  in  large 
rhombic  prisms,  easily  soluble  in  cold  water.  Orthophosphate  of  sodium,  or  the  or- 
dinary phosphate,  has  the  composition  Na2HP04.12H,0.  It  crystallizes  in  large 
prisms,  which  effloresce  in  the  air ;  they  dissolve  easily  in  cold  water,  forming  a  solu- 
tion which  has  a  saline  taste,  and  is  frequently  used  in  medicine.  This  phosphate 
unites  with  ammonia  to  form  the  salt  Known  as  phosphorus  salt  or  mtcrocosmic 
salt,  having  the  composition  Na(NH4)HP04.4H20.  It  crystallizes  in  monoclinic 
prisma,  which  dissolve  easily  in  water ;  when  heated  the  water  and  ammonia  are 
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driven  off,  and  pure  metaphosphate  of  sodium  is  left  behind.  This  is  frequently 
used  as  a  flax  in  blowpipe  experiments,  instead  of  borax,  as  the  fused  metaphos- 
phate dissolves  metallic  oxides,  frequently  with  characteristic  colors.  Pyrophos- 
phate of  Sodium. — This  salt  (Na4P2O7.10H2O)  is  easily  obtained  by  igniting  the 
salt  last  mentioned,  dissolving  in  water  and  crystal liziug.  Phosphoric  acid  also 
unites  with  alcohol  radicals  and  other  organic  compounds. 

Chlorides  of  Phosphorus. — Phosphorus  and  chlorine  unite  readily  at  the  com- 
mon temperature  with  evolution  of  heat  and  light.  When  the  phosphorus  is  in 
excess,  the  trichloride  (PC13)  is  formed,  which  is  a  thin  colorless  liquid  of  specific 
gravity  1.6,  boiling  at  78^  C.  (172°  F.),  and  decomposed  by  water  into  hydrochloric 
acid  and  phosphorous  acid.  With  excess  of  chlorine  the  pentachloride  of  phosphorus 
(PC15)  is  formed,  which  is  a  solid  straw-yellow  crystalline  mass  subliming  at  100° 
C.  (2L2°  F.),  and  decomposed  by  water  into  hydrochloric  and  phosphoric  acids. 
Pentachloride  of  phosphorus  is  a  valuable  reagent  in  organic  chemistry,  as  under 
its  influence  many  alcohols  and  acids  are  converted  into  chlorides  of  their  radicals. 

Phosphorus  unites  with  hydrogen  to  form  a  gaseous  compound  PH„  a  liquid  com- 
pound rllp  and  a  solid  compound  P2H. 

Phosphorus,  Action  Of  Light  on.  Schroetter  has  shown  that  ordinary  phos- 
phorus is  converted  into  the  red  amorphous,  insoluble  variety,  by  the  prolonged  action 
of  sunlight 

Phosphorus  Bases.  In  its  chemical  reactions  phosphorus  acts  in  many  instances 
like  nitrogen,  and,  as  above  stated,  forms  with  hydrogen  a  gaseous  compound  (PHS) 
which  has  some  of  the  properties  of  ammonia,  and  like  ammonia  can  have  one,  two, 
and  three  of  its  atoms  of  hydrogen  replaced  by  an  alcohol  radical,  forming  what  are 
called  phosphorus  bases.  These  have  much  stronger  basic  properties  than  phos- 
phuretted  hydrogen,  and  are  extremely  numerous ;  indeed,  they  are  as  practically 
unlimited  as  the  ammonia  bases.  They  mostly  unite  with  acids  forming  crystal lizable 
salts.  Only  one  base  has  yet  shown  properties  which  appear  likely  to  render  it  of 
value,  and  this  is  the  one  in  which  the  three  equivalents  of  hydrogen  in  PHS  are  re- 
placed by  ethyl  (G»H6),  forming  the  compound  (CjH6)3P,  or  Triethyl  Ptwsphine. 

Phosphorus  Salt.    See  Phosphorus. 

Phosphorus,  Spectrum  of.  This  may  be  obtained  by  passing  an  induction  cur- 
rent through  a  perfectly  exhausted  Geissler's  tube  containing  a  piece  of  phosphorus. 
On  warming  the  phosphorus  it  rises  in  vapors  and  the  current  passes.  In  the  spec- 
troscope the  light  thus  produced  is  seen  to  consist  principally  or  three  bands  in  the 
green.  Phosphorus  gives  spectra  of  two  orders,  similar  to  nitrogen.  (See  Nitro- 
gen, Spectrum  of.) 

Photo-Chemical  Induction.  A  term  employed  by  Professors  Bunsen  and  Roscoe 
to  express  an  effect  which  they  first  observed  when  experimenting  on  the  action  of 
light  upon  a  mixture  of  hydrogen  and  chlorine.  (See  Chemical  Photometer.)  No 
action  was  found  to  take  place  during  the  first  moment  or  two ;  it  then  commenced 
and  rapidly  increased  to  a  maximum.  A  similar  action  has  been  observed  in  other 
photo-chemical  processes. 

Fhoto-Galvanographic  Process.    See  Photographic  Engraving. 

Photoglyphic  Engraving.    See  Photographic  Engraving. 

Photographic  Engraving.  There  are  many  processes  by  which  a  metal  plate 
can  be  engraved,  sufficient  to  print  from,  by  the  joint  action  of  light  and  chemical 
force.  It  would  be  impossible  to  describe  the  numerous  ingenious  processes  which 
have  been  from  time  to  time  devised  for  this  purpose,  but  the  following  outline  will 
give  a  fair  idea  of  the  principles  on  which  most  of  them  are  based :  A  solution  is 
made  of  gelatine  and  bichromate  of  potash  of  appropriate  strength.  This  is  poured, 
whilst  warm,  upon  a  steel  plate,  and  allowed  to  ary  in  the  dark.  It  is  next  exposed 
to  light  under  a  negative.  The  action  of  light  causes  the  chromic  acid  to  be  reduced 
to  sesquioxide  of  chromium,  the  oxygen  going  to  the  gelatine,  and  converting  it  into 
an  insoluble  substance.  If  the  surface  is  now  wetted,  the  portions  not  acted  on  by 
light  will  swell  up  the  other  parts  remaining  at  their  original  level,  and  a  mould  can 
be  taken  of  this  relief-picture,  and  from  this  a  copper  plate  elcctrotyped,  from  which 
prints  may  be  taken  at  an  ordinary  press.  This  is  tne  principle  or  the  photo-gal- 
vanographic  process.  If,  instead  of  simply  allowing  tne  unactedon  gelatine  to 
swell  up,  it  is  entirely  dissolved  out  with  water,  the  portion  where  no  light  has  acted 
will  be  left  bare,  and  may  be  bitten  in  with  acid.    Those  parts  covered  with  the 
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insoluble  gelatine  being  protected  from  action,  this  engraved  plate  may  then  be 
printed  from  at  a  copperplate  press  in  the  ordinary  maimer.  If,  instead  of  metal,  a 
lithographic  stone  is  employed,  and  it  be  moistened  with  water  after  the  action  of 
light,  the  di  fife  rent  parts  will  have  different  attractions  for  grease  and  water,  and 
photolithography  is  the  result.  Mr.  Talbot  pours  the  mixture  over  a  steel  plate, 
and,  after  exposure  to  light,  floods  it  with  solution  of  perchloride  of  iron.  This  soaks 
through  the  unaltered  gelatine,  and  etches  the  steel  surface  sufficiently  deep  to 
euablc  it  to  be  printed  from.  This  he  calls  photoglyphic  engraving.  Mr.  Wood- 
bury takes  a  leaden  mould  from  the  swollen-up  gelatine  picture,  and  uses  this  to 
print  from  with  gelatine  ink  in  a  very  ingenious  manner.  This  is  called  the  Wood- 
bury-type.  There  are  many  other  processes  of  this  kind,  but  the  principle  is  the 
same  in  all. 

Photographic  Transparency.  Bodies  which  appear  perfectly  transparent  and 
colorless  to  the  ordinary  rays  of  light,  have  very  different  transparencies  to  the  pho- 
tographic or  actinic  rays.  Thus,  rock  crystal  will  transmit  rays  of  the  spectrum  of 
the  highest  known  refrangibility,  whilst  a  piece  of  common  glass  interposed  immedi- 
ately cuts  down  the  spectrum  to  about  half  its  length.  This  subject  nas  been  prin- 
cipally examined  by  I)r.  W.  A.  Miller.  (See  Proceedings  of  the  Knyal  Institution, 
March  6, 1863.)  Among  the  most  remarkable  results  upon  the  photographic  trans- 
parency of  bodies  which  have  been  observed  in  these  researches  are  the  following : 
I.  Colorless  solids,  which  are  equally  transparent  to  the  visible  rays,  vary  greatly  in 
permeability  to  the  chemical  rays.  2.  Bodies,  which  are  photographically  trans- 
parent in  the  solid  form,  preserve  their  transparency  in  the  liquid  and  in  the  gaseous 
states.  3.  Colorless  transparent  solids  which  absorb  the  photographic  rays,  preserve 
their  absorptive  action  witn  greater  or  less  intensity  both  in  the  liquid  ana  in  the 
gaseous  states.  4.  Pure  water  is  photographically  transparent,  so  that  many  com- 
pounds which  cannot  be  obtained  in  the  solid  form  sufficiently  transparent  for  ex- 
periments, may  be  subjected  to  trial  in  solution  in  water.  The  mode  in  which  the 
experiments  were  conducted  is  the  following :  The  source  of  light  employed  was  the 
electric  spark  taken  between  two  metallic  wires,  generally  of  fine  silver,  connected 
with  the  terminals  of  the  secondary  wires  of  an  induction  coil,  Into  the  primary  cir- 
cuit of  which  is  introduced  a  condenser,  and  into  the  secondary  circuit  a  small  Leyden 
jar.  The  light  of  the  sparks  is  then  allowed  to  fall  upon  a  vertical  slit,  either  before 
or  after  traversing  a  slice  or  stratum  of  the  material,  the  electric  transparency  of 
which  is  to  be  examined.  The  transmitted  light  is  then  passed  through  a  quartz 
prism,  placed  at  the  angle  of  minimum  deviation.  Immediately  behind  this  is  a 
fens  of  rock  crystal,  and  behind  this,  at  a  suitable  distance,  the  spectrum  is  received 
upon  the  sensitive  surface  of  collodion.  Liquids  are  contained  in  a  small  glass  cell 
with  quartz  faces,  and  gases  and  vapors  in  long  tubes,  closed  at  their  extremities 
with  thin  plates  of  polished  quartz.  The  following  tables  exhibit  the  relative  diac- 
tinic  power  of  various  solids,  liquids,  and  gases  and  vapors : — 

Photographic  Transparency. 

Liquids. 

Water 

Alcohol    . 

Chloroform 

Benzol 

Wood  spirit 

Ether 

Acetic  acid 

Oil  of  turpentine 

Bisulphide  of  carbon 


Solids. 

Bock  crystal     . 

J.  \j\s             •                               •                               •                               • 

74 
74 

Fluor  spar 
Topaz 
Rock  salt 

74 
65 
63 

Iceland  spar     . 

63 

Sulphate  of  magnesia 
Borax 

62 
62 

Diamond  . 

62 

Bromide  of  potassium 
Thin  glass 

48 
20 

Iodide  of  potassium  . 

18 

Mica 

18 

Nitrate  of  potash 

16 

Oases  and  Vapors. 

74 

Oxygen    . 

74 

63 

Nitrogen  . 

■                 • 

74 

26 

Hydrogen 

9                   m 

74 

21 

Carbonic  acid 

»                    • 

74 

20 

Olefiant  gas 

>                    • 

66 

16 

Marsh  gas 

»                    • 

63 

16 

Coal  gas  . 
Benzol  vapor    . 

• 

37 

8 

»                    • 

35 

6 

Hydrochloric  acid    . 

55 

Hydrobromic  acid    . 

23 

Hydriodic  acid 

15 

Sulphurous  acid 

. 

14 

Sulphuretted  hydrogen  14 


Diactinic  bases,  when  united  with  diactinic  acids,  usually  furnish  diactinic  salts, 
but  such  a  result  is  not  uniformly  observed ;  the  silicates  are  noue  of  them  as  trans- 
parent as  silica  itself  in  the  form  of  rock  crystal.    Again,  hydrogen  is  eminently 
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diactinic,  and  iodine  vapor,  notwithstanding  its  deep  violet  color,  is  also  largely 
diactinic ;  but  hydriodic  acid  gas  is  greatly  inferior  to  either  of  them.  The  same 
substance,  however,  whatever  may  be  its  physical  form,  whether  solid,  liquid,  or 
gaseous,  preserves  its  character ;  no  chemically  opaque  scjlid,  though  transparent  to 
light,  becomes  transparent  photographically  by  liquefaction  or  volatilization ;  and 
no  transparent  solid  is  rendered  chemically  opaque  by  change  of  form.  Hence  it  is 
obvious  that  this  opacity  or  transparency  is  intimately  connected  with  the  atomic  or 
chemical  character  of  the  body,  and  not  merely  with  its  state  of  aggregation. 
Although  the  absorption  of  the  chemical  rays  varies  greatly  in  different  gases,  which, 
therefore,  in  this  action  display  an  analogy  to  their  effects  upon  radiant  heat,  yet 
those  gases  which  absorb  the  rays  of  heat  most  powerfully  are  often  highly  transpa- 
rent to  the  chemical  rays,  as  is  seen  in  the  case  of  aqueous  vapor,  of  carbonic  acid, 
cyanogen,  and  defiant  gas,  all  of  which  are  compound  substances,  not  chemical  ele- 
ments. In  the  case  of  reflection  from  polished  surfaces  the  metals  are  found  to  vary 
in  the  quality  of  the  rays  reflected  ;  gold  and  lead,  although  not  the  most  brilliant, 
reflecting  the  rays  more  uniformly  than  the  brilliant  white  surfaces  of  silver  and 
speculum  metal. 

Photograph*  of  the  Spectrum.    See  A  ctinism. 

Photography,  (ft*.  Tight ;  and  ypa4*>,  to  write.)  The  art  of  producing  repre- 
sentations or  pictures  of  objects  by  means  of  light.  Photographs  are  divided  into 
positive  and  negative.  A  negative  is  one  in  which  the  light  and  shade  are  reversed, 
and  a  positive  is  one  in  which  they  are  shown  as  in  nature.  The  action  of  light 
being  to  darken  a  sensitive  surface,  the  picture  which  is  taken  in  the  camera  obscura 
is  a  negative,  and  by  using  this  as  a  matrix,  superposing  it  on  another  sensitive  sur- 
face and  exposing  the  whole  to  light,  a  negative  or  this  negative  is  produced,  which 
is  a  positive.  Thus,  from  the  original  negative  taken  in  the  camera  any  number  of 
positives  may  be  printed.  Under  the  heads  Caloti/pe,  Collodion  Process,  and 
Vaguerreotype,  will  be  found  an  outline  of  the  principal  photographic  processes. 

raoto-ldthography.     See  Photographic  Engraving. 

Photometer, ^Bunsen's.    See  Bunsen's  Photometer. 

Photometer,  Chemical.    See  Actinometer. 

Photometer,  Polarization,    See  Polarization  Photometer. 

Photometry.  ($«**,  light,  and  /wrpw,  a  measure.)  Photometry  consists  of  the 
measurement  of  the  luminous  intensity  of  light  It  may  be  either  absolute  or  rela- 
tive. 1.  Given  a  luminous  beam,  it  is  required  to  express  its  intensity  by  some 
absolute  term  having  reference  to  a  staudard  obtained  at  some  previous  time,  and 
capable  of  being  reproduced  with  accuracy  at  any  time.  This  is  absolute  photometry. 
2.  The  standard  of  comparison  is  compared  separately  at  each  observation,  and  the 
problem  then  consists  in  the  determination  of  the  relative  intensities  of  two  sources 
of  light.  The  absolute  method  has  scarcely  yet  been  attempted,  nor  does  it  seem 
probable  that  the  problem  will  be  solved  for  some  considerable  time.  The  relative 
method  has,  however,  been  brought  to  considerable  perfection,  and  the  various  instru- 
ments now  in  use  are  described  under  their  separate  headings.  (See  Bunsen's  Pho- 
tometer; Polarization  Photometer;  RumforoVs  Photometer;  Ritchie's  Photom- 
eter; Araqo's  Photometer ;  Jet  Photometer ;  Electro-Photometer,  Massons's.) 

Physical  Analysis  Of  Expired  Air.  Professor  Tyndall  found  that  carbonic 
acid  possesses  very  slight  absorptive  power  for  the  heat  emitted  from  hot  solids,  but 
that,  when  a  flame  of  carbonic  oxide  (burning  to  carbonic  acid)  was  substituted  as 
the  source,  the  absorption  of  the  emitted  heat  by  carbonic  acid  was  considerable. 
Thus,  one-thirtieth  of  an  atmosphere  of  carbonic  acid  absorbs  48  per  cent,  of  the 
radiation  from  a  carbonic  oxide  flame,  and  one-third  of  an  atmosphere  absorbs  74-3 

Ser  cent.  It  is  clear,  therefore,  that  a  very  small  quantity  of  carbonic  acid  can  be 
etected  by  observing  its  absorption  of  the  heat  emitted  by  a  carbonic  oxide  flame. 
This  has  been  applied  by  Mr.  W.  F.  Barrett  to  the  analysis  of  expired  air,  which 
leaves  the  lungs  charged  with  aqueous  vapor  and  carbonic  acid.  The  absorption  due 
to  dry  expired  air  was  first  determined,  and  a  mixture  was  then  made  of  pure  car- 
bonic acia  with  dry  air,  which  produced  a  similar  absorption.  Two  determinations 
by  Professor  Frankland  of  the  carbonic  acid  in  expired  air,  by  chemical  analysis,  gave 
respectively  4.66  and  5.33  per  cent.,  while  the  physical  analysis  of  the  same  by  Mr. 
Barrett  gave  respectively  4.56  and  5.22. 

Pidic  Acid  j  or,  Carbazotic  Acid,  An  organic  acid  largely  used  as  a  yellow  dye 
for  wool  and  silk.    It  forms  light  yellow  octahedrons  and  needles,  of  the  composition 
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* 
CflHsNs07.  It  is  slightly  soluble  in  water,  easily  so  in  alcohol.  Its  solutions  have 
a  harsh  bitter  taste.  Picric  acid  is  sometimes  nsed  as  a  test  for  potassium,  as  its 
potassium  salt  is  very  slightly  soluble  in  cold  water.  Picrate  of  potassium  detonates 
violently  when  heated,  anfl  has  been  used  as  an  explosive  agent. 

Picrotoxin.  A  poisonous  organic  substance  extracted  from  the  seeds  of  coecu- 
lus  indicus.  Composition  Cl2HH05.  It  crystallises  in  stellate  groups,  which  are 
white,  inodorous,  and  neutral.    Its  taste  is  intensely  bitter. 

Pictor.  (Abbreviated  from  Equxdeus  Pictorius,  the  painter's  easel.)  One  of 
Lacaille's  southern  constellations. 

Piezometer.    See  Compressibility  of  Liquids. 

Pig  Iron.    See  Iron. 

Pigmentum  Nigrum,  (Black  pigment.)  An  opaque  coating  which  covers  the 
choroid  coating  of  the  eye.    (See  Eye.) 

Pile,  Dry.    See  Dry  Pile. 

Pile,  Yoita's.    See  Volta's  Pile. 

Pinion.    See  Rack  and  Pinion. 

Pisces.  (The  fishes.)  A  sign  of  the  zodiac.  The  sun  enters  this  sign  on  about 
the  19th  of  February,  and  leaves  it  on  about  the  21st  of  March.  The  constellation 
of  the  same  name  occupies  the  zodiacal  region  corresponding  to  the  .sign  Aries.  Within 
this  constellation  are  several  very  interesting'  double  stars,  among  which  the  star 
Alpha  Piscium,  a  well-known  binary,  is  worthy  of  special  mention. 

Piscis  Anstralis.  (The  southern  fish.)  One  of  Ptolemy's  southern  constellations. 
Its  chief  brilliant  is  the  star  Fomalhaut,  commonly  recognized  as  a  first-magnitude 
star,  but  estimated  by  Sir  John  Herschel  as  one  of  the  second  magnitude  only,  though 
nearly  the  brightest  of  the  class. 

Piscis  Volans.     (The  flying  fish.)    One  of  Bayer's  southern  constellations. 

Pitch,  in  music,  in  the  general  sense,  is  the  number  of  vibrations  per  second  which 
constitute  a  note.  Thus,  the  pitch  of  one  note  is  three  times  as  high  as  another  when 
the  first  consists  of  three  times  the  number  of  vibrations  in  a  second.  The  vibrations 
in  Germany  and  England  are  usually  considered  as  the  complete  ones — that  is,  the 
swing  to  and  fro  of  the  parts  of  the  sonorous  body.  In  France,  a  vibration  is  half 
this,  or  a  swinging  to  or  fro.  The  pitch  in  the  more  limited  or  technical  sense,  signi- 
fies the  arbitrary  or  conventional  relation  between  the  name  of  a  note  and  the  number 
of  vibrations  which  produce  it.  The  pitch  now  most  usually  adopted  is  the  French 
standard  pitch,  or  that  of  the  "  normal  diapason,"  which  represents  the  note  A  in  the 
treble  stave,  and  which  consists  of  435  complete  (English)  vibrations  per  second. 
English  concert  pitch  A  consists  of  a  few  more  vibrations  per  second.  Tne  pitch  of 
the  same  nominal  note  varies  in  different  countries,  and  has  varied  in  all  countries 
from  year  to  year  before  the  establishment  of  the  French  standard,  which  promises  at 
last  to  fix  the  relation  permanently. 

Pitch  Circle.  In  toothed  wheels,  the  circle  which  would  bisect  all  the  teeth. 
When  two  wheels  are  in  gear,  they  are  so  arranged  that  their  pitch  circles  touch  one 
another.     (See  Toothed  Gear.) 

Plane  Mirror.  A  reflecting  surface  perfectly  plane,  used  to  reflect  incident  rays 
of  light  without  affecting  their  convergence,  divergence,  or  parallelism.  (See 
Mirror.) 

Plane  Polarization.    (See  Polarization  Plane.) 

Planet.  (ftiaxioiuu,  to  wander ;  aattjp  rOssAr^r^  a  wandering  star.)  This  name 
was  originally  intended  to  distinguish  those  celestial  bodies  which  change  their  place 
upon  the  heavens :  but  the  term  is  now  limited  by  astronomers  to  those  solid  and 
massive  orbs  which  revolve  around  the  sun  at  different  distances,  in  nearly  circular 
orbits.  It  includes  two  distinct  families — the  major  planets,  Mercury,  Venus,  Mars, 
Jupiter,  Saturn,  Uranus,  and  Neptune  (within  which  family  the  earth,  though  not, 
astronomically  speaking,  a  planet,  must  yet  be  included,  falling  into  place  between 
Venus  and  Mars),  and  the  minor  planets  or  zone  of  asteroids  revolving  between  the 
orbits  of  Mars  and  Jupiter.  The  raraily  of  major  planets  may  also  be  itself  subdivi- 
ded conveniently  into  two  portions,  the  intra-asteroidal  planets,  Mercury,  Venus,  the 
Earth,  and  Mars,  and  the  extra-asteroidal  planets,  Jupiter,  Saturn,  Uranus,  and  Nep- 
tune. This  subdivision  is  not  arbitrary,  since  the  characteristics  of  the  planets 
travelling  within  the  zone  of  asteroids  differ  in  the  most  marked  manner  from  the 
characteristics  of  the  planets  travelling  outside  that  zone. 

Under  various  heads  will  be  found  a  full  account  of  the  apparent  motions  of  the 
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planets  and  the  interpretation  of  those  motions,  involving  the  recognition  of  the 
planets'  real  motions  (see  Ptolemaic,  Tychonic,  Gopernican,  and  Newtonian  Sys- 
tems) ;  the  general  elements  of  the  planets  (see  Elements) ;  the  aspect  and  physical 
habitudes  of  each  planet  (see  Mercury,  Venus,  etc.),  aud  other  such  matters.  We 
propose  here  to  give  a  brief  sketch  of  the  relations  presented  by  the  planets  inter  se. 

In  taking  a  general  view  of  the  planetary  system,  we  are  struck  first  by  the  indica- 
tions of  law  in  the  orderly  sequence  of  the  planetary  distances.  Near  the  sun  the 
distances  increase  slowly,  the  intervals  between  orbit  and  orbit  being  relatively  so 
small  that  the  whole  group  of  intra-asteroidal  orbits  might  be  placed  between  the 
orbits  of  Jupiter  and  Saturn,  with  a  wide  interval  separating  it  from  either.  Between 
the  orbits  either  of  Neptune  and  Uranus,  or  of  Uranus  and  Saturn,  the  whole  of  the 
asteroidal  zone,  and  the  planets  circling  within  it,  could  in  like  manner  be  placed, 
with  a  very  wide  interval  of  separation  on  either  side.  In  considering  the  relations 
of  distance,  we  see  farther  that  the  rate  of  increase  of  the  successive  orbit-intervals 
exhibits  indications  of  a  uniform  law  of  progression.  It  was  the  recognition  of  these 
indications  which  led  Kepler,  Titius,  and  Bode  to  construct  that  empirical  law  of 
association,  which  commonly  bears  the  name  of  the  last  named  astronomer.  (See 
Bode9*  Law).  Although  we  cannot  at  present  recognize  any  physical  basis  for  such 
a  law,  it  must  yet  not  be  forgotten  that  we  owe  to  the  attention  directed  to  Bode's 
law,  the  discovery  of  the  zone  of  asteroids  ;  and  farther,  that  though  it  fails  in  the 
case  of  Neptune,  yet  neither  Adams  nor  Leverrier  would,  in  all  probability,  have 
been  willing  to  undertake  the  analytical  search  for  this  planet  had  they  not  been 
aided  by  the  assurance  which  the  law  gave  them  that  the  unseen  orb  lay  within 
certain  limits  of  distance. 

For  our  present  purpose  it  is  sufficient  to  describe  the  order  of  distances  of  the 
planets,  as  far  as  Uranus,  as  such  that  each  is  about  twice  as  far  beyond  the  orbit 
of  Mercury  as  the  next  inner  planet  is.  Neptune  on  the  one  side  and  Mercury  on 
the  other,  remain  thus  outside  the  range  of  the  law.  The  general  account  of  the 
system  is  completed  by  adding  that  Mercury  is  about  half  as  far  as  Venus,  aud 
Neptune  about  half  as  far  again  as  Uranus  from  the  sun. 

Next  as  regards  the  dimensions  of  the  planets.  Here  it  is  not  so  easy  to  recognize 
the  presence  even  of  an  incomplete  law.  The  intra-asteroidal  planets  are  all  small 
compared  with  the  extra-asteroidal  orbs ;  but  within  each  family  there  seems  wanting 
all  traces  of  orderly  sequence.  Proceeding  from  the  sun,  we  nnd  Mercury  the  least 
of  the  planets ;  then  Venus  nearly  as  large  as  the  Earth ;  then  the  Earth  ;  and  then 
Mars,  which,  though  larger  than  Mercury,  is  very  much  smaller  than  either  Venus  or 
the  earth.  Outside  the  asteroidal  zone,  wc  find,  first,  the  giant  planet  Jupiter,  then, 
Saturn,  very  much  less,  but  still  far  larger  than  all  the  other  planets  taken  together ; 
next,  Uranus,  which,  compared  with  Saturn,  is  somewhat  as  Mercury  compared  with 
the  earth ;  then,  lastly,  Neptune  which  is  larger  than  Uranus  (somewhat  as  Mars 
exceeds  Mercury).     One  can  recognize  no  traces  of  law  here. 

As  regards  the  masses  of  the  planets,  the  same  absence  of  law  is  noticed.  The 
order  of  the  planets  in  regard  to  mass  is  in  fact  the  same  as  the  order  with  regard  to 
volume ;  only  the  relative  range  of  variation  is  markedly  smaller,  on  account  of  the 
small  density  of  the  larger  planets. 

As  regards,  again,  the  nature  of  the  schemes  swayed  by  certain  planets,  it  is  diffi- 
cult to  recognize  the  traces  of  any  law.  We  find  all  the  extra-asteroidal  planets 
provided  with  attendants.  But  Jupiter,  though  the  largest,  has  not  the  largest 
attendant  system,  being  far  surpassed  in  this  respect  by  Saturn.  As  to  Uranus  and 
Neptune,  it  would  be  difficult  to  form  an  exact  opinion,  since  we  can  hardly  imagine 
that  all  the  satellites  attending  on  these  distant  worlds  have  been  discovered.  (See 
Satellites,)  In  the  case  of  the  intra-asteroidal  planets,  one  only,  the  earth,  has  an 
attendant  orb.  With  respect  to  the  planetary  rotations,  we  find  some  traces  of  law. 
Each  of  the  extra-asteroidal  planets  would  seem,  60  far  as  observation  has  yet  gone, 
to  rotate  in  a  period  of  about  10  hours ;  while  each  of  the  planets  within  the  zone 
of  asteroids  probably  rotates  in  about  24  hours.  But  when  we  consider  the  direction 
of  the  axes  of  rotation,  we  find  again  an  utter  absence  of  all  apparent  law.  We 
do  not  know  certainly  the  inclination  of  the  equators  of  Venus  and  Mercury  to  the 
orbit-planes  of  these  planets,  but  it  is  supposed  to  be  considerably  greater  than  the 
obliquity  of  the  earth's  equator,  which  is  about  23^  degrees.  The  equator  of  Mars 
has  an  inclination  of  about  28  degrees.  Passing  beyond  the  zone  of  asteroids,  we 
find  the  equator  of  Jupiter  inclined  little  more  than  3  degrees ;  that  of  Saturn  in- 


522  PLANET. 

clined  upwards  of  26° ;  that  of  Uranus  (it  is  supposed)  about  75  degrees ;  and  the 
equator  of  Neptune  so  abnormally  placed  with  reference  to  the  direction  of  his  rota- 
tiou  (assumed  to  correspond  to  the  motion  of  his  satellites),  that  his  inclination  may 
be  described  as  nearly  160  degrees. 

In  considering  those  relations  which  belong  to  the  general  aspect  of  the  planetary 
system,  we  find  that  beyond  the  general  laws  according  to  which  the  planets  travel 
in  nearly  circular  orbits,  all  in  the  same  direction,  and  nearly  in  the  plane  of  the 
ecliptic,  there  are  few  traces  of  orderly  arrangement.  The  planet  Mercury  has  the 
most  eccentric  orbit  and  the  one  which  is  most  inclined  to  the  plane  of  the  ecliptic. 
Yenns,  on  the  other  hand,  while  coming  next  to  Mercury  in  respect  of  the  inclination 
of  her  orbit,  has  the  least  eccentric  orbit  of  all  the  primary  planets.  Uranus  has  an 
orbit  of  considerable  eccentricity,  but  very  little  inclined  to  the  ecliptic,  while  the 
path  of  Neptune  is  nearly  three  times  as  much  inclined  to  the  ecliptic,  but  not  nearly 
so  eccentric  as  that  of  Uranus.  The  order  of  the  planetary  orbits  as  respects  eccen- 
tricity is  as  follows : — 

Eccentricity. 

0.046578 
0.016771 
0.008720 
6.006833 


Eccentricity. 

Mercury 

• 

0.205618 

Uranus  . 

Mars     . 

• 

0.093262 

The  Earth 

Saturn  . 

• 

0.055996 

Neptune 

Jupiter . 

• 

0.048239 

Venus   . 

Whereas  as 

respects  inclination  the  order  ii 

Inclination. 

Mercury 

• 

.     7°  0'   8.2" 

Neptune 

Venus  . 

• 

.     3°  23' 30.8" 

Jupiter . 

Saturn  . 

• 

.    2°29/28.1" 

Uranus. 

Mars     . 

• 

.     1°51'   5.1" 

Inclination. 

.  1^46' 59.0" 
.  1°  18'  40.3" 
.    0°  46' 29.9" 

It  must  be  remarked,  however,  that  properly  speaking  the  ecliptic  is  not  a  suita- 
ble plane  of  reference  for  the  inclinations,  however  convenient  for  terrestrial  astrono- 
mers. The  true  plane  of  reference  is  the  medial  plane  of  the  system,  or  that  plane 
with  reference  to  which  all  the  orbit-planes  oscillate.  The  plane  of  Jupiter  lies  very 
near  to  this  plane,  and  considered  with  reference  to  it,  the  orbit-planes  of  Mercury 
aud  Venus  are  appreciably  less  inclined  than  they  appear  in  the  above  table. 

There  are  few  more  interesting  chapters  in  the  nistorv  of  astronomy  than  those 
which  treat  of  the  mathematical  relations  presented  by  tne  planetary  eccentricities 
and  inclinations.  Seeing  these  elements  as  we  do  undergoing  gradual  processes  of 
increment  and  decrement,  continuing  apparently  without  change  for  long  periods  in 
a  definite  direction,  astronomers  were  in  doubt,  until  mathematics  solved  the  diffi- 
culty, whether  the  planetary  system  were  in  truth  stable,  or  whether  mayhap  pro- 
cesses might  not  be  in  action  which  would  go  on  with  gradually  increasing  effect 
until  at  length  the  whole  system  would  go  to  wrack.  Gradually,  however,  the  pro- 
gress of  analysis  revealed  the  true  interpretation  of  these  processes,  and  showed 
them  to  belong  not  to  changes  tending  continually  in  one  direction,  but  to  oscillatory 
variations  proceeding  in  orderly  sequence  within  definite  and  even  narrow  limits. 
We  owe  to  Lagrange  the  first  enunciation  of  the  laws  relative  to  the  stability  of 
the  solar  system,  with  assumed  estimates  of  the  planetary  masses ;  but  the  credit 
must  be  assigned  to  Laplace  of  establishing  the  important  theorems  which  have  been 
justly  described  as  the  Magna  Charta  of  the  solar  system.  He  proved  in  1784  that 
in  any  system  of  bodies  travelling  in  one  direction  around  a  central  attracting  orb, 
the  eccentricities  and  inclinations,  if  small  at  any  one  time,  would  always  continue 
inconsiderable.    His  two  theorems  may  be  thus  stated : — 

First,  If  the  mass  of  each  planet  be  multiplied  by  the  square  of  the  eccentricity, 
and  this  product  by  the  square  root  of  the  mean  distance,  the  sum  of  the  products 
thus  formed  will  be  invariable. 

Secondly,  If  the  mass  of  each  planet  be  multiplied  by  the  square  of  the  tan- 
gent of  the  orbiVs  inclination  to  a  fixed  plane,  and  this  product  by  the  square 
root  of  the  mean  distance,  the  sum  of  the  products  thus  formed  will  be  inva- 
riable. 

Professor  Grant  has  well  remarked  respecting  these  laws,  that  combined  with  the 
invariability  of  the  planetary  mean  distances  they  "  secure  the  permanence  of  the 
solar  system  throughout  an  indefinite  lapse  of  ages,  and  offer  to  us  an  impressive  in- 
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dication  of  the  Supreme  Intelligence  which  presides  over  nature  and  perpetuates  her 
beneficent  arrangements.  When  contemplated  merely  as  speculative  truths,  they 
are  unquestionably  the  most  important  which  the  transcendental  analysis  has  disclosed 
to  the  researches  of  astronomers,  and  their  complete  establishment  would  suffice  to 
immortalize  the  names  of  Lagrange  and  Laplace,  even  although  those  great  geniuses 
possessed  no  other  claims  to  the  recollection  of  posterity." 

For  an  account  of  the  minor  members  of  the  planetary  system  see  Asteroids. 

Planetary  Nebula.    See  Nebulas. 

Planets,  Spectra  o£  As  in  the  case  of  the  moon  the  spectra  of  planets  are  essen- 
tially that  of  reflected  sunlight,  modified  according  to  the  color  of  the  reflecting  sur- 
face or  the  planetary  atmosphere  the  light  traverses.  Jupiter  shows  very  strong 
hydrogen  ana  aqueous  vapor  absorption  bands.  According  to  Secchi  the  spectrum 
of  Neptune  is  peculiar,  being  almost  devoid  of  red,  and  consisting  chiefly  of  three 
lines  or  bands  near  the  green. 

Piano-Concave  Lens.  A  lens  having  one  concave  and  one  plane  surface.  It 
causes  parallel  rays  of  light  to  diverge. 

Piano-Concave  Prism.    See  Prismatic  Lens. 

Piano-Convex  Lens.  A  lens  which  has  one  convex  and  one  plane  surface.  It 
converges  parallel  ravs  of  light  to  a  focus. 

Piano-Convex  Prism.    See  Prismatic  Lens. 

Plants.  Ash  o£  All  plants  contain,  as  a  necessary  constituent,  mineral  sub- 
stances, the  number  of  which  is  small,  but  their  nature  varies  in  different  species  of 
plants.  The  necessary  mineral  constituents  appear  to  be  potash,  soda,  lime,  mag- 
nesia, and  occasionally  small  quantities  of  alumina,  iron,  and  manganese,  together 
with  sulphuric,  silicic,  phosphoric  and  hydrochloric  acids.  The  proportion  of  these 
saline  constituents  varies  in  different  parts  of  the  same  plant,  and  from  an  analysis 
of  the  plant  and  its  different  parts  the  special  saline  ingredients  which  it  requires 
for  healthy  growth  are  at  once  seen ;  thus  maize,  straw,  turnip  roots,  beet,  potato 
tubers,  and  Jerusalem  artichoke  tubers  require  most  alkaline  constituents ;  tobacco, 
peas,  straw,  potatoes1  haulm,  clover,  Jerusalem  artichokes,  and  turnip  tops  require 
calcareous  soil ;  the  stems  of  wheat,  barley,  oats,  and  rye  require  excess  of  silicic 
acid,  presented  in  the  soluble  form ;  peas,  Jerusalem  artichokes,  potatoes,  and  tur- 
nips require  alkalino-calcareous  constituents ;  barley  requires  calcareo-siliceous  con- 
stituents, whilst  the  corn  of  wheat,  oats,  and  rye  require  alkalino-siliceous.  (Miller*  a 
Chemistry,  part  iii.,  page  882.)    According  to  Johnstone — 


ton  of  undriec 

potato  tops  contains 

<«            ii 

turnip  tops        " 

«             i< 

hay                    " 

<i             i< 

pea  haulm         " 
fcean  straw        " 

14                          II 

II                          II 

wheat  straw       " 

II                          II 

oat  straw           " 

II                        41 
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II                        II 
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II                         II 

rape  dust          " 

26  lbs.  of  ash. 

48 

ii 
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ii 
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ii 

70 

ii 

220 
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ii 

60 

ii 
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CI 

See  Vegetable  Nutrition ;  Soils,  Chemistry  of. 

Plants,  Nutrition  of.    See  Vegetable  Nutrition. 

Plaster  of  Paris.    See  Sulphates,  Calcium. 

Plates,  Polarisation  oil  If  two  platinum  electrodes,  which  have  been  used  in 
decomposing  water,  be  detached  from  the  battery  and  attached  to  the  extremities  of 
a  galvanometer  coil,  and  if  they  be  then  immersed  in  acidulated  water,  a  current  is 
immediately  set  up  between  them,  and  the  direction  of  it  shows  that  the  electrode 
at  which  the  hydrogen  was  given  off  during  the  decomposition,  acts  towards  the 
other  as  a  zinc  plate  would  towards  a  platinum  plate  in  an  acid  solution.  This  is 
due  to  the  fact  that  the  plates,  when  they  were  acting  as  electrodes  in  the  decom- 
posing cell,  condensed  on  their  surfaces  portions  of  the  gases  which  were  being 
liberated  at  them.  Thus,  one  became  coated  with  hydrogen  and  the  other  with 
oxygen.  The  hydrogen  plate,  having  a  great  affinity  for  oxygen,  just  as  the  zinc  in 
an  ordinary  cell  has,  acts  as  the  zinc  would  act,  while  the  other  plate,  beinj?  in  the 
opposite  state,  plays  the  part  of  the  platinum.  The  plates  in  this  condition  are 
spoken  of  as  polarized,  and  the  phenomenon,  together  with  that  which  we  are  about 
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to  mention,  is  known  as  polarization  of  the  plate,  a  not  very  appropriate  expression. 
This  condition  of  excitation  or  polarization  is  assumed  by  the  electrodes  daring  the 
time  that  they  are  acting  as  electrodes,  and  it  gives  rise  to  a  current  through  the 
decomposing  cell  from  the  negative  electrode  to  the  positive, — a  current  whose  effect 
is  simply  to  enfeeble  the  primary  current  from  the  battery.  This  may  readily  be 
shown  by  means  of  the  galvanometer,  for  the  current  which  takes  place  at  first  is 
gradually  seen  to  fall  off  to  a  very  notable  extent.  The  same  thing  occurs  too 
within  the  battery  itself,  unless  means  be  taken  to  get  rid  of  the  disturbance ;  for, 
in  the  case  of  such  a  battery  as  an  ordinary  cell  of  zinc  and  copper  in  dilute  acid, 
the  copper  plate  very  soon  gets  covered  with  hydrogen,  and  the  current  is  very 
much  weakened,  as  may  be  proved  with  the  aid  of  a  galvanometer.  Hence,  various 
plant  have  been  invented  in  order  to  obtain  a  constant  battery  such  as  Grove* $  bat- 
tery, in  which  the  hydrogen  which  would  be  deposited  on  the  conducting  plate  is 
oxidized  by  nitric  acid,  or  Smee's  battery,  in  which  the  hydrogen  is  got  rid  of  as 
much  as  possible  mechanically.     (See  Battery,  Galvanic.) 

The  current  which  is  produced  between  plates  that  have  been  employed  in  a  de- 
composing cell  have  been  utilized  in  the  Gas  Battery  of  Grove,  and  in  the  Second' 
ary  Pile  of  Ritter,  which  see. 

Platinum.  (Spanish  Platina,  a  diminutive  of  Plata,  silver.)  A  metallic  ele- 
ment of  a  white  color,  very  ductile  and  malleable,  and  capable  of  taking  a  high 
polish  ;  it  is  softer  than  silver  and  is  a  bad  conductor  of  heat  and  electricity.  It  is 
infusible  by  the  strongest  heat  of  a  furnace,  but  melts  before  the  oxyhydrogen  blow- 
pipe. Atomic  weight  197.4.  Symbol  Pt  Specific  gravity  21.5.  It  is  unattacked 
by  all  single  acids,  but  is  dissolved  by  a  mixture  of  nitric  and  hydrochloric  acids. 
At  a  full  red  or  white  heat  platinum  possesses  the  property  of  welding,  and  upon 
this  the  methods  of  working  the  metal  depend,  where  it  is  not  melted  before  the 
blowpipe.  When  platinum  is  precipitated  from  its  solutions  in  a  finely  divided 
state  by  means  of  zinc  or  organic  reducing  agents,  it  has  the  appearance  of  lamp- 
black, and  is  called  platinum  black,  and  when  this  is  heated  to  whiteness,  or  when 
the  metal  is  obtained  in  a  less  finely  divided  state  by  other  means,  it  is  called  plati- 
num sponge ;  in  this  state  it  has  a  grayish  color,  which  assumes  a  metallic  lustre  by 
friction.  Platinum  possesses  the  property  of  condensing  in  its  pores  many  times  its 
volume  of  different  gases,  especially  nydrogen  and  oxygen,  and  when  exposed  to  a 
mixture  of  these  gases,  or  when  a  jet  of  hydrogen  is  allowed  to  impinge  upon  it  in 
the  air,  the  metal  rapidly  becomes  red-hot  and  induces  combustion.  Tnis  property 
is  possessed  in  the  highest  degree  by  platinum  black,  in  a  somewhat  inferior  degree 
by  spongy  platinum,  and  in  a  still  less  degree  by  compact  platinum.  Owing  to  its 
infusibility  and  indifference  to  ordinary  re-agents,  platinum  is  of  the  highest  import- 
ance in  the  laboratory  and  in  many  manufacturing  operations.  It  is  largely  used  in 
the  form  of  wire  and  foil,  and  is  worked  into  crucibles,  retorts,  evaporating  dishes, 
tubes,  etc.  In  the  concentration  of  sulphuric  acid  platinum  retorts,  weighing  many 
thousand  ounces,  are  sometimes  used.  The  compounds  of  platinum  do  not  require 
much  attention ;  the  only  one  which  ueeds  to  be  noticed  here  is  the  Tetrachloride 
of  Platinum  or  Platinic  Chloride  (PtCl4).  This  is  a  brown-red  crystalline  mass, 
left  on  evaporating  to  dryness  a  solution  of  platinum  in  nitro-hydrochloric  acid.  It 
is  very  soluble  in  water.  Platinic  chloride  forms  double  salts  with  other  metallic 
chlorides,  especially  with  those  of  the  alkalies  and  organic  bases ;  they  are  generally 
sparingly  soluble  in  water,  and  usually  crystallize  with  great  facility.  (See  Chloro- 
Platinates.) 

Platinum  enters  into  combination  with  many  ammoniacal  products,  forming  a  com- 
plicated series  of  ammonio-platinum  bases. 

Pleiades.  (aXMci&f.)  In  astronomy  the  name  given  to  a  group  of  stars  in 
Taurus,  of  which  six  are  visible  to  ordinary  eyesight,  though  to  those  who  have 
exceptionally  good  sight.  10,  12,  and  even  14  stars  are  visible.  In  the  telescope 
there  are  hundreds.  We  owe  to  Mitchel  the  first  enunciation  of  the  theorv  that 
these  stars  are  physically  associated.  This  was  afterwards  rendered  abundantly 
evident  by  the  researches  of  the  elder  Herschel. 

Pleoehroism.     (***©*  full ;  and  gpoia,  color.)     (See  Dichroism.) 

Plumbago.    A  name  applied  to  a  variety  of  carbon.    (See  Carbon,) 

Plumbic  Acid.    See  Lead,  Peroxide. 

Plumb-Line.  •  (Plumbum,  lead.)  An  instrument  for  determining  the  vertical 
direction,  consisting  of  a  thin  cord  suspended  by  one  end  from  a  fixed  poirf  *od 
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having  attached  to  the  other  end  a  small  weight  usually  consisting  of  lead.  When 
a  plumb-dine  is  left  perfectly  free,  the  weight,  being  acted  on  by  gravity,  causes  the 
cord  to  take  up  a  position  perpendicular  to  the  general  direction  of  the  earth's  surface. 
The  plumb-line,  variously  modified,  is  widely  used  in  the  arts,  to  test  and  determine 
straight  and  vertical  Hues,  as  well  as  horizontal  lines  by  applying  the  fact  that  the 
plumb-line  always  makes  right  angles  with  the  horizontal.  Thus,  in  the  mason's 
level  a  board  is  taken  with  one  side  well  planed,  and  a  perpendicular  is  raised  upon 
it,  called  a  square4ine.  A  plumb-line  is  suspended  from  a  point  in  this  perpendicu- 
lar, so  that  the  weight  may  oscillate  in  a  hollow  made  in  the  board.  Then,  if  the 
surface  to  be  tested  is  horizontal,  the  plumb-line  will  cover  the  Bquare-line  when  the 
instrument  is  placed  upright  upon  the  surface.    (See  Gravity.) 

Pluviometer.    (Pluvia,  rain.)    See  Rain  Gauge. 

Pneumatics.  Pneumatics  is  the  mechanics  of  gases.  This  science  is  usually 
understood  to  embrace  aerostatics  or  the  equilibrium  of  gases,  and  aerodynamics  or 
the  motion  ofgases. 

Pointers,  The.  A  name  given  to  the  stars  a  and  0  in  the  constellation  Ursa 
Major,  because  they  lie  nearly  on  a  great  circle  through  the  pole  of  the  heavens. 

Joints,  Consecutive  or  Consequent.     See  Consecutive  Points. 

Points  of  the  Compass.  The  card  of  the  mariner's  compass  is  divided  into  thirty- 
two  equal  angles  by  lines  drawn  through  the  centre,  and  the  extremities  of  the  lines 
are  called  the  points  of  the  compass.  The  division  is  made  in  the  following  way : — 
Two  diameters  are  drawn  at  right  angles  to  each  other,  one  of  which  is  called  the 
north  and  south  line,  the  other  the  east  and  west  line ;  and  in  the  common  compass, 
in  which  the  card  is  attached  to  the  needle,  the  axis  of  the  needle  is  parallel  to  the 
former  of  these.  At  the  extremities  of  it  are  marked  the  letters  N.  (north),  S. 
(south) ;  and  at  the  extremities  of  the  other  line,  the  letters  E.  (east)  and  W.  (west). 
The  right  angles  formed  by  these  lines  are  bisected  to  obtain  the  next  points,  and 
these  are  named  from  their  positions  on  the  card.  Thus,  that  between  N.  and  E.  is 
called  N.E.  (northeast),  and  the  others  in  a  similar  way,  S  E.,  S.W.,  and  N.W. 
respectively.  Again,  eight  new  lines  are  drawn  to  bisect  the  eight  angles,  thus 
making  up  sixteen  of  the  thirty-two  points,  and  the  eight  new  lines  are  named  as 
follows :  That  between  N.  and  N.E.  is  called  N.N.E.  (north-northeast),  that  be- 
tween N.E.  and  E.  is  called  E.N.E.,  and  the  others  E.S.E..  S.S.E.,  S.S.W.,  W.S.W., 
W.N.W.,  and  N.N.W.,  according  to  their  position.  Lastly,  sixteen  more  lines  are 
drawn  bisecting  once  more  all  the  angles,  and  the  names  of  these  are  distinguished 
by  the  characteristic  word  by.  The  first  line  on  the  east  side  of  N.  is  called  north  by 
east  (N.  bv  E.) ;  the  line  to  the  north  of  N.E.,  N.E.  by  N. ;  that  to  the  east  of  N.E., 
N.E.  by  E.,  and  so  on.    The  list  of  all  the  points  stands  as  follows : — 


N. 

N.  by  E. 

N.N.E. 

N.E.  by  N. 

N.E. 

N.E.  by  E. 

E.N.E. 

E.  by  N. 


E. 

E.  by  S. 

S.E.  by  E. 
S.E. 

S.E.  by  S. 
o.S.E. 
S.  by  E. 


S. 

W. 

S.  by  W. 

S.S.W. 

W.  by  N. 

W.N.W. 

S.W.  by  S. 

N.W.  by  W 

s.w. 

N.W. 

S.W.  by  W. 
W.S.W. 

N.W.  by  N. 

N.N.W 

W.  by  S. 

N.  by  W. 

The  repeating  from  memory  the  names  of  the  points  is  called  by  sailors  "  boxing 
the  compass."  In  naming  directions,  the  augles  between  the  points  are  very  fre- 
quently subdivided  again  by  what  are  called  half  points  and  quarter  points.  Thus, 
for  example,  in  proceeding  from  N.  to  N.  by  E.,  we  should  have  N.  by  \  E.,  N.  by 
i  E.,  N.  by  }  E.,  N.  by  E.,  and  so  on  for  the  rest.  Since  a  circle  is  divided  into 
360°,  the  angle  between  each  point  is  11°15',  and  the  smallest  division  is  thus  one 
quarter  of  this,  or  2°  48'  45".  The  points  of  the  compass  are  called  by  sailors 
rhumbs. 

Poison.  (Potto,  to  drink.)  Any  substance  which  rapidly  destroys  life  when 
taken  internally  is  popularly  called  a  poison ;  but  when  a  more  exact  definition  is 
sought  it  is  not  easy  to  find,  for  in  most  cases  the  distinction  between  a  poison  and  a 
harmless,  or  even  a  remedial,  substance,  is  simply  one  of  degree.  Many  poisons,  such 
as  strychnine,  prussic  acid,  corrosive  sublimate,  and  arsenic,  become  valuable  reme- 
dies when  judiciously  employed  in  minute  doses.  On  the  other  hand,  many  common 
medicines,  such  as  morphia,  quinine,  calomel,  and  citrate  of  potash,  are  poisonous  in 
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large  doses.  The  contagia  of  epidemic  diseases,  such  as  cholera,  small-pox,  and 
scarlet  fever,  are  supposed  to  be  definite  ferments,  endowed  with  the  vital  power  of 
self-multiplication  and  propagation.  They  should  therefore  be  classed  amongst 
poisous  of  the  most  virulent  and  deadly  character. 

Polar  Clock.  An  instrument  constructed  by  Sir  Charles  Wheatstone  for  ascer- 
taining the  hour,  by  observing  the  amount  of  polarization  of  the  sky.  It  consists  of 
a  tube  pointing  in  the  direction  of  the  earth's  axis,  fitted  with  a  double  image  prism 
at  the  lower  end  as  an  eye-piece,  and  a  small  hole,  covered  by  a  thin  plate  of  selenite, 
at  the  end  which  points  to  the  north  pole  of  the  sky.  The  double  image  prism  is 
capable  of  rotation,  and  carries  an  index  which  points  to  the  hours  engraved  on  a 
semicircle.  The  plane  of  polarization  being  always  90°  from  the  sun,  when  the  eye- 
piece is  once  properly  adjusted,  and  then  rotated  until  the  position  of  no  color  is 
gained,  the  index  will  point  to  the  right  time. 

Polar  Distance,  North.  The  distance  of  a  celestial  object  from  the  north  pole 
of  the  heavens,  measured  along  a  great  circle  passing  through  the  poles.  It  is 
usually  measured  through  180°,  so  that  astronomers  seldom  speak  of  south  polar 
distance. 

Polarimeter.  A  polariscope  so  arranged  as  to  enable  the  amount  and  character 
of  polarization  to  be  measured  as  well  as  seen.  ^See  Polariscope;  Saccharometer  ; 
ana  Right-handed  and  Left-handed  Polarization.) 

Polaris.  (The  polar  star.)  The  star  a  of  the  constellation  Ursa  Minor.  It  is 
at  present  quite  close  to  the  north  pole,  and  will  continue  for  many  centuries  to  be 
the  polar  star  of  the  northern  heavens,  though  after  a  time  precession  will  remove  it 
from  the  position  it  at  present  holds. 

Polarization  by  Absorption.  We  have  explained,  under  the  heading  Polariza- 
tion of  Light,  that  when  common  light  passes  through  a  slice  of  tourmaline,  or  a 
crystal  of  herapathite,  the  light  polarized  in  one  plane  is  absorbed,  whilst  that 
polarized  in  the  opposite  plane  is  transmitted. 

Polarization  by  Double  Refraction.    See  Polarization  Plane. 

Polarization,  Circular.     Bee  Circular  Polarization. 

Polarization,  Colored,    See  Colors  produced  by  Circular  Polarization. 

Polarization,  Elliptical.     See  Elliptical  Polarization. 

Polarization,  Magnetic.  See  Circular  Polarization  induced  by  Magnetic 
Action. 

Polarization  Of  Heat.  Heat  is  capable  of  being  polarized  in  the  same  manner 
as  light.  De  la  Prevostage  and  Desains  have  shown  (Annates  de  CJiimie  et  de 
Physique,  t.  27  p.  109)  that  when  a  beam  of  radiant  heat  is  passed  through  a 
rhomb  of  Iceland  spar,  it  is  split  up  into  two  equal  beams,  both  or  which  are  polar- 
ized, the  first  in  the  principal  plane,  the  second  in  a  plane  at  right  angles  to  it 
Heat  may  also  be  polarized  by  reflection,  and,  under  certain  conditions,  by  emission, 
conformably  to  Arago's  discovery  that  incandescent  solids  and  liquids  have  the 
property  of  emitting  light  which  is  more  or  less  polarized.  Mains,  the  discoverer 
of  tne  polarization  of  light  by  reflection,  showed  that  heat  is  capable  of  polarization, 
and  Berard  made  experiments  on  the  subject  as  early  as  1812.  ( memoires  oVA  rceuil, 
vol.  iii.)  Forbes  proved  that  heat  passes  far  more  readily  through  two  plates  of 
tourmaline  cut  parallel  to  the  axis,  than  when  the  axes  are  crossed.  In  the  case  of 
light,  as  is  described  elsewhere,  two  parallel  plates  of  tourmaline  transmit,  while 
crossed  plates  entirely  stop,  an  incident  beam.  This  is  one  of  the  many  analogies 
between  radiant  heat  and  light. 

Polarization  of  the  Sky.  The  light  from  a  clear  sky  is  polarized,  the  maximum 
effect  being  90°  from  the  sun,  consequently  as  the  position  of  the  sun  varies  from 
hour  to  hour,  the  plane  of  maximum  polarization  varies  also.  Upon  this  fact  Sir 
Charles  Wheatstone  has  based  his  ingenious  Polar  Clock,  which  see. 

Polarization,  Partial.  If  a  ray  of  light  falls  upon  a  reflecting  surface  of  glass 
at  any  other  than  the  polarizing  angle,  it  becomes  partially  polarized,  the  amount 
of  polarization  depending  upon  the  nearness  of  the  angle  of  incidence  to  the  polariz- 
ing angle.  Partially  polarized  light  does  not  consist  of  a  mixture  of  fully  polarized 
and  unpolarized  light,  but  the  whole  of  it  has  suffered  a  change  of  properties.  By 
repeated  reflections  from  a  surface  at  an  angle  less  than  the  polarizing  angle,  common 
light  gradually  passes  from  partially  to  completely  polarized  light. 

Polarization  Photometer.  Mr.  Crookes  has  devised  (Proc.  Royal  Society,  1869, 
p.  358)  a  method  of  njeasuring  the  luminous  intensities  of  two  sources  of  light  irre- 
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spective  of  their  color,  a  desideratum  which  other  photometers  will  not  accomplish. 
It  is  necessary  that  neither  light  should  be  at  all  polarized,  and  the  method  then 
becomes  susceptible  of  very  great  accuracy.  It  is  impossible  to  describe  the  instru- 
ment without  drawings,  bat  the  principle  is  as  follows :  Each  beam  of  light  is  split 
into  two,  polarized  in  opposite  directions  (say  vertically  and  horizontally),  by  means 
of  a  doable  image  prism.  The  vertically  polarized  beam  from  one  of  the  lights  is 
then  superposed  on  the  horizontally  polarized  beam  from  the  other  light.  If  the 
two  sources  of  light  were  equal  in  intensity,  their  respective  halves  must  also  be 
equal,  and  being  equal  in  intensity  and  of  opposite  polarizations,  their  superposition 
must  reproduce  a  beam  of  common  light,  polarisation  being  neutralized.  There  will 
therefore  be  no  free  polarized  light  in  this  compound  beam.  If,  however,  the  two 
lights  are  unequal,  the  polarization  of  the  stronger  will  overpower  the  opposite 
polarization  of  the  weaker,  and  the  problem  then  consists  simply  in  measuring  the 
amount  of  polarization  present,  or,  more  simply,  in  altering  the  relative  distances  of 
the  two  lights  from  the  photometer  until  free  polarization  vanishes.  The  standard 
light  devised  by  Mr.  Grookes  for  use  with  this  instrument  is  obtained  from  a  definite 
mixture  of  absolute  alcohol  and  pure  benzol,  burnt  in  a  specially  constructed  lamp, 
having  a  platinum  wick. 

Polarization  Plane.  A  ray  of  ordinary  light  is  supposed  to  be  caused  by  vibra- 
tions of  a  highly  attenuated  medium,  occurring  in  all  directions  across  the  direction 
of  the  ray,  but  a  ray  of  polarized  light  is  caused  by  these  vibrations  occurring  in  one 
plane  only.  Certain  crystals  (Iceland  spar,  for  instance)  possess  the  property  of  double 
refraction,  that  is  to  say,  a  ray  of  common  light  passing  through  them  is  divided  into 
two  polarized  rays,  which  take  slightly  di  fie  rent  directions,  the  plane  of  polarization 
(or  vibration)  of  one  ray  being  at  right  angles  to  that  of  the  plane  of  polarization 
of  the  other  ray.  One  ray  suffers  refraction,  according  to  the  ordinary  law  for  trans- 
parent bodies,  and  this  is  called  the  ordinary  ray,  whilst  the  other,  called  the 
extraordinary  ray,  is  refracted  according  to  a  new  law.  The  ordinary  and  the 
extraordinary  rays  emerge  from  a  prism  of  Iceland  spar  parallel  to  each  other,  and 
to  the  original  direction  of  the  incident  ray.  By  recomoining  the  two  oppositely 
polarized  rays  common  light  is  reproduced.  If  common  light  is  compared  to  a  cylin- 
drical body,  such  as  a  round  ruler,  polarized  light  may  be  compared  to  a  fiat  ribbon. 
In  the  case  of  Iceland  spar  both  polarized  rays  are  transmitted,  but  by  cutting  and 
recementing  the  halves  together  in  a  particular  manner,  the  extraordinary  ray  is 
totally  reflected,  so  that  it  passes  out  of  the  field  of  view,  whilst  the  ordinary  ray 
only  is  transmitted.  This  arrangement  is  called  the  Nicol  prism  (which  see).  This 
is  called  plane  polarization  by  double  refraction.  Some  crystals  possess  the  property 
of  transmitting  only  one  polarized  ray.  The  tourmaline  and  crystals  of  iodo-sulphate 
of  quinine  or  herapathite  are  of  this  character,  they  may  be  compared  to  a  grating  of 
narrow  parallel  bars,  allowing  the  passage  of  only  those  vibrations  which  are  parallel 
to  the  direction  of  the  bars.  From  its  property  a  tourmaline  (and  also  a  Nicol 
prism)  is  called  a  polarizer,  and  if  light  which  has  passed  through  a  polarizer  is 
received  upon  another  polarizer  in  the  same  direction  as  the  former,  it  will  continue 
to  be  transmitted,  but  if  the  second  polarizer  is  at  right  angles  to  the  first,  the  ray 
will  be  stopped  by  it.  For  instance,  a  flat  ruler  will  pass  through  any  number  of 
gratings  parallel  to  its  plane,  but  will  be  stopped  by  one  at  right  angles  to  it.  Light 
may  also  be  polarized  by  reflection  from  a  polished  surface.  The  angle  at  which  the 
light  must  be  incident,  so  as  to  obtain  the  maximum  polarizing  effect,  depends  upon 
the  refractive  index  of  the  reflecting  body,  the  law  being  that  the  polarizing  angle 
is  the  complement  of  the  angle  of  refraction.  The  oppositelypolarized  ray  passes 
through  the  glass,  and  is  said  to  be  polarized-  by  refraction.  The  rays  of  polarized 
light  are  capable  of  interfering  and  producing  color  like  those  of  common  light. 
The  phenomena  of  colored  polarization  are  amongst  the  most  gorgeous  in  the  whole 
domain  of  optics.     (See  Colors  produced  by  Polarization.) 

Polariscope.  An  instrument  for  showing  the  phenomena  of  polarized  light.  It 
consists  essentially  of  a  polarizer  and  an  analyzer,  with  an  arrangement  between  the 
two  for  supporting  the  object  under  examination,  whether  it  be  a  selenite  film,  a 
slice  of  a  crystal,  or  a  piece  of  unannealed  glass.  The  polarizer  for  large  objects  is 
usually  a  plate  of  black  glass  fixed  so  as  to  reflect  light  into  the  instrument  at  the 
proper  polarizing  angle ;  but  for  small  objects  it  may  be  a  Nicol  prism,  a  tourmaline, 
or  a  crystal  of  herapathite.  The  analyzer  which  comes  next  to  the  eye  may  also  be 
either  a  tourmaline,  herapathite,  or  Nicol  prism. 
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Polariaod  Light.  Light  which  has  had  the  property  of  polarization  conferred 
upon  it,  either  by  reflection,  refraction,  or  absorption.  It  may  be  either  plane,  cir- 
cular, or  elliptical  polarized  light.     (See  Polarization  Plane.) 

Polarizer.  A  reflecting  plate  or  transparent  crystal,  by  means  of  which  common 
light  is  converted  into  polarized  light.    (See  Polariscope.) 

Polarizing  Angle.  The  polarizing  angle  of  a  transparent  substance  may  be 
ascertained  by  Sir  David  Brewster's  law,  that  "  the  index  of  refraction  is  the  tangent 
of  the  angle  of  polarization."  The  maximum  polarizing  angles  for  several  sub- 
stances are  as  follows : — 


Water      . 
Glass 

Rock  crystal 
Iceland  spar 
Diamond 


530 11' 
56°  45' 
56°  58' 
58°  51' 
680    i' 


The  following  table  shows  the  number  of  reflections  from  a  surface  of  glass  re- 
quired to  completely  polarize  light  at  angles  above  or  below  the  maximum  polarizing 
angle.    (See  Brewster's  Optics,  p.  173.) 


Xtolow  the  polarizing  angle. 

Abore  the  polarizing  angle. 

No.  of 
Reflections. 

Angle  at  which  the 
light  is  polarised. 

No.  of 
Reflections. 

Angle  at  which  the 
light  is  polarised. 

1 
2 
3 

4 
6 
6 
7 
8 

60°46' 
60    26 
46    SO 
43    61 
41    43 
40      0 
SS    33 
37    20 

1 
2 
3 

4 
6 
6 
7 
8 

66°  4V 
62    SO 

66  S3 

67  S3 

69  1 

70  9 

71  6 
71    61 

Polarizing  Microscope.  In  the  be3t  forms  of  compound  microscope,  a  polarizer, 
generally  a  Nicol's  prism,  is  attached  below  the  stage ;  and  an  analyzer  (another 
Nicol's  prism)  is  fixed  above  the  object  glass,  in  this  manner  forming  a  polariscope 
in  which  any  crystal  or  other  transparent  object  on  the  stage  may  be  examined. 
(See  Polariscope.) 

Pole,  (rfoxof,  a  pivot  or  axis.)  In  astronomy  the  name  given  to  each  of  the  two 
points  in  which  the  imaginary  axis  of  the  celestial  rotation,  or  the  axis  of  the  earth, 
would,  if  produced,  meet  the  sphere  of  the  heavens.  The  term  is  also  used  in  as- 
tronomy, as  in  spherical  trigonometry,  etc.,  to  indicate  the  poles  of  any  great  circle 
of  the  sphere ;  in  other  words,  the  extremities  of  the  line  drawn  at  right  angles  to 
the  plane  of  the  circle  through  its  centre  to  meet  the  sphere.  In  this  sense  astrono- 
mers speak  of  the  poles  of  the  ecliptic,  and  so  on. 

Pole,  Magnetic.    See  Magnetic  Pole. 

Polemoscope.  (rtax*fw>$,  war ;  and  oxonsu,  to  view.)  A  tube  bent  twice  at  right 
angles  with  oblique  reflectors  at  the  angles,  so  arranged  that  an  object  can  be  exam- 
ined without  the  observer  being  seen.  It  is  useful  in  war  for  getting  a  knowledge 
of  the  enemy's  movements,  without  causing  the  observer  to  be  exposed  to  danger. 

Pole,  Negative,  Of  a  Galvanic  Battery.  The  extremity  of  the  battery  which 
becomes  negatively  electrified  before  the  two  extremities  are  joined  by  a  conductor. 
(See  Battery,  Galvanic,  and  Pole,  Positive.) 

Pole,  Positive,  of  a  Galvanic  Battery,  is  the  extremity  of  the  battery  which 
becomes  positively  electrified  before  the  two  extremities  are  joined  by  a  conductor. 
(See  Battery,  Galvanic.)  The  current,  according  to  our  conventional  way  of  speak* 
ing,  passes  through  the  liquid  towards  the  positive  pole,  and  through  the  interpolar 
conductors  from  the  positive  pole. 

Pole,  Unit    See  Unit  Pole. 

Pollux.  The  star  3  of  the  constellation  Gemini  It  is  somewhat  brighter  than 
the  other  twin  star  Castor.    It  is  multiple. 

Poly-chroism.    See  Dichroism. 
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Polygon  Of  Forces.  (xoxvyto**,  many  angled,  and  consequently,  many  sided ; 
ywK*,  ywvca,  an  angle.)  A  principle,  said  to  have  been  discovered  by  Leibnitz,  by 
which  we  may  find  the  resultant  of  any  number  of  forces  (in  one  plane)  acting  upon 
a  point  It  may  be  thus  stated :  If  any  number  of  forces  act  upon  a  point,*  and  a 
polygon  be  described,  having  the  line  representing  one  of  the  forces  for  one  of  its 
sides,  and  the  remaining  sides  successively  parallel  and  equal  to  the  lines  represent- 
ing the  other  forces,  the  line  which  completes  the  polygon  will  represent  the  resultant 
of  the  forces.  The  proposition  is  proved  by  finding  the  resultaut  of  each  pair  of 
forces  by  the  parallelogram  of  forces,  and  then  further  compounding  these  resultants. 
The  single  resultant  which  is  fiually  obtained  is  found  geometrically  to  coincide  with 
the  side  completing  the  polygon.  From  this  it  follows  that  when  a  number  of  forces 
acting  upon  a  particle  can  be  represented  in  magnitude  and  direction  by  the  sides 
of  a  closed  polygon  taken  in  order,  the  forces  are  in  equilibrium.  (See  Parallelo- 
gram of  Forces,  Triangle  of  Forces.) 

Polyzonal  Lens.  Sir  David  Brewster  constructed  a  large  convex  lens  of  flint 
glass  three  feet  in  diameter,  built  up  of  many  zones  and  segments,  the  pieces  being 
each  ground  to  the  proper  curvature,  and  afterwards  cemeuted  together.  Lenses  of 
this  kind  are  now  introduced  into  lighthouses ;  they  have  the  advantage  of  being 
constructed  of  any  diameter ;  and  by  curving  the  different  surfaces  so  as  to  make 
the  foci  of  each  zone  coincide,  the  spherical  aberration  may  be  practically  corrected. 
Lenses  of  this  kind  would  not  be  perfect  enough  for  employment  in  cases  where  the 
formation  and  examination  of  an  image  is  requisite. 

Pontoons.  (Fr.  ponton;  L.  pons,  a  bridge.)  Portable  floating  vessels  for  mak- 
ing military  bridges.     (See  Bridges.) 

Porosity.  (Lat.  porositas,  from  Gr.  *6p<*,  a  passage.)  A  term  used  to  describe 
the  fact  that  in  all  matter  with  which  we  are  acquainted  the  constituent  particles 
are  not  uniformly  and  completely  contiguous  to  one  another,  but  are  separated  by 
intervening  spaces  or  pores.  The  density  of  a  body  bears  an  inverse  ratio  to  its 
porosity  (see  Density) ;  thus  gold  and  platinum,  being  of  great  density,  are  much 
less  porous  than  cork,  or  than  any  liquid  or  gas.  It  was  at  one  time  thought  that 
the  heavy  metals  were  so  dense  as  to  possess  no  pores  whatever ;  and  to  solve  this 
question  an  experiment  was  performed*  at  Florence  in  1661  upon  gold,  one  of  the 
heaviest  snbstances.  A  hollow  sphere  of  gold  was  filled  with  water,  and  securely 
closed.  It  was  then  subjected  to  a  pressure  so  great  as  to  alter  the  form  of  the 
sphere.  Now,  it  may  be  proved  by  geometry  that  a  given  surface  incloses  the 
greatest  possible  space  when  it  is  in  the  form  of  a  sphere.  When  the  experiment 
was  tried,  therefore,  it  was  expected  that  either  the  liquid  would  be  compressed  or  that 
the  vessel  would  burst.  But  a  slight  compression  of  the  liquid  occurred ;  the  porosity 
of  the  gold  was  proved  by  the  appearance  of  the  water  like  dew  on  the  exterior  of 
the  sphere,  no  bursting  or  other  injury  to  the  integrity  of  the  globe  taking  place. 

The  pores  of  bodies  may  be  filled  by  other  substances  whose  particles  are  smaller 
than  the  pores.  Thus,  in  filtration  we  separate  from  liquids  various  solid  particles 
which  are  too  large  to  enter  or  pass  through  the  pores  of  the  filtering  material,  Ruch 
as  paper,  charcoal,  etc. ;  while  the  liquid  will  enter  and  pass  through  them.  When 
the  pores  are  not  filled  with  other  substances  they  are  usually  filled  with  air.  When 
sugar  is  dissolved  in  water  the  air  is  seen  to  rise  to  the  surface  of  the  liquid  in 
bubbles,  and  very  frequently  under  the  receiver  of  an  air-pump  substances  placed  in 
water  may  be  seen  to  give  up  the  air  which  was  contained  in  their  pores,  as  the 
receiver  gradually  becomes  exhausted. 

The  porosity  of  liquids  is  shown  by  an  experiment  such  as  the  following.  A  glass 
instrument  is  taken,  consisting  of  two  connected  bulbs  and  a  tube,  having  a  very 
narrow  neck,  so  that  a  small  decrease  in  bulk  may  be  noted.  A  quantity  of  water 
is  placed  within  the  instrument,  and  it  is  then  filled  up  with  spirit  of  wine ;  after 
agitation,  an  empty  space  will  be  seen  at  the  top  of  the  neck,  showing  that  the  par- 
ticles are  closer  together  than  they  had  previously  been. 

Many  metals  become  more  dense  by  hammering,  and  all  metals  decrease  in  volume 
as  they  are  rendered  colder,  so  that  the  particles  cannot  be  in  complete  contact.  The 
passage  of  gases  through  the  pores  of  metallic  septa  has  recently  afforded  a  fruitful 
field  for  investigation.  (See  Diffusion  of  Oases,  and  the  papers  of  Deville  and 
Troost,  Phil.  Mag.  IV.,  xxvi.  336,  and  Graham.  Phil.  Trans.,  1866.)  Graham's 
conclusions  as  regards  degrees  of  porosity  are  that  "there  appear  to  be  (L)  pores 
through  which  gases  pass  under  pressure,  or  by  capillary  transpiration,  as  in  dry 
34 
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wood  and  many  minerals ;  (2)  pores  through  which  the  gases  do  not  pass  nnder 
pressure,  but  pass  by  their  proper  molecular  movement  of  diffusion,  as  iu  artificial 
graphite ;  and  (3)  poras  through  which  gases  pass  neither  by  capillary  transpiration, 
nor  by  their  proper  diffusive  movement,  but  only  after  liquefaction,  such  as  ue  pores 
of  wrought  metals,  and  the  finest  pores  of  graphite."  See  Density;  Compressi- 
bility; Capillarity, 

Position  Circle.  A  polished  metal  circle  graduated  from  0°  to  360°,  and  some- 
times attached  to  a  micrometer  eye-piece,  the  equatorial  mounting  of  a  telescope,  etc., 
and  generally  wherever  any  portion  ef  an  instrument  has  to  be  rotated,  and  the 
angle  through  which  it  moves  measured.  Applied  to  an  equatorial  telescope  the 
position  circle  on  the  polar  axis  is  called  the  right  ascension  circle  or  hour  circle, 
and  the  one  attached  to  the  telescope  is  called  the  declination  circle,  These  circles 
are  sometimes  many  feet  in  diameter,  and  are  subdivided  to  minutes,  and  with 
Vernier's  may  be  read  to  seconds,  and  even  less.  (See  Hour  Circle;  Declination 
Circle  ;   Vernier .) 

Positive  and  negative  Axis  of  Crystals.  Common  light  falling  on  a  doubly- 
refracting  crystal  in  any  direction  except  along  the  axis,  is  split  up  into  two  polarized 
rays,  the  ordinary  and  the  extraordinary  ray,  which  advance  with  unequal  degrees 
of  velocity,  and  are  refracted  differeutly.  When  the  extraordinary  ray  advances 
more  rapidly,  it  is  refracted  towards  the  axis,  and  the  crystal  is  said  to  have  a  posi- 
tive axis ;  but  when  the  extraordinary  ray  advances  least  rapidly,  it  is  refracted 
from  the  axis,  and  the  crystal  is  said  to  have  a  negative  axis.  Iceland  spar  and 
arragonite  have  negative  axes,  quartz  and  selenite  have  positive  axes.  (See 
Crystals,  Optic  Axes  of ;  Crystals,  Double  Refraction  of.) 

Positive  Eye-piece.  This  eye-piece  is  generally  used  in  telescopes  and  micro- 
scopes, where  it  is  desired  to  use  it  in  conjunction  with  a  micrometer.  It  consists  of 
two  plano-convex  lenses,  the  convex  sides  turned  inwards,  and  their  focal  lengths 
equal.  They  are  placed  at  such  a  distance  apart  that  the  equivalent  focus  falls  a 
little  in  advance  of  the  field  lens,  so  that  the  threads  of  the  micrometer  can  be 
accurately  focussed  without  particles  of  dust,  etc.,  on  the  field-glass  being  visible. 
(See  Eye:piece;  Negative  Eye-piece  ;  Micrometer  Eye-piece.) 

Potash.     See  Potassium. 

Potassium.  A  metallic  element,  compounds  of  which  are  very  widely  diffused. 
It  was  first  obtained  in  the  metallic  state  by  Davy  in  1807,  by  the  electrolysis  of  its 
hydra  ted  oxide.  It  is  a  bluish-white  metal  of  a  pasty  consistency,  and  easily  welded 
when  two  clean  surfaces  are  kneaded  together  between  the  fingers.  Specific  gravity, 
0.865 ;  symbol,  K,  from  Kalium,  a  name  derived  from  the  Arabic  Kali ;  atomic  weight, 
39.1.  It  melts  at  62.5°  C.  (144.5°  R),  ofad  at  a  red  heat  distils,  forming  a  beautiful 
green  vapor.  The  affinity  of  potassium  for  oxygen  is  very  great  A  freshly  cut  sur- 
face instantly  tarnishes  in  the  air,  and  when  a  small  piece  of  the  metal  is  thrown  into 
water  it  decomposes  it,  liberating  the  hydrogen,  and  evolving  so  much  heat  as  to  cause 
the  ignition  of  the  gas.  which  burns  with  a  violet  flame,  whilst  a  globule  of  the  melted 
metal  floats  on  the  surface  of  the  water,  and  the  remaining  globule  of  red-hot  potash 
finally  disappears  with  explosion  as  it  unites  with  the  water.  Heated  with  bodies 
containing  oxygen,  potassium  quickly  decomposes  them.  The  metal  can  only  be  pre- 
served by  covering  it  with  mineral  naphtha — a  hydro-carbon  free  from  oxygen,  and 
sufficiently  light  to  allow  the  potassium  to  sink  in  it.  Potassium  is  obtained  by  heat- 
ing a  mixture  of  carbonate  of  potassium,  carbonate  of  calcium,  aud  carbon,  to  white- 
ness in  an  iron  tube  arranged  as  a  retort.  The  potassium  is  set  free  by  the  carbon, 
which  takes  its  oxygen  forming  carbonic  oxide,  and  distils  over,  and  is  received  in 
vessels  containing  naphtha.  The  compounds  of  potassium  are  numerous,  and  many 
of  them  important.     The  principal  ones  are  as  follows : — 

Potash.  The  hydrated  oxide  ox  hydrate  of  potassium,  frequently  called  caustic 
potash.  Symbol,  %KaO.H,0.,  or  KHO. ;  specific  gravity,  2.1.  It  is  white  and  crys- 
talline, melting  below  a  red  heat  to  a  clear  liquid,  and  volatilizing  at  a  higher  tem- 
perature. Exposed  to  the  air  it  rapidly  absorbs  water,  and  becomes  carbonated.  It 
is  very  soluble  in  water  and  alcohol,  and  its  solution  has  a  powerful  corroding  action 
on  animal  and  vegetable  substances,  on  which  account  it  is  sometimes  used  as  a 
caustic  in  surgery.  Its  solution  is  intensely  alkaline ;  it  turns  litmus-paper  blue,  and 
turmeric  paper  brown.  It  neutralizes  all  acids,  forming,  for  the  most  part,  well- 
defined  and  crystalline  compounds.  (For  a  description  of  the  most  important  of  these 
see  the  names  of  the  acids.)    It  is  of  great  value  in  the  laboratory  as  a  reagent,  both 
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on  account  of  its  powerful  affinity,  in  the  liquid  and  solid  state,  for  carbonic  acid,  and 
also  in  solution  as  a  precipitant  for  heavy  metallic  oxides  from  their  salts. 

Chloride  of  Potassium  (KC1)  is  found  native  at  Stassfurth,  and  is  known  under 
the  mineralogical  name  of  Sylvine.  It  also  occurs  in  sea  water  and  brine  springs. 
It  crystallizes  in  cubes,  which  dissolve  easily  in  water,  but  are  very  slightly  soluble 
in  alcohol.  The  crystals  are  permanent  in  the  air,  taste  somewhat  like  common  salt, 
and  when  heated  decrepitate,  and  melt  at  a  dull  red  heat,  volatilizing  at  a  higher 
temperature. 

Bromide  of  Potassium  (KBr)  forms  brilliant  cubical  crystals,  easily  soluble  in 
water,  decrepitating  and  melting  below  redness. 

Iodide  of  Potassium  (KI).  This  salt  forms  cubical  crystals,  usually  white  and 
opaque.  They  are  permanent  in  the  air,  and  melt  below  a  red  heat.  They  are  very 
soluble  in  water,  and  tolerably  so  in  alcohol.  A  solution  of  iodide  of  potassium  dis- 
solves iodine,  forming  a  deep  brown  solution. 

Fluoride  of  Potassium.  (KFJ.  This  is  a  deliquescent  crystalline  compound, 
very  soluble  in  water,  forming  a  solution  having  an  alkaline  reaction  and  sharp  taste. 
It  forms  double  salts  with  other  fluorides. 

Cyanide  of  Potassium.  (KCy.)  A  compound  of  potassium  .with  the  compound 
radical  cyanogen.  (See  Cyanogen.)  In  the  pure  state  it  forms  cubical  crystals, 
but,  as  usually  met  with,  it  is  a  hard,  white,  opaque  fused  mass,  very  soluble  in  water, 
and  deliquescing  in  the  air.  In  this  state  it  contains  also  cyanate  and  carbonate.  It 
is  much  employed  in  photography. 

Potential,  Electric.  A  term  applied  by  George  Green,  of  Nottingham,  and  much 
used  with  respect  to  the  mathematical  theory  of  electricity.  The  conception  of  the 
potential  is,  however,  by  no  means  confined  in  its  connection  to  electricity ;  it  belongs, 
in  fact,  to  the  theory  of  attraction  generally. 

Sir  William  Thomson  thus  defines  electric  potential  (British  Association  Report, 
1852,  Phil.  Mag.,  1853) :  "  The  potential  at  any  point  in  the  neighborhood  of  or 
within  an  electrified  body,  is  the  quantity  of  work  that  would  be  required  to  bring  a 
unit  of  positive  electricity  from  an  infinite  distance  to  that  point  if  the  given  distribu- 
tion of  electricity  remained  unaltered."  He  also  speaks  of  the  difference  of  electric 
potential  between  any  two  points,  as  the  quantity  of  work  required  to  move  a  unit  of 
electricity  from  one  point  to  thisjther.  Tne  difference  of  potential  between  any  two 
points  is  the  electromotive  force  Tfctween  them.  A  difference  of  electric  potential 
between  two  points  tends  to  produce  a  transference  of  electricity  from  one  of  them  to 
the  other,  .  T£ 

Friction  of  variotift'  boirlies,  the  motion  of  magnets,  chemical  action,  etc.,  alter  the 
potential  of  certain  points,  or  maintain  a  difference  of  potentials  between  them,  which 
gives  rise  to  an  electric  current. 

The  difference  of  electric  potential  between  two  points  is  unity,  if  a  unit  of  me- 
chanical work  is  spent  in  transferring  unit  quantity  of  electricity  from  one  of  the 
points  to  the  other. 

When,  instead  of  a  difference  of  electric  potential  between  two  points,  the  poten- 
tial of  a  point  simply  is  spoken  of,  the  difference  of  potential  between  that  point 
and  the  earth  is  referred  to,  or,  in  fact,  the  electromotive  force  between  that  point 
and  the  earth. 

A  surface  at  every  point  of  which  the  potential  has  the  same  value  is  called  an 

equipotential  surface.     On  such  a  surface  the  attraction  is  at  each  point  normal  to 

the  tangent  plane  at  the  point,  for  there  is  no  change  of  potential  from  point  to  point 

in  any  direction  along  it,  and  therefore  there  is  no  force  in  any  such  direction.     In 

*  any  space  the  lines  of  force  obviously  cut  all  equipotential  surfaces  normally. 

When  a  current  is  passing  through  a  circuit  the  potential  is  different  at  every  point 
along  the  circuit.  Tne  difference  from  point  to  point  depends  upon  the  resistance 
between  the  points  and  the  electromotive  force  of  the  source  of  electricity. 

With  these  few  but  important  definitions  and  explanations,  we  must  refer  the  reader 
to  Thomson  and  Tait's  Treatise  on  Natural  Philosophy,  and  to  the  papers  of  Thom- 
son, British  Association  Report,  1852;  Philosophical  Magazine.  1853;  Proceedings 
of  the  Royal  Society,  1860;  Phil.  Mag.,  1860,  where  full  information,  with  the  state- 
ment and  proof  of  various  important  propositions,  will  be  found. 

Power.  In  mechanics,  any  force  which,  applied  to  a  machine,  tends  to  produce 
motion.  The  mechanical  powers  are  the  six  simple  machines,  namely,  the  /ever,  the 
wheel  and  axle,  the  pulley ,  the  inclined  plane,  the  screw,  and  the  wedge. 
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Praesepe.  (A  beehive.)  In  astronomy,  a  fine  cluster  of  stars  in  the  constellation 
Cancer,  one  of  the  few  known  to  ancient  astronomers. 

Prase.    See  Quartz. 

Precession  of  the  Equinoxes.  A  gradual  change  in  the  position  of  the  nodes  of 
the  earth's  equator  on  the  ecliptic.  Its  nature  is  such  that  the  nodes  of  the  celestial 
equator  on  the  ecliptic — in  other  words,  the  first  points  of  Aries  and  Libra — are  con- 
tinually travelling  along  the  ecliptic  in  a  direction  contrary  to  the  order  of  the  signs. 
The  mean  rate  of  this  motion  is  such  that  a  complete  revolution  of  the  nodes  is  accom- 
plished in  25,856  years.  Thus  the  mean  annual  amount  of  precession  is  50".  10,  and 
the  nodes  shift  one  degree  in  71.6  years. 

The  precession  of  the  equinoxes  was  discovered  bv  Hip  parch  us.     (See  Astronomy.) 

The  physical  cause  of  precession  is  the  action  of  the  sun  and  moon,  and,  in  a  minor 
degree,  of  the  planets,  upon  the  protuberant  equatorial  portion  of  the  earth's  sphe- 
roidal mass.  If  we  consider  any  particle  of  this  protuberant  mass,  we  see  that,  if  free, 
it  would  travel  round  the  earth,  and  that  its  orbit  would  be  liable  to  changes  of  posi- 
tion resembling  in  their  general  character  those  which  affect  the  moon's  orbit.  Now, 
since  this  is  true  of  every  particle,  it  is  clear  that  there  is  a  general  tendency  in  the 
protuberant  mass  to  shin,  as  the  moon's  orbit  does,  that  is,  on  the  whole,  retrogres- 
sively,and  at  such  a  rate  that  a  complete  revolution  of  the  nodes  of  the  equator-plane 
would  be  effected  within  a  moderate  number  of  years.  But  this  tendency  is  resisted 
by  the  cohesion  which  binds  every  particle  of  the  protuberant  mass  to  the  terrestrial 
globe.  This  globe  may  be  regarded  as  a  mass  which  these  particles  are  severally 
endeavoring  to  shift  in  such  sort  that  the  nodes  of  its  equator-plane  shall  move  retro- 
gressively  round  the  plane  of  the  ecliptic.  Now,  this  action  or  the  particle  does  pre- 
vail to  shift  the  earth's  mass  in  this  way ;  but  the  rate  at  which  the  change  takes 
place  is  very  much  slower  than  that  at  which  the  orbit-plane  of  any  particle's  motion 
would  shift.  The  actual  rate  of  change  will  depend  on  the  forces  at  work  to  produce 
the  change,  and  on  the  mass  of  the  earth.  The  sun,  of  course,  exerts  an  influence 
here  precisely  resembling  that  which  he  exerts  on  the  moon's  orbit.  But  the  moon 
also  holds  a  position  with  respect  to  each  of  the  imaginary  particles,  corresponding 
to  that  which  the  sun  holds  with  respect  to  the  moon.  Each  particle  travels  round 
the  earth  in  a  plane  not  coinciding  with  the  plane  of  the  moon's  orbit ;  and  therefore 
the  moon  at  all  times,  except  when  on  the  plane  of  the  equator,  tends  to  modify  the 
position  of  each  particle's  plane  of  motion  precisely  as  the  sun  modifies  the  position 
of  the  moon's. 

Here,  then,  we  have  a  general  explanation  of  what  is  termed  the  luni-solar  preces- 
sion of  the  equinoxes.  But  the  lunar  precession  is  affected  by  a  peculiarity  which 
Rtill  remains  to  be  accounted  for.  We  have  seen  that  the  moon's  action  depends  on 
the  inclination  of  her  orbit  to  the  plane  of  the  earth's  equator.  This  inclination  is 
subject  to  an  oscillatory  change  wnose  period  is  about  nineteen  years.  Hence  also 
there  arises  an  oscillatory  variation  in  the  rate  of  precession,  the  nodes  retrograding 
less  swiftly  than  they  otherwise  would  when  the  moon's  inclination  is  less  than  the 
average,  and  more  swiftly  when  the  moon's  inclination  is  greater  than  the  average. 
But  further,  the  inclination  of  the  earth's  equator-plane  to  the  ecliptic  is  modified  by 
the  moon's  action,  precisely  as  the  inclination  of  tne  moon's  plane  to  the  ecliptic  is 
modified  by  the  sun's  action.  This  change  is,  of  course,  also  oscillatory,  and  has  the 
same  period  as  the  oscillatory  change  in  the  rate  of  precession.  The  combination  of 
these  two  oscillations  causes  a  nutational  motion  of  the  earth's  axis  in  an  elliptic 
cone  round  the  constantly  retrograding  mean  position  of  the  axis,  the  extent  and 
figure  of  the  cone's  elliptic  section  being  such  as  is  described  under  the  head  Nuta- 
tion (q.  v.).  Laplace,  MScanique  Celeste. 

Precipitate.  A  name  applied  in  chemistry  to  a  solid,  which  is  separated  from  a 
solution  in  the  amorphous  or  crystalline  form,  by  the  addition  of  a  reagent  or  expo- 
sure to  heat  or  light.  The  process  of  precipitation  is  largely  used  in  analvtical 
chemistry  aud  in  manufacturing  operations,  as  a  means  of  separating  or  purifying 
chemical  compounds. 

Predictions,  Weather.    Sec  Weather. 

Pressure.  In  statics,  it  is  synonymous  with  force.  Hence  pressure  is  a  force 
counteracted  by  another  force,  so  that  no  motion  is  produced.  When  a  body  is  laid 
on  a  horizontal  table,  its  weight  will  be  counteracted  by  the  resistance  of  the  table ; 
this  resistance  is  a  pressure.  A  pressure  tending  to  compress  the  body  on  which  it 
acts  is  termed  a  thrust  when  applied  from  without,  and  a  reaction  when  called  into 
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existence  by  a  thrust.  When  a  body  is  acted  on  by  two  equal  and  opposite  pressures 
which  tend  to  produce  elongation,  each  is  termed  a  strain  or  tension,  the  former 
term  being  used  when  the  body  is  inflexible,  the  latter  when  it  is  flexible.  Thus  we 
speak  of  the  strain  of  a  tie  beam  and  the  tension  of  a  cord.  For  parallelogram  of 
pressures,  6ee  Parallelogram  of  Forces. 

Pressure  of  Liquids  on  tne  Bottom  of  Vessels.    Since  (Level  Surface  of 

Liquids)  whatever  be  the  size  or  shape  of  the  two  communicating  vessels,  the  liquid 
in  tneni  is  at  rest  when  the  level  of  each  is  the  same,  we  may  suppose  any  surface 
in  the  liquid  at  rest  to  be  the  field  where  two  equal  and  opposite  forces  counterbal- 
ance one  another.  Thus,  let  a  trumpet-shaped  tube  be  bent  in  the  middle  into  a  U 
form.  The  surface  of  the  liquid  which  the  tube  holds  will  be  of  the  same  horizontal 
height  in  both  limbs.  Since  there  is  equilibrium  throughout,  there  must  be  equi- 
librium on  every  plane  surface  of  the  liquid,  consequently  on  the  vertical  plane 
section  of  the  bend  of  the  tube.  On  the  one  side  of  this  plane  we  have  a  liquid 
column,  tapering  as  we  ascend,  on  the  other  an  expanding  column  .of  equal  height. 
Consequently  the  pressure  exerted  on  this  intermediate  plane  does  not  depend  upon 
the  total  quantity  of  liquid  above  it,  but  upon  its  depth  below  the  liquid  Burface. 
Conceive  the  tube  to  be  divided  in  the  middle,  and  bottoms  to  be  supplied  at  both 
ends.  The  resistances  of  these  bottoms  would  bo  equal  to  the  pressures  upon  them, 
and  therefore  equal  to  one  another,  since  the  latter  were  so.  Ilencc  the  pressure  on 
the  bottom  of  a  vessel  containing  a  liquid  varies  with  the  height  of  the  liquid  above 
it.  It  also,  of  course,  varies  with  the  size  of  the  base,  because,  taking  equal  and 
similar  vessels  side  by  side,  the  pressure  on  the  two  bottoms  together  is  twice  that 
on  one ;  and  the  same  must  be  true  when  the  two  neighboring  vessels  arc  joined  into 
one,  having  therefore  a  base  of  double  size.  Consequently,  in  general  terms,  the 
pressure  on  the  bottom  of  a  vessel  containing  a  liquid  is  equal  to  the  weight  of  a 
vertical  cylindrical  column  of  water,  whose  base  is  the  bottom,  and  whose  height  is 
the  depth  of  the  liquid.  This  pressure  also,  of  course,  varies  as  the  density  of  the 
liquid.  A  simple  experimental  proof  of  this  principle  may  be  given  by  taking  a  cyl- 
inder, open  at  both  ends,  placing  a  disk  of  wood  on  theiower  end,  fastening  a  string 
to  the  centre  of  the  wooden  disk,  passing  the  string  up  along  the  axis  of  the  cylinder, 
and  hanging  the  whole  up  by  the  string.  "Whatever  quantity  of  water  may  be  poured 
into  the  cylinder,  no  leakage  occurs,  because,  though  the  weight  of  the  contained 
water  strives  to  push  off  the  disk,  the  tension  of  the  string  increases,  pari  passu,  so 
that  equilibrium  is  maintained. 

Pressure  through  Liquids— Pascal's  Law.    The  parts  of  a  rigid  body  or  solid 

are  60  bound  together  by  cohesion  that  a  pressure  acting  on  one  point  in  any  direc- 
tion will  tend  to  move  the  whole  of  the  solid  in  that  direction.  Other  mechanical 
forces,  such  as  friction,  inertia,  &c,  may  modify  the  direction  in  which  the  parts  of 
the  body  may  move ;  but  unless  rupture  of  the  body  take  place,  the  relative  positions 
of  the  parts  to  one  another  remain  unchanged.  This  is  strictly  true  of  only  abso- 
lutely rigid  solids.  In  elastic  solids  it  is  true  that  such  relative  positions  may  alter; 
but  still,  as  far  as  is  known,  neighboring  particles  remain  neighbors,  whatever  modi- 
fication of  form  the  solid  may  undergo  when  submitted  to  pressure.  The  essential 
mechanical  difference  between  solids  and  liquids  is,  that  while  in  solids  the  cohesion 
is  sufficient  to  maintain  the  relative  position  or  neighborhood  of  the  parts,  that  is, 
the  approximate  shape  of  the  solid,  the  cohesion  of  liquids  is  so  very  much  less,  that 
the  slightest  mechanical  force  sets  in  motion  that  portion  of  the  liquid  mass  on  which 
it  acts,  and  such  a  portion  moves  with  but  little  resistance  among  the  neighboring 
parts.  In  other  words,  there  is  with  liquids  but  little  effort  to  maiutain  local  relative 
position.  When  a  solid  which  is  insoluble  in  a  liquid  is  plunged  into  a  quantity  of 
that  liquid,  the  (upper)  surface  of  which  is  exposed  to  the  air,  the  liquid  must  be 
displaced.  (See  Displacement;  also  Wave.)  The  displaced  portion  pushes  against 
the  neighboring  parts,  and  so  on,  the  result  being  a  lifting  of  the  surface.  If  a  pis- 
ton be  driven  into  a  cylinder  communicating  with  a  vessel  of  liquid — both  vessel  and 
cylinder  being  replete  with  liquid — it  is  found  that  every  equal  area  of  the  vessel's 
surface  is  pressed  outwards  with  equal  force ;  and  that  every  portion  whose  area  is  equal 
to  the  area  of  the  piston  is  pressed  by  a  force  equal  to  the  pressure  applied  to  the 
piston.  Hence  is  deduced  tne  law  known  as  Pascal's  law,  that  "when  «HT  f 
of  the  surface  of  a  confined  " 
surface  of  the  confining  vessel 
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liquid  is  pressed  by  any  force,  every  othe* 
sel  equal  in  area  to  the  first  portion  l 
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est  height  is  found  by  dividing  the  square  *  of  the  vertical  velocity  by  twice  the  ac- 
celeration of  gravity.  The  range  on  a  horizontal  plane  is  found  by  dividing  twice 
the  product  of  the  vertical  and  horizontal  velocities  by  the  acceleration  of  gravity. 
The  range  of  a  projectile  will  be  greatest  when  the  angle  of  projection  is  45°. 

In  this  theory  the  resistance  of  the  air  has  not  been  taken  into  account,  and  this 
resistance  affects  the  motion  so  materially  as  to  render  the  parabolic  theory  nearly 
useless  in  practice.  The  path  inclines  to  the  earth  more  rapidly  than  is  the  case 
with  a  parabola,  hence  the  range  is  much  less.  For  example,  when  the  velocity  is 
about  2000  feet,  the  resistance  of  the  air  is  100  times  the  weight  of  the  ball,  and 
the  greatest  range,  which,  according  to  theory,  should  be  23  miles,  is  less  than  1 
mile.    (See  Gunnery.) 

Prominences,  Colored.  In  total  eclipses  of  the  sun,  strange  projections,  tinted 
of  a  delicate  rose-red,  make  their  appearance.  Some  of  them  extend  as  far  as  80,000 
miles  from  the  surface  of  the  sun.  During  the  total  eclipse  of  August,  1869,  it  was 
discovered  that  these  objects  consist  of  glowing  gas,  principally  hydrogen.  Jansen, 
one  of  the  observers  of  that  eclipse,  discovered,  only  one  day  after,  that  the  spectra 
of  objects  could  be  seen  when  the  sun  is  not  eclipsed.  Two  months  later,  Mr.  Lock- 
yer  independently  made  the  same  discovery.  It  is  even  possible  that,  independently 
of  the  eclipse  observations  of  1868,  Mr.  Ix>ckyer  might  nave  succeeded  in  discover- 
ing the  prominence  spectra,  as  he  had  suggested  the  possibility  of  their  being  seen 
without  an  eclipse.  Dr.  Huggins  soon  after  made  a  more  interesting  and  important 
discovery,  showing  that  the  prominences  themselves  (and  not  their  bright  lines  only) 
can  be  rendered  visible  with  the  spectroscope  (having  an  open  slit). 

Proof  Plane.  (French,  Plan  d'tpreuve.)  An  instrument  invented  and  used  by 
Coulomb  in  his  experimental  researches  on  the  distribution  of  electricity.  It  con- 
sists of  a  very  small  disk  (a  quarter  or  half  an  inch  in  diameter)  of  thin  metal  or 
gilt  paper,  to  one  side  of  which  is  attached,  perpendicular  to  its  plane,  a  fine  stem 
or  handle  of  glass  or  shell-lac.  To  make  use  of  the  proof  plane,  it  is  held  by  the 
insulating  handle  and  applied  to  the  surface  to  be  tested,  and  when  it  is  completely 
in  contact  with  the  surface,  it  forms,  as  it  were,  a  part  of  it,  and  the  electricity 
spreads  over  it.  When  it  is  carric  d  away  to  the  torsion  balance  or  other  testing  in- 
strument, it  carries  away  its  electricity  with  it. 

Coulomb  in  his  sixth  memoir  on  electricity  (Histoire  de  VAcadtmie,  1788),  gives 
the  theory  of  the  proof  plane,  in  which  he  shows  that  the  small  conducting  diRk 
carries  away  with  it  as  much  electricity  as  lies  on  an  element  of  the  surface  to  which 
it  Sis  applied  equal  in  area  to  the  superficial  area  of  the  disk.  It  is  to  be  remarked, 
however,  that  the  actual  quantity  carried  away  is  only  one-half  of  this ;  in  fact  it 
is  the  quantity  which  lies  on  one  of  the  faces  of  the  disk  when  it  is  placed  in  con- 
tact with  the  conducting  surface. 

Propagation  of  Sound.  The  simplest  instance  of  the  formation  of  a  sound  is 
the  sudden  expansion  of  a  little  spherical  mass  of  solid  matter  in  the  midst  of  a 
mass  of  air  at  rest  The  air  will  be  thrust  away  from  the  centre  by  the  expanding 
surface,  and  driven  into  the  space  occupied  by  the  neighboring  air,  before  the  latter 
can  be  set  in  motion.  There  will,  therefore,  be  a  condensation  of  the  air  around 
the  spherical  surface.  But  this  state  cannot  be  permanent.  The  spherical  shell 
of  compressed  air  which  clothes  the  solid  exerts  its  increased  elastic  force  or  tension 
upon  the  neighboring  particles,  forcing  them  together  also  into  a  shell  of  compres- 
sion. But,  in  doing  this,  the  momentum  acquired  by  the  particles  of  the  first  com- 
pressed shell  causes  them  to  separate  farther  than  they  were  originally ;  so  that, 
immediately  behind  (towards  the  centre)  of  the  second  compressed  shell  of  air  there 
is  a  shell  of  rarefied  air  clothing  the  solid.  The  second  shell  of  compressed  air  exerts 
its  elastic  force  to  compress  the  air  in  both  directions,  rarefying  itself  by  its  mo- 
mentum, and  so  on.  It  follows  that  the  effect  will  be  the  propagation  of  one  chief 
shell  of  compression  followed  by  a  chief  wave  of  rarefaction  of  much  less  intensity, 
concentric  with  one  another  and  with  the  solid  sphere.  These  will  be  followed  by 
very  much  more  feeble  similar  conditions  of  compression  and  rarefaction,  due  to  the 
air's  momentum.  It  is,  in  fact,  only  when  such  original  expansion  is  extremely  sud- 
den and  violent,  as  when  a  mass  of  fulminating  powder  explodes,  that  gre  hear  more 
than  a  single  sound.  And  we  may  generally  consider  the  state  of  the  air  brought 
about  by  a  single  expansion  of  a  solid  body  in  it,  as  consisting  of  an  ever-expand- 
ing shell  of  the  condition  of  compression. 

If  the  solid  body,  after  expansion,  immediately  commences  to  contract,  and  con- 
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tracts  to  the  same  extent  as  it  expanded,  there  will  be  formed  around  it  an  envelope 
of  rarefaction,  and,  as  in  the  case  of  the  envelope  of  compression,  this  state  will 
travel  as  an  expanding  shell  of  rarefaction  immediately  following  the  state  of  com- 
pression. If  now  the  solid  sphere  expands  and  contracts  at  regular  intervals  and 
continually,  a  series  of  spherical  shells  of  compression  will  follow  one  another  at 
regular  distances  apart,  and  alternating  with  these  will  be  spherical  shells  of  rare- 
faction also  at  regular  intervals.  So  that  if  we  take  a  plane  elastic  membrane  at 
any  distance  from  the  original  sphere,  and  parallel  to  the  nearest  tangent  plane  of 
the  sphere,  we  shall  find  this  membrane  to  be  subjected  to  a  series  of  alternate 
pushings  and  pullings,  taking  place  as  it  is  subjected  in  succession  to  the  alternate 
conditions  of  tne  travelling  regions  of  compression  and  rarefaction,  it  will  vibrate 
"  synchronously"  with  the  expanding  and  contracting  sphere.  And  so  a  succession 
of  sounds  are  propagated  through  the  air. 

That  some  elastic  medium  is  necessary  for  the  propagation  of  sound,  that  is,  some 
medium  which  recovers  from  a  state  of  abnormal  compression  and  commuuicates  its 
condition  to  the  neighboring  portions,  is  shown  by  supporting  an  alarum  clock  by 
means  of  non-elastic  threads  under  the  receiver  of  an  air-pump  and  withdrawing  all 
the  air.  (See  Air-pump.)  The  bell  which  is  struck  has  now  no  medium  in  which 
to  establish  vibrations,  and  consequently  no  sound  is  heard.  On  admitting  air,  the 
shells  of  expansion  and  contraction  are  established,  and  are  communicated  to  the 
glass  of  the  receiver  ;  they  are  transmitted  through  this  to  the  surrounding  air. 

Proper  Motions  of  the  Stan.  Although  the  stars  seem  to  maintain  year  after 
year  and  century  after  century  the  same  relative  positions,  there  are  in  reality  mi- 
nute apparent  changes  of  position  which  correspond  to  enormously  rapid  real  mo- 
tions. We  owe  to  Halley  the  first  recognition  of  this  important  fact.  He  noticed 
that  the  three  bright  stars,  Sirius,  Aldebaran,  and  Arcturus,  had  not  the  same  posi- 
tions on  the  heavens  that  Ptolemy  assigned  to  them  (following  observations  made 
by  Hipparchu8, 130  years  B.C.).  The  change  of  place  in  the  interval  was  considera- 
ble, the  change  in  latitude  alone  being  in  each  case  greater  than  the  moon's  apparent 
diameter.  Sir  John  Herschel  remarks  on  this,  that  "  &  priori,  it  might  be  expected 
that  apparent  motions  of  some  kind  or  other  should  be  detected  among  so  great  a 
multitude  of  individuals  scattered  through  space  and  with  nothing  to  keep  them 
fixed.  Their  mutual  attractions  even,  however  inconceivably  enfeebled  by  distance, 
and  counteracted  by  opposing  attractions  from  opposite  quarters,  must  in  the  lapse 
of  ages  produce  some  movement,  some  change  of  internal  arrangement,  resulting 
from  the  difference  of  the  opposing  actions."  Such  motions  have  been  placed  be- 
yond a  doubt  by  the  comparison  of  the  observations  made  in  recent  times  with  those 
made  many  years  ago.  in  many  instances  the  difference  in  the  observed  place  of  a 
star  is  so  small,  even  after  a  long  interval,  that  no  reliance  can  be  placed  upon  the 
resulting  apparent  proper  motion.  And  where  the  interval  is  not  sufficiently  long, 
there  can  be  no  douot  that  minute  errors  of  observation  have  sufficed  to  give  an 
appearance  of  motion  where  there  has  been  in  reality  no  change  of  place.  Indeed, 
no  surer  test  can  be  applied  to  the  correctness  of  a  new  star  catalogue  than  the  ex- 
amination of  its  adequacy  to  diminish  the  proper  motions  calculated  from  preceding 
catalogues.  Still  there  can  be  no  doubt  whatever  that  in  a  large  number  of  in- 
stances proper  motions  really  exist.  Perhaps  the  most  satisfactory  tables  of  proper 
motions  yet  formed  are  those  contained  in  the  Royal  Astronomical  Society's  Me- 
moirs, vols.  xix.  and  xxviii.  They  have  been  prepared  by  the  Rev.  Robert  Main, 
by  comparing  the  Greenwich  star-catalogues  with  Bradley's  observations  recorded 
in  Bessel's  Fundamenta  Astronomice.  Mr.  Stone  has  added  a  list  of  460  stars 
from  the  same  sources,  which  appears  in  the  33d  volume  of  the  Memoirs  of  the 
Royal  Astronomical  Society. 

The  present  writer  has  exhibited  reasons  for  believing  that  in  the  observed  proper 
motions  of  the  stars  we  have  a  powerful  means  of  attacking  many  problems  of  great 
interest  and  importance  in  sidereal  astronomy.  In  the  29th  volume  of  the  Notices 
of  the  Astronomical  Society  he  has  called  attention  to  some  results  which  seem  to 
have  an  important  bearing  on  our  ideas  respecting  the  distribution  of  the  stars. 
Although  in  any  individual  instance  the  amount  of  a  star's  apparent  proper  motion 
cannot  be  supposed  to  indicate  the  relative  rate  at  which  that  star  is  traversing 
space,  and  cannot  therefore  be  taken  as  a  means  of  estimating  the  star's  distance,  yet 
tnere  can  be  no  doubt  that  in  taking  the  average  proper  motion  of  a  set  of  stars, 
(say  all  the  stars  in  a  particular  constellation,  or  all  the  stars  of  a  given  magnitude), 
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we  obtain  a  fair  means  of  estimating  the  average  distance  of  that  set  of  stars.  For 
on  the  average,  and  neglecting  individual  exceptions,  the  more  distant  stars  will  ex- 
hibit proportionately  small  apparent  proper  motions.  If  we  wish  to  apply  this  method 
satisfactorily  we  must  be  careful  to  include  a  sufficiently  large  number  of  stars.  When 
this  is  done  the  results  may  be  accepted  with  some  confidence.  We  may,  for  ex- 
ample,  apply  this  method  to  determine  whether  the  usual  estimate  of  the  distances 
of  the  fainter  orders  of  lucid  stars  is  correct.  The  writer  has  made  this  calculation, 
dividing  the  stars  into  two  sets,  the  first  including  stars  of  the  first  three  magnitudes, 
the  second  those  of  the  next  three,  and  taking  the  average  for  each  set  (the  square 
root  of  the  mean  of  the  sum  of  squares)  the  strange  result  is  obtained,  that  the  aver- 
age amount  of  proper  motion  for  the  three  brighter  orders  is  not  greater  thanjand 
barely  equals)  the  average  for  the  three  fainter  orders  of  the  lucid  stars.  There 
seems  no  way  of  avoidimg  the  conclusion  that  by  far  the  larger  number  of  the  fainter 
stars  owe  their  faintness,  not  to  vastness  of  distance,  but  to  real  relative  minuteness. 

It  had  been  already  noticed  by  Mr.  Dunkin  that  when  the  effects  of  the  sun's  as- 
sumed motion  are  deducted  from  the  apparent  motions  of  the  stars,  on  the  assumption 
that  the  various  orders  of  lucid  stars  lie  at  the  distances  assigned  them  by  accepted 
theories,  instead  of  an  important  diminution  of  the  sum  of  squares,  only  a  minute 
fraction  of  that  sum  is  removed.  (See  Proper  Motion  of  the  Sun.)  Thus  the  sum 
of  the  squares  of  motions  in  R.  A.  uncorrected  for  the  proper  motion  of  the  sun  is, 
for  the  1167  stars  considered  in  the  inquiry  by  Airy  and  Dunkin,  78.7583,  while  the 
corrected  sum  is  75.5831 ;  in  like  manner,  the  uncorrected  sum  for  motions  in  N.  P. 
D.  is  63.2668,  the  corrected  sum  being  60.9084.  Commenting  on  this,  Sir  John  Her- 
schel  remarks,  "  No  one  need  be  surprised  at  this.  If  the  sun  move  in  space,  why 
not  also  the  stars  ?  and  if  so,  it  would  be  manifestly  absurd  to  expect  that  any  move- 
ment could  be  assigned  to  the  sun  by  any  system  of  calculation  which  would  account 
for  more  than  a  very  small  portion  of  the  totality  of  the  observed  displacements. 
But  what  is  indeed  astonishing  in  the  whole  affair,  is,  that  among  all  this  chaotic 
heap  of  miscellaneous  movement,  among  all  this  drift  of  cosmical  atoms,  of  the  laws 
of  whose  motions  we  know  absolutely  nothing,  it  should  be  possible  to  place  the 
finger  on  one  small  portion  of  the  sum  total,  to  all  appearance  indistinguishably 
mixed  up  with  the  rest,  and  to  declare  with  full  assurance  that  this  particular  por- 
tion of  the  whole  is  due  to  the  proper  motion  of  our  own  system."  There  is,  how- 
ever, a  flaw  in  the  reasoning  here,  though  the  conclusion  is  not  the  less  just  Sir 
John  Herschel  has  omitted  to  notice  that  the  mere  number  of  the  stars  dealt  with 
in  solving  the  problem  of  the  sun's  motion  can  have  no  effect  in  diminishing  the  rela- 
tive amount  of  the  correction.  For  the  sun's  proper  motion  affects  the  apparent 
motion  of  every  one  of  the  stars  so  dealt  with,  so  that  the  correction  should  grow 
pari  passu  with  the  number  of  stars  dealt  with.  In  fact,  it  is  demonstrable — as  the 
present  writer  has  shown — that,  let  the  number  of  stars  be  what  it  may,  the  value 
of  the  correction  should  be  equal  to  half  the  uncorrected  sum,  if  only  the  stellar  mo- 
tions be  not  on  the  average  greater  than  the  sun's,  and  if,  further,  the  estimate  of  the 
distances  of  the  several  orders  of  stars  be  correct.  The  larger  the  number  of  stars 
the  more  nearly  (by  a  well-known  law  of  probability)  should  the  correction  approach 
this  theoretical  value.  The  fact  that  the  correction  falls  so  far  short  of  this  estimate 
proves  that  either  the  sun's  proper  motion  falls  Bhort  of  the  average  proper  motions 
of  the  stars,  or  that  the  distances  of  the  larger  number  of  the  stars  dealt  with  (that 
is,  the  distances  of  stars  of  the  lower  orders  of  magnitude)  have  been  over-estimated. 
Mr.  Stone  has  shown  reasons  for  believing  that  the  sun's  proper  motion  may  be  held 
to  be  about  three-fourths  of  the  average  proper  motions  or  the  stars.  And  since 
this  result  would  only  account  for  a  small  proportion  of  the  discrepancy,  it  may  be 
accepted  as  certain  tnat  the  stars  of  the  lower  orders  of  apparent  magnitude  are  not 
for  the  most  part  so  far  off  as  has  been  supposed ;  in  other  words,  that  they  are  for 
the  most  part  really  smaller  than  the  brighter  orbs.  We  have  seen  that  this  result 
is  pointed  to,  also,  when  the  proper  motions  are  considered  in  a  different  way. 

The  present  writer  has  also  detected  the  existence  of  a  community  of  motion 
among  the  stars  in  certain  parts  of  the  heavens,  a  phenomenon  which  he  denominates 
"  star-drift."  If  it  should  be  established  by  corroborative  evidence  that  this  com- 
munity of  apparent  motion  implies  a  real  community  of  motion  in  the  stars  forming 
particular  groups,  it  wilj  become  possible  to  estimate  the  relative  distances  of  such 
stars  by  comparing  their  relative  apparent  motions.  The  problem  would  be,  in  fact, 
merely  one  of  perspective.    If,  further,  the  absolute  distance  of  the  nearest  star  of 
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the  system  could  be  determined,  the  absolute  distances  of  all  the  known  stars  of  the 
system  could  thus  be  determinable. 

It  is  possible  that  before  long  spectroscopic  analysis,  already  successfully  applied 
by  Mr.  Huggins  to  determine  the  "  proper  motion  of  recess"  of  the  bright  star  Sirius, 
will  in  the  same  able  hands  give  information  respecting  the  proper  motions  of  recess 
or  approach  of  many  of  the  lucid  stars.  This  would  at  once  enable  a  crucial  test  to 
be  applied  to  the  theory  of  "  star-drift." 

Proper  Motion  of  the  Sun.  Since  the  stars  are  observed  to  be  slowly  changing 
their  ]K>sition  on  the  celestial  sphere,  it  will  be  regarded  as  highly  probable,  on  & 
priori  considerations,  that  the  sun  is  also  in  motion.  For  the  sun  is  a  member  of 
the  sidereal  system,  and  we  can  conceive  no  reason  why  he  alone  should  be  exempt 
from  the  law  to  which  all  his  fellows  are  subject.  Now  if  all  the  stars  were  at  rest 
and  the  sun  alone  in  motion,  every  star  would  seem  to  move  towards  the  point  in 
space  from  which  the  sun  is  moving.  The  apparent  motions  of  stars  near  that  point 
and  the  point  directly  opposite  to  it  would  I>e  minute,  while  the  stars  on  a  ^reat 
circle  of  the  sphere  having  these  points  as  poles  would  seem  to  move  more  quickly 
than  the  rest  (easterns  paribus,  that  is,  leaving  differences  of  distance  out  of  consid- 
eration). But  as  it  is  utterly  improbable  that  the  sun  alone  of  all  the  members  of 
the  sidereal  system  is  in  motion ;  and  as,  indeed,  the  character  of  the  stellar  motions 
suffices  to  prove  that  no  motion  we  can  assign  to  the  sun  will  possibly  account  for  all 
or  even  for  a  large  part  of  them,  it  follows  that  all  we  can  hope  to  recognize  as  a 
sign  of  the  sun's  motion  is  a  general  preponderance  of  stellar  motion  in  one  direction. 
The  problem,  though  difficult,  has  been  attacked  successfully  by  astronomers.  Sir 
Wm.  Uerechel  in  1783,  by  considering  the  apparent  motions  of  the  few  stars  which 
had  been  sufficiently  observed  in  his  day,  arrived  at  the  conclusion  that  the  solar  sys- 
tem is  travelling  towards  the  neighborhood  of  the  star  x  in  the  constellation  Her- 
cules. Prevost  in  the  same  year  arrived  at  a  similar  conclusion,  but  his  researches 
led  to  a  point  some  27°  in  right  ascension  from  that  determined  by  Sir  Wm.  Herschel. 
Since  then  the  subject  has  been  studied  very  carefully  by  many  eminent  astronomers, 
by  Argelander,  Luhndahl,  O.  Struve,  Madler,  and,  finally,  by  Airy  and  Dunkin,  of 
the  Greenwich  Observatory.  The  methods  adopted  have  been  various.  Sir  Wm. 
Herschel  had  simply  carried  great  circles  of  the  sphere  through  the  stars  he  selected, 
and  in  the  direction  of  their  proper  motion,  and  he  determined  the  apex  of  the  solar 
motion  by  the  approach  of  all  these  circles  to  a  common  point  of  intersection.  Some 
astronomers,  in  applying  calculations  to  the  problem,  have  classed  the  distances  of 
the  stars  according  to  their  magnitudes,  while  others  have  considered  the  magnitude 
of  the  stellar  motions  as  the  most  satisfactory  proof  of  relative  nearness.  The  plan 
devised  by  Mr.  Airy  and  carried  out  at  his  suggestion  by  Mr.  Dunkin,  consists  in  as- 
signing to  the  sun  such  a  direction  and  amount  of  motion  in  space  as  will  account  for 
the  greatest  possible  proportion  of  the  stellar  proper  motions.  This  plan  has  been 
carried  out  according  to  two  distinct  hypotheses  respecting  the  proportion  of  appa- 
rent motion  which  may  be  due  to  errors  of  observation.  The  results  obtained  on 
these  hypotheses  are  in  tolerable  close  accordance  considering  the  nature  of  the 
problem.  According  to  one,  the  apex  of  the  solar  motion  lies  in  R.  A.  261°  14',  and 
N.  P.  D.  57°  51',  the  sun's  motion  being  such  in  amount  that,  viewed  from  a  dis- 
tance equal  to  that  assigned  to  stars  of  the  first  magnitude  he  could  traverse  0.3346" 
annually ;  according  to  the  other,  his  annual  motion,  so  viewed,  would  be  0.4103", 
and  directed  towards  a  point  lying  in  R.  A.  263°  44',  and  in  N.  P.  D.  65°  0'.  It 
may  be  added  that  Mr.  Galloway,  by  considering  the  motions  of  southern  stars,  has 
arrived  at  a  result  closely  according  with  that  deduced  from  the  motions  of  northern 
stars. 

A  general  notion  of  the  character  of  the  motion  of  the  sun  in  space  may  be 
obtained  by  considering  it  as  taking  place  in  a  direction  inclined  about  60°  to  the 
plane  of  the  ecliptic,  and  with  a  velocity  such  that  the  sun  traverses  in  a  year  a 
space  equal  to  about  jths  of  the  diameter  of  the  earth's  orbit 

Prussian  Blue.  A  valuable  pigment  prepared  by  adding  a  solution  of  ferro- 
cyanide  of  potassium  to  excess  of  a  per-salt  of  iron  :  it  is  an  insoluble  dark  blue  pre- 
cipitate which  has  a  coppery  lustre  when  in  lumps.  On  the  large  scale,  it  is 
frequently  prepared  by  processes  which  yield  an  impure  product  of  an  inferior  color. 
Its  composition  is  that  or  nhydrated  per-ferro-cyanide  of  iron  (Fc4(FeCy6)v18H-0). 

Ptolemaic  System.  The  system  of  astronomy  by  which  Ptolemy  endeavored  to 
account  for  the  celestial  motions,  on  the  hypothesis  that  the  earth  is  the  fixed  centre 
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of  the  universe.  Accounting  for  the  diurnal  motion  of  the  celestial  bodies  by  tho 
rotation  of  a  vast  Bphere — the  primum  mobile — carrying  all  these  objects  with  it, 
and  for  the  annual  motion  of  the  son  and  the  monthly  motion  of  the  moon,  by  assum- 
ing these  bodies  to  travel  in  eccentric  circles  around  the  earth,  Ptolemy  had  lo 
explain  further  the  looped  paths  of  the  plaueta,  their  progressions,  stations,  and 
retrogradations.  To  effect  this,  he  supposed  that  each  planet  moved  in  a  circular 
path  termed  its  epicycle,  around  a  fixed  point,  and  that  this  point  itself  travelled  in 
an  eccentric  (circle)  around  the  sun,  all  motions  in  each  order  of  circle  being  described 
uniformly. 

As  observational  astronomy  advanced,  new  contrivances  had  to  be  introduced, 
until  at  length  the  Ptolemaic  system  became  very  cumbrous.  It  need  hardly  be 
said  that  no  amount  of  cyclic  or  epicyclic  combinations -could  account  for  the  motions 
of  the  planets  as  at  present  known. 

Ptyalin.  The  active  principle  of  the  saliva,  a  nitrogenous  substance  which 
converts  insoluble  starch  into  glucose.     (See  Animal  Jfutrtt ion.) 

Pulley.  One  of  the  simple  machines.  It  consists  of  a  circular  disk  of  metal  or 
wood  capable  of  turning  about  an  axis  passing  through  its  centre  (Fig.  103).  Usu- 
ally a  groove  is  cut  in  the  disk  to  keep  a  cord,  which  passes  over  the  pulley,  from 
slipping  off.  The  pulley  may  be  considered  as  a  lever  with  equal  arms,  so  that  the 
forces  at  the  extremities  of  the  cord,  which  passes  over  the  pulley,  must  be  equal  in 


Fig.  103. 


Pig.  104. 


Fig.  106. 


order  that  there  may  be  equilibrium.    A  pulley,  the  axis  of  which  is  fixed  in  space, 
is  termed  a  fixed  pulley,  and  serves  the  purpose  only  of  changing  the  direction  of  the 

Siwer.     If  the  axis  be  movable,  the  pulley  is  termed  a  movable  pulley  (Pig.  104). 
y  combining  several  movable  pulleys  a  mechanical  advantage  may  be  obtained 
depending  on  the  number  of  pulleys  and  the  mode  of  combination  (Figs.  105  and  lOli). 
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The  mechanical  advantage  of  any  arrangement  of  pulleys  may  be  readily  determined 
by  the  principle  of  virtual  velocities.  When  several  movable  pulleys  are  placed  in 
the  same  block  or  sheave  so  that  the  same  cord  passes  round  all,  and  the  parts  of 
the  cord  are  parallel,  the  power  may  be  found  by  dividing  the  weight  by  the  number 
of  parts  of  the  string  which  reach  the  lower  block.  Suppose,  for  example,  there  is 
one  movable  pulley,  then  there  will  be  two  parts  of  the  cord  supporting  it,  so  that 
if  the  weight  be  raised  one  foot,  both- parts  will  be  shortened  by  a  foot,  and  conse- 
quently the  power  must  descend  through  two  feet,  or  if  the  weight  be  raised  by  hand, 
two  feet  of  cord  must  pass  through  the  hand.  The  power  is,  therefore,  half  the 
weight.  By  a  similar  method  it  may  be  generally  established  that  when  there  is 
equilibrium  the  power  is  to  the  weight  as  1  is  to  twice  the  number  of  pulleys.  A 
much  greater  mechanical  advantage  would  be  obtained  by  using  a  system  in  which 
the  pulley 8  are  separate  and  have  separate  strings,  each  string  being  attached  by 
one  extremity  to  tne  supporting  beam,  passing  round  one  movable  pulley,  and  having 
the  other  extremity  fixea  to  the  pulley  immediately  above  it.  The  power  is  applied 
to  the  cord  which  passes  round  the  upper  pulley.  Another  arrangement  consists  of 
separate  pulleys  suspended  bv  separate  strings,  one  extremity  of  each  string  being 
attached  to  the  weight,  but  both  this  and  the  preceding  combination  are  of  little 
practical  use.  In  the  common  arrangements  all  the  movable  pulleys  are  in  one 
block.  The  most  powerful  combination  is  Smeaton's  tackle,  in  which  each  block 
contains  two  rows  of  five  wheels  each,  and  one  string  passes  round  all,  commencing 
with  the  centre  one  of  the  lower  block,  and  finishing  with  the  middle  wheel  of  the  upper. 

Pumps.    See  Suction  Pump  /  Forcing  Pump. 

Puna  Winds.  Cold  and  remarkably  dry  winds  which  blow  from  the  Cordilleras 
across  the  table  land  called  Puna,  to  the  east  of  Arequipa  in  Peru. 

Pupil.  (Pupilla.)  The  central,  intensely  black  portion  of  the  human  eye.  It  is 
simply  a  circular  aperture  in  the  iris,  through  which  the  black  interior  of  the  eye  is 
visiole.    (See  Eye.) 

Putrefaction.  (Putridus,  rotten ;  and  facio,  to  make.)  The  decomposition  of 
nitrogenous  animal  and  vegetable  substances  under  the  influence  of  atmospheric 
oxygen  and  a  suitable  temperature.  Putrefaction  is  supposed  to  be  induced  by  the 
presence  of  minute  germs  floating  in  the  atmosphere,  rrofessor  Huxley,  President 
of  the  British  Association,  in  his  opening  address  at  Liverpool  in  September  1870, 
entered  into  full  details  respecting  this  obscure  action  of  atmospheric  germs.  Dr. 
Angus  Smith  and  Professor  Tyndall  have  also  published  much  on  this  subject. 

Pyrheliometer.  (*vp,  fire ;  rjxiof,  the  sun ;  p*rp*ta,  to  measure.)  An  instrument 
devised  by  M.  Pouillet  for  measuring  the  intensity  of  the  heat  of  the  sun.  It  con- 
sists of  a  shallow  circular  vessel  of  silver  containing  water  or  mercury  in  which  a 
thermometer  is  plunged.  The  upper  surface  of  the  vessel  is  covered  with  lamp-black, 
so  as  to  render  it  a  good  absorber  of  heat,  and  the  thermometer  enters  its  under 
surface,  and  thus  extends  below  it.  An  arrangement  is  made  for  causing  the  rays 
of  the  sun  to  fall  perpendicularly  upon  the  surface  of  the  vessel.  An  observation 
with  this  instrument  is  made  in  the  following  manner : — When  the  water  in  which 
the  thermometer  is  plunged  possesses  the  exact  temperature  of  the  surrounding 
atmosphere,  the  instrument  is  placed  in  the  shade  and  allowed  to  radiate  its  heat 
against  a  clear  sky  for  five  minutes.  The  loss  of  heat  is  noted,  and  we  may  call 
tills  r.  The  blackened  surface  is  now  exposed  to  the  full  rays  of  the  sun  for  five 
minutes,  and  the  rise  of  temperature  of  the  water,  as  shown  by  the  immersed  ther- 
mometer, is  noted ;  we  will  call  this  R.  The  instrument  is  finally  again  placed  in 
the  shade,  and  allowed  to  radiate  its  heat  into  a  clear  sky  for  five  minutes :  this  loss 
may  be  called  r'.  It  is  not  sufficient  to  simply  expose  the  pyrheliometer  to  the  sun 
and  then  note  the  rise  of  temperature,  because  the  instrument  is  radiating  heat  into 
space  during  its  exposure  to  the  direct  rays  of  the  sun,  and  a  portion  of  the  heat 
received  from  the  sun  is  thus  wasted.  Hence  the  total  heating  effect  is  obtained  by 
adding  the  amount  thus  lost  to  the  amount  directly  acquired  from  the  sun.  As  r 
represents  the  heat  lost  by  radiation  by  the  instrument  before  exposure  to  the  sun, 
and  r*  the  amount  lost  after  the  exposure,  the  amount  lost  during  the  exposure  may 

be  considered  the  mean  of  the  two  or— _  ,  and  the  entire  heating  effect  of  the  sun 
H  will  therefore  be  represented  by 
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The  actual  amount  of  heat  absorbed  by  the  instrument  is  calculated  by  ordinary 
calorimetrical  means ;  the  area  of  the  exposed  blackened  surface  iB  known,  and  the 
amount  of  water  which  has  been  raised  through  a  certain  number  of  thermometric 
degrees  is  known,  and  thus  the  absolute  heating  effect  of  the  sun  acting  upon  a  given 
area  under  the  conditions  of  the  experiment  can  be  readily  found.  Pouillet  used 
about  1500  grains  weight  of  water  for  his  experiments.  His  results  hare  been 
described  elsewhere.  (See  Heat,  Sources  of;  Solar  Heat.)  Experiments  on  the 
same  subject  were  made  by  De  Saussure,  Sir  John  Herschel,  and  Professor  Forbes. 
The  first  instrument  for  the  purpose  was  devised  by  De  Saussure,  and  in  1825  Her- 
schel invented  his  Actinometer,  which  see. 

Pyrites.  A  name  used  in  mineralogy  to  denote  several  metallic  sulphides.  Thus 
there  are  copper  pyrites  (C,S.Fe*38),  tron  pyrites  (FeS,),  magnetic  pyrites  (Fe7SA 
tin  pyrites  (Cu,S.(SnS8FeaS,J),  arsenical  pyritest  or  mispickel  (FeAsSrFeSj, 
variegated  pyrites  (FeS.2Cx,S). 

Pyrites,  Iron.    See  Iron,  Sulphides, 

PyTO-Electricity.  A  name  given  to  electricity  produced  by  heating  or  cooling 
certain  crystals.  The  subject,  though  it  has  attracted  much  attention,  still  remains 
very  obscure.  The  phenomenon  is  this :  Certain  crystals,  among  which  are  tour- 
maline, boracite,  topaz,  aximite,  prehnite,  etc.,  on  being  heated  exhibit  electric 
excitement.  Thus  a  crystal  of  tourmaline  becomes  positively  electrified  at  one 
extremity  and  negatively  at  the  other.  In  boracite  some  of  the  faces  are  electrified 
positively  and  some  negatively.  If  a  tourmaline  thus  electrified  be  kept  hot  it  soon 
loses  this  electric  polarity  and  resumes  its  natural  condition;  and  if  it  then  be 
allowed  to  cool,  that  end  which  formerly  was  positive  becomes  negative,  and  vice 
versa.  The  conditions  under  which  electric  excitement  of  this  kind  takes  place  have 
been  investigated  by  JSpinus,  Canton  and  Hatty. 

PyrogalllO  Acid.  A  product  of  the  action  of  heat  on  gallic  acid.  It  crystallises 
in  long  white  needles,  very  soluble  in  water,  and  having  the  composition  C6H6Or  It 
acts  as  a  powerful  reducing  agent,  and  is  much  used  iu  photography. 

Pyrolignite  of  Iron.    See  Acetates  ;  Acetate  of  Iron. 

Pyroligneous  Acid.    See  A  cetic  A  cid. 

Pyrolusite.     See  Manganese  Oxide. 

Pyrometer,  (*i>f>,  fire ;  f«rpiw,  to  measure.)  The  mercurial  thermometer  is  neces- 
sarily limited  in  its  indications  to  the  temperature  at  which  mercury  boils  (350°  0., 
or  662°F.),  because  at  that  temperature  the  vapor  of  mercury  would  be  formed,  and 
its  pressure  would  burst  the  thermometer.  Pyrometers  are  instruments  which  are 
used  to  measure  high  temperatures,  and  although  several  forms  of  this  instrument 
have  been  devised,  it  cannot  be  said  that  any  one  possesses  accuracy.  The  most 
accurate  determinations  of  high  temperature  which  have  yet  been  made  are  due  to 
Regnault,  Deville  and  Troost,  and  Pouillet,  and  were  either  made  by  means  of  an 
air  thermometer,  or  by  some  form  of  gas  thermometer  (or  pyrometer),  in  which  vapor 
of  mercury  or  vapor  of  iodine  was  emploved.  (Sec  Air  Thermometer.)  By  means 
of  an  air  pyrometer,  Pouillet  determined  the  following  temperatures,  which  correspond 
to  the  various  degrees  of  incandescence  which  a  metal  passes  through,  when  placed 
in  a  furnace : — 

Incipient  red  heat 525°  C.,  or    977°F. 

Dull  red 700  "  1292 

Cherry  red 900  "  1652 

Dark  orange 1100  "  2012 

White 1300  "  2552 

Dazzling  White 1500  "  2732 

Of  the  old  forms  of  pyrometer  the  principal  are  those  devised  by  Wedgwood, 
Daniell,  and  Brongniart,  but  the  inaccuracy  of  these  instruments  has  quite  prevented 
their  employment,  except  for  the  indication  of  roughly  approximate  temperatures  in 
the  arts,  as  in  glass  or  porcelain  furnaces.  Wedgwood's  pyrometer  depends  on  the 
fact  that  dry  clay  when  exposed  to  high  temoeratures  contracts  uniformly,  and,  by 
measuring  this  contraction,  it  was  imagined  that  the  heat  which  had  prodnced  it 
might  also  be  measured;  the  instrument  was  found,  however,  to  be  altogether 
untrustworthy.  This  pyrometer  was  invented  in  1782.  About  twenty  years  later, 
Guyton  de  Morveau  devised  a  pyrometer  in  which  the  temperature  was  measured  by 
the  expansion  of  platinum,  iudicated  by  a  multiplying  index.    A  similar  instrument 
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was  used  by  Brongniart  for  determining  the  temperature  of  the  furnaces  in  the 
porcelain  manufactory  at  Sevres.  He  employed  a  rod  of  iron  or  platinum  which  was 
fixed  at  one  end,  while  the  other  pressed  against  a  lever,  serving  as  an  index.  The 
rod  was  inclosed  in  a  tube  of  porcelain.  Professor  Daniell  also  used  a  bar  of  plati- 
num, and  inclosed  it  in  a  tube  of  plumbago.  Several  forms  of  electric  pyrometer 
I based  on  the  formation  of  a  thermo-electric  current,  when  two  dissimilar  metals  are 
eated  at  their  juncture),  have  been  proposed  by  Pouillct  and  Becquerel.  The  latter 
has  also  proposed  to  determine  high  temperatures  by  measuring  the  intensity  of  the 
light  emitted  by  the  heated  body ;  and  by  such  means  he  estimates  the  fusing  point 
of  platinum  at  1600°  C.  (2912<5  R),  and  the  heat  of  the  voltaic  arc  at  2070°  C. 
(3758°  P.).  (Bee  also  Temperature  ;  Air  Thermometer.) 
Pyroxylin.    See  Gun  Cotton. 


Q 

Quadrant.  ( Quadrans,  a  fourth  part.)  An  instrument  formerly  much  used  in 
astronomy,  especially  for  determining  altitudes.  (Fig.  107.)  The  difficulty  of  con- 
structing a  true  quadrant,  and  the  fact 


Fig.  107. 


that  there  are  no  ready  means  for  cor* 
recting  the  indications  of  the  instrument, 
led  to  the  introduction  of  circular  instru- 
ments, now  constantly  employed  in  astro- 
nomy in  those  cases  where  formerly  the 
quadrant  was  used. 

Quadrature.  ( Quadratus,  four- 
square.) In  astronomy,  the  moon  or  a 
planet  is  said  to  be  in  quadrature  when 
its  place  differs  90°  in  longitude  from 
the  sun. 

Qualitative  Analysis.  See  Analyst's, 

Chemical. 

Quality  of  Heat  The  heat  emitted 
from  different  sources  varies,  as  is  proved 
by  Melloni's  experiments  on  absorption ; 
for  he  found  that  the  same  substance 
absorbed  different  quantities  of  heat 
according  as  the  Bource  of  heat  was 
changed.  The  term  quality  of  heat 
signifies  any  variation  in  radiant  heat 
which  causes  it  to  be  differently  absorbed 
or  transmitted  by  substances.  Thus, 
according  to  Melloni,  glass  y^th  of  an 
inch  thick  transmits  39  per  cent,  of  the 
rays  emitted  by  a  Locatelli  lamp,  24  of  those  emitted  by  an  incandescent  spiral  of 
platinum,  6  of  those  emitted  by  copper  at  400°  C.,  and  none  of  those  emitted  by 
copper  at  100°  C.  It  is  very  clear,  therefore,  that  the  quality  of  the  heat  emitted 
by  these  different  sources  varies  considerably.  If  any  other  source  of  heat  could  be 
found  of  such  a  nature  that  glass  T\jth  of  an  inch  thick  transmitted  6  per  cent,  of  the 
total  emission,  then  the  quality  of  that  heat  would  be  precisely  the  same  as  that 
emitted  by  copper  at  400°  C.  Quality  depends  upon  the  wave-length  of  the  ether 
conveying  the  motion  of  radiant  heat,  and  upon  its  period  of  vibration,  and  mode  of 
vibration — that  is,  whether  or  not  it  be  polarized,  and  in  what  plane.  Ileat  of  one 
absolute  quality  is  perhaps  most  readily  and  perfectly  obtained  by  inclosing  a  spiral 
of  platinum  in  a  vacuous  chamber  with  rock-salt  windows,  and  raising  the  spiral  to 
incandescence  by  means  of  an  electric  current  of  known,  constant,  and  invariable 
intensity. 

Quantitative  Analysis.    See  Analysis,  Chemical. 

Quantity,  Electric.  Electric  quantity  is  measured  by  the  force  which  the  charge 
upon  a  body  gives  rise  to.  "  When  the  force  between  two  bodies  at  a  constant 
distance,  and  separated  by  air,  is  seen  to  increase,  it  is  said  to  be  due  to  an  increase 
in  the  quantity  of  electricity,  and  the  quantity  at  any  spot  is  defined  as  proportioual 
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to  the  force  with  which  it  acts  through  air  on  some  other  constant  quantity  at  a 
distance."  Unit  of  quantity  is  that  quantity  which,  when  placed  at  unit  of  distance 
from  an  equal  quantity,  attracts  or  repels  it  with  unit  of  force.  k 

Quartz.  The  name  given  to  crystallized  silica,  SIO.r  It  occurs  either  in  the 
massive  form  when  it  is  milky  white,  or  tinged  with  iron  and  in  distinct  crystals ; 
the  crystals  are  six-sided  prisms  with  pyramidal  summits ;  cleavage  is  very  imperfect, 
and  twins  are  of  frequent  occurrence.  Hardness,  7 ;  specific  gravity,  2.5  to  2.8 ;  lustre 
vitreous ;  it  is  of  all  colors,  from  perfectly  colorless  to  black,  passing  through  shades 
of  yellow,  red,  brown,  green,  blue,  and  black,  owing  to  the  presence  of  metallic  oxides. 
When  colorless  and  transparent,  it  is  usually  called  rock  crystal ;  when  purple, 
amethyst;  when  rose-red,  or  pink,  rose  quartz;  when  light  yellow,  false  topaz; 
when  of  a  brownish  smoky  tint,  smoky  guartz  or  cairngorm ;  when  leek  £reen  and 
opaque,  prase ;  when  spangled  throughout  with  yellow  scales,  aventurtn  quartz. 
Other  varieties  are  known  as  chalcedony,  jasper,  siderite,  flint,  horn  stone,  opal,  etc 
For  the  chemical  properties  of  quartz,  see  Silica. 

Quick  Lime.    See  Calcium,  Oxide  of. 

Quicksilver.    See  Mercury. 

ftuinidine.  A  base  which  has  the  same  composition  as  quinine,  and  occurs 
associated  with  it  in  some  cinchona  barks.  It  crystallizes  in  large  transparent  prisms, 
almost  insoluble  in  water,  but  tolerably  so  in  alcohol.  It  neutralizes  acids,  ana  forms 
salts  with  them,  which  much  resemble  the  corresponding  quinine  salts,  but  crystal- 
lize more  easily. 

Quinine.  An  organic  alkaloid,  forming  the  most  important  active  principle  o 
the  cinchona  bark.  It  usually  appears  as  a  white,  porous,  friable  mass,  permanent 
in  the  air,  free  from  odor,  and  exceedingly  bitter.  Its  composition  is  C^H^Sfiy 
It  is  almost  insoluble  in  water,  but  more  soluble  in  alcohol  ana  ether.  It  has  a  strong 
alkaline  reaction  to  test-paper,  and  neutralizes  acids  forming  salts,  which  usually 
crystallize  well.  Salts  of  quinine  are  of  two  classes,  neutral  salts  and  acid  salts. 
They  are  generally  soluble  in  water,  and  have  a  very  bitter  taste,  and  frequently 
exhibit  a  silky  lustre.  The  only  salts  of  importance  are  the  sulphates ;  commercial 
sulphate  of  quinine,  improperly  called  basic  sulphate  of  quinine,  is  really  the  neutral 
salt,  its  formula  being  20a,rT,4N20.i,.H2SO..  It  crystallizes  in  long  flexible  needles 
very  light  and  efflorescing  on  exposure  to  the  air.  The  anhydrous  salt  requires  about 
800  parts  of  water  to  dissolve  it,  but  only  about  100  of  alcohol ;  the  addition  of  a 
little  dilute  sulphuric  acid  to  the  water  converts  this  salt  into  the  acid  sulphate, 
which  only  requires  10  parts  of  water  to  dissolve  it.  The  solution  of  sulphate  of 
quinine  in  dilute  sulphuric  acid  is  strongly  fluorescent,  exhibiting  a  beautiful  azure 
blue  color.  Sulphate  of  quinine  is  one  of  the  most  valuable  medicines  we  posses,  and 
is  manufactured  in  enormous  quantities  as  a  febrifuge.  (See  Cinchona  Bark,  Alka- 
loids from.) 

R 

Racemic  Acid.    See  Tartaric  Acid. 

Rack  and  Pinion.  (Rack,  from  Anglo-Saxon,  rceccan,  to  reach,  extend ;  German, 
recken,  to  stretch ;  so  rack  is  a  bar  which  is  extended,  or  whose  teeth  are  pushed 
forward.  Pinion,  from  Norman  French,  pignon,  a  pen  ;  Lat.,  mnna, penna,  feather- 
wing.)  The  term  pinion  is  generally  applied  to  a  comparatively  small  toothed  wheel 
working  in  the  teeth  of  a  much  larger  one,  and  is  specially  applied  to  a  wheel  con- 
structed on  the  axle  of  a  larger  wheel,  and  moving  with  the  larger  wheel.  The 
contrivance  known  as  rack  and  pinion  is  one  for  producing  a  limited  rectilinear 
motion  from  a  circular  one.  A  toothed  wheel  or  pinion  rotating  about  its  axis  is 
caused  to  work  in  a  straight  toothed  bar.  Of  course,  the  extent  of  the  motion  is 
limited  by  the  number  of  teeth  on  the  bar.     (See  Jack.) 

Radiant  Heat.  (Radius,  a  rod,  the  spoke  of  a  wheel ;  related  to  pa£&*.  Radio, 
to  emit  beams,  to  shine,  is  not  unfrequently  used  by  the  ancients;  thus  Lucretius, 
"  rubent  radiati  lumina  solis.")  The  motion  which  constitutes  heat  may  either  be 
associated  with  ponderable  and  directly  recognizable  matter,  or  it  may  exist  in  the 
form  of  radiant  heat.  "When  associated  with  matter,  we  have  noticed  that  it  pro- 
duces various  changes,  notably  of  condition,  as  in  the  solid,  liquid,  and  gaseous  con- 
ations of  matter.    Radiant  heat  is  transmitted  by  an  unseen  medium ;  the  heat 
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which  comes  to  us  from  the  sun  is  radiant  heat,  as  is  also  the  heat  which  we  perceive 
when  we  stand  in  the  presence  of  a  heated  mass,  such  as  the  fire,  or  a  piece  of  red- 
hot  metal..  A  hot  body  parts  with  its  heat  until  it  assumes  the  temperature  of  sur- 
rounding substances ;  if,  ior  instance,  we  suspend  a  red-hot  poker  by  a  piece  of  string 
in  mid-air,  we  find  that  it  gradually  loses  its  heat,  and  ultimately  becomes  what  we 
term  cold.  That  this  heat  is  not  communicated  to  the  air  is  proved  by  the  fact  that 
a  substance  suspended  by  a  non-conductor  of  heat  in  the  most  perfect  vacuum  we 
can  obtain,  loses  its  heat  Radiant  heat  is  thus  capable  of  traversing  a  vacuum, 
and  this  was  proved  early  in  the  century  by  Rum  ford  and  Davy.  The  former  sus- 
pended a  thermometer  in  an  exhausted  receiver  by  a  silk  thread ;  and  on  placing  a 
warm  substance  outside  the  receiver,  and  opposite  the  bulb  of  the  thermometer,  he 
found  that  a  rise  of  temperature  was  indicated.  Davy  placed  two  reflectors  in  an 
exhausted  receiver,  and  proved  that  a  hot  substance  placed  in  the  focus  of  one  re- 
flector caused  an  increase  of  temperature  at  the  focus  of  the  other.  (Fig.  108.) 
Hence  the  transmission  of  radiant 

heat  is  entirely  independent  of  the  Fig.  108. 

air,  or  of  any  medium  which  we 
can  recognize  by  direct  means. 

Beyond  the  limit  of  our  atmos- 
phere, and  filling  all  space,  we  be- 
lieve there  is  an  infinitely  thin  and 
subtle  medium  which  is  called  the 
ether,  the  luminiferous  ether,  and 
the  interstellar  medium,  indiscrimi- 
nately. (See  Ether,  hwminifer- 
OU8.)  All  radiant  actions — light, 
heat,  radiant  chemical  action,  and 
so  on — are  held  to  be  transmitted 
by  undulations    of   this    medium. 

The  undulations  which  constitute  radiant  heat  would  appear  to  be  of  the  same  char- 
acter, and  to  travel  with  the  same  velocity  as  those  which  constitute  light,  but  the 
individual  vibrations  producing  heat  are  slower  than  those  of  light.  If  we  take  a 
mass  of  metal  and  gradually  heat  it,  it  first  becomes  warm ;  then  as  it  receives  more 
of  the  motion  of  heat,  its  molecules  vibrate  more  quickly,  and  it  becomes  hot ;  then 
it  assumes  a  dull  red  tint,  that  is,  it  begins  to  emit  red  light ;  and  as  the  heating  is 
continued,  the  mass  becomes  orange,  yellow,  blue,  until  it  ultimately  glows  with  an 
intense  white  heat — that  is,  it  emits  white  light ;  by  gradual  addition  the  heat  has 
increased,  and  has  ended  in  light  and  heat  together.  So,  again,  in  cooling,  the 
reverse  effect  takes  place,  until  the  mass  ceases  to  be  luminous,  and  then  after  a 
while  ceases  to  be  perceptibly  hot.  Heat  obeys  the  same  laws  as  light,  in  regard 
to  its  variation  in  intensity,  as  the  distance  increases,  and  also  as  to  its  reflection, 
refraction,  and  polarization,  and  there  are  additional  reasons  for  the  belief  that  light 
and  heat  are  modifications  of  the  same  action,  differing  not  in  kind,  and  only  slightly 
in  degree. 

Radiant  heat  is  the  motion  of  heat  transmitted  to  the  ether,  which  motion  is  propa- 
gated in  the  form  of  waves  through  the  ether.  Thus  when  a  hot  substance  is  cool- 
ing it  is  communicating  its  motion  on  all  sides  to  the  surrounding  ether,  and  this 
occurs  in  a  vacuum  equally  as  in  air,  because  the  luminiferous  ether  is  so  infinitely 
subtle  that  it  passes  through  the  densest  substances  and  pervades  them ;  thus  an 
exhausted  receiver  is  as  full  of  the  ether  as  before  exhaustion,  and  for  this  reason  a 
warm  body  cools  when  placed  in  it.  Now,  as  a  hot  body  which  is  cooling  communi- 
cates its  motion  of  heat  to  the  ether  in  straight  lines  in  every  direction,  like  the 
radii  of  a  circle,  or  (to  go  back  to  the  more  direct  derivation)  the  spokes  of  a  wheel, 
the  action  is  known  as  radiation,  and  the  motion  thus  transmitted  as  radiant  heat. 
(See  also  Absorption  of  Heat ;  Calorescence  ;  Dynamic  Heating  of  Gases;  Heat 
Spectrum  ;  Obscure  neat ;  Polarization  of  Heat ;  Radiation  of  Heat ;  Reflec- 
tion of  Heat ;  Refraction  of  Heat.) 

Radiant  Point.     See  Diverging  Rays. 

Radiation  of  Heat.    Radiant  heat  has  been  defined  above  as  heat  propagated 

in  straight  lines  through  the  ether  or  interstellar  medium  in  the  form  of  undulations, 

and  after  the  manner  of  light.     Radiation  is  the  communication  of  the  motion  of 

heat  from  the  particles  of  a  heated  substance  to  the  ether.    All  substances  radiate 
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heat,  and  the  rate  of  radiation  depends  upon  the  difference  of  temperature  between 
the  substance  radiating  and  proximate  bodies.  (See  Theory  of  Exchange*,)  The 
radiating  power  of  different  substances  varies  considerably,  and  is  to  a  great  extent 
dependent  upon  the  nature  of  the  surfaces.  If  we  take  a  cube  of  tin,  one  surface 
of  which  is  brightly  polished  while  another  is  coated  with  lamp-black,  and  fill  it  with 
boiling  water,  we  find  that  the  effect  of  the  different  sides  upon  a  thermometer 
placed  at  the  same  distance  from  each  side  is  very  different.  When  the  thermometer 
is  placed  opposite  the  blackened  side  the  temperature  rises  considerably,  because 
lamp-black  is  a  good  radiator  of  heat,  and  readily  transmits  the  motion  of  heat  to 
the  surrounding  ether ;  on  the  other  hand,  the  thermometer  is  scarcely  affected  when 
the  bright  surface  of  the  cube  is  presented  to  it,  beeause  the  metal  is  a  bad  radiator. 
and  cannot  transmit  the  heat  of  the  boiling  water  within  the  cube  to  the  surround- 
ing ether.  If,  however,  the  polished  metal  surface  is  covered  with  a  good  radiator, 
as  by  covering  it  with  a  layer  of  varnish,  copious  radiation  is  at  once  manifest.  It 
is  clear,  therefore,  that  if  there  are  two  vessels  filled  with  boiling  water,  and  if  one 
is  composed  of  a  good  radiator  of  heat  and  the  other  of  a  bad  radiator,  the  former 
will  cool  soonest.  Hence  boiling  water  placed  in  a  blackened  vessel  will  cool  sooner 
than  if  it  were  placed  in  a  polished  vessel ;  and,  for  the  same  reason,  water  cools 
sooner  in  a  kettle  covered  with  soot  than  in  one  which  is  bright,  and  in  an  earthen- 
ware teapot  than  in  one  of  polished  silver.  Good  radiators  of  heat  are  also  good 
absorbers — in  other  words,  substances  which  readily  transmit  the  motion  of  heat  to 
the  ether  also  readily  absorb  it  from  the  ether.     (See  Absorption  of  Heal.)    If  we 

Elace  a  blackened  surface  and  a  brightly  polished  surface  side  by  side  in  front  of  a 
re,  the  former  will  quickly  acquire  heat  by  absorption,  while  the  latter  will  reflect 
nearly  all  the  radiant  heat  which  falls  upon  its  surface.  Or  we  may  vary  the  ex- 
periment by  coating  the  bulb  of  a  thermometer  with  tinfoil  and  holding  it  at  a  cer- 
tain distance  from  a  source  of  heat ;  the  mercury  is  scarcely  affected,  because  the 
heat  is  almost  entirely  reflected  from  the  bright  metal.  If  we  now  strip  off  the  tin- 
foil, the  mercury  rises  at  once,  because  the  glass  of  the  thermometer  bulb  is  a  better 
absorber,  and  hence  worse  reflector,  of  heat  than  the  tinfoil ;  but  if,  lastly,  we  cover 
the  bulb  with  lamp-black,  the  mercury  will  rise  more  rapidly  than  before,  because 
the  lamp-black  is  a  better  absorber  of  heat  than  the  glass,  and  reflects  none  of  the 
rays  falling  upon  it.  Of  the  total  amount  of  radiant  heat  which  falls  upon  a  surface 
a  portion  is  absorbed  and  the  rest  reflected,  hence  the  reflecting  power  is  the  com- 
plement of  the  absorbing  power.  In  a  few  instances  the  absorption  is  complete. 
The  radiating  and  absorbing  powers  go  hand  in  hand ;  they  are  reciprocal  actions. 
In  the  following  table  (which  is  given  by  M.  Pouillet  in  his  EUment*  de  Physique 
Ept r (mental e)  the  radiating  and  absorbing  powers  of  various  substances,  with  their 
reflecting  powers,  are  shown  side  by  side : — 


Names  of  Substaneea. 

Radiating 
and  absorb- 

BeAMtlng 

Names  of  Substances, 

Radiating 
and  absorb- 

Reflecting 

ing  power. 

power. 

ing  power. 

power. 

Lamp-black   . 

100 

0 

Brass,    east,    roughly 

Carbonate  of  lead 

100 

0 

polished    . 

11 

89 

Writing  paper 

08 

2 

Brass,    hammered, 

Glass      .... 

90 

10 

roughly  polished     . 

9 

91 

China  Ink 

85 

15 

Brass,    hammered, 
highly  polished 

Gumlac                          m 

72 

28 

7 

93 

Stiver  foil  on  glass 

27 

73 

Brass,  cast,  highly 

Cast  Iron,  polished 

25 

7* 

polished    . 

7 

99 

Mercury 

23 

77 

Copper,  deposited   on 

Wrought  Iron,  polished 

23 

77 

iron  .... 

7 

93 

Zinc,  polished 

19 

81 

Copper,  hammered  or 

oteei              •       «       . 

17 

S3 

east           • 

7 

93 

Platinum,  imperfectly 

Gold  plating 

6 

90 

polished 

24 

76 

Gold,    deposited    on 

Platinum,  deposited  on 

polished  steel  . 

3 

97 

copper 
Platinum  foil 

17 

83 

Silver,  hammered  and 

17 

83 

highly  polished 

S 

9T 

Tin         .... 

14 

86 

Silver,  cant  and  highly 

Metalllo    mirrors,   tar- 

polished   . 

3 

97 

nished 

17 

83 

Metallic  mirrors,  freshly 

polished             . 

14 

86 
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Some  of  these  results  were  obtained  by  Melloni,  but  those  which  relate  to  polished 
metallic  surfaces  are  from  the  experiments  of  MM.  de  la  Prevostaye  and  Desains. 
The  numbers  given  in  the  above  table  do  not  remain  quite  the  same  for  all  tempera* 
tores  and  for  all  sources  of  heat ;  thus,  in  regard  to  solar  heat,  the  lamp-black  and 
carbonate  of  lead  are  not  found  to  have  precisely  the  same  absorbing  power,  for  the 
former  absorbs  rather  more  of  this  heat  than  the  latter. 

Radiation  takes  place  through  a  vacuum,  as  was  proved  by  Rumford.  Moreover, 
the  heat  of  the  sun  traverses  space,  which  we  believe  to  be  absolutely  vacuous, 
before  reaching  us.  That  radiation  takes  place  in  straight  lines,  and  equally  in 
every  direction,  is  implied  by  the  term  itself.  See  also  Radiant  Heat ;  Diather- 
mancy, 

Radical.  (Radix,  radicis,  a  root.)  The  basis  of  a  compound.  Gerhardt's 
definition  is  "  the  proportion  in  which  certain  elements  or  groups  of  elements  may 
be  substituted  for  others,  or  may  be  transferred  from  one  body  to  another  in  the  act 
of  double  decomposition."    (See  Radical,  Compound.) 

Radical.  Compound.  In  organic  chemistry,  a  compound  radical  is  a  group  of 
elements  which,  in  the  various  changes  and  decompositions  which  a  substance  under- 
goes, remains  unaffected,  and  acts  as  if  it  were  an  element ;  thus  cyanogen,  cacodyl, 
ethyl,  the  group  NO„  etc.,  are  compound  radicals. 

Radius  Vector.  (Radius,  and  vector,  a  carrier.)  In  astronomy,  a  straight  line 
supposed  to  be  drawn  from  a  central  orb  to  a  body  travelling  in  an  orbit  around  it. 

Rag  Wheel.  A  mechanical  contrivance  for  converting  rotatory  motion  into  rec- 
tilineal or  the  reverse,  in  which  the  teeth  of  a  wheel  are  caused  to  work  in  the  links 
of  a  chain. 

Rain.  Water  falling  in  drops  from  the  upper  regions  of  the  air.  The  actual 
process  of  the  production  of  rain  nas  not  yet  been  completely  explained,  nor  perhaps 
will  it  be  until  we  know  more  of  the  constitution  of  clouds,  and  especially  of  the 
structure  of  their  constituent  globules.  De  Saussure,  K'amtz,  and  Kratzenstein 
think  that  these  globules  are  hollow,  whereas  Sir  John  Herschel  and  Dr.  Tyndall 
suppose  them  to  be  simply  minute  water  drops.  '*  It  is  certain,"  6ays  the  latter, 
**tnat  they  (the  globules)  possess,  on  or  after  precipitation,  the  power  of  building 
themselves  into  crystalline  forms ;  they  thus  bring  forces  into  play  which  we  have 
hitherto  been  accustomed  to  regard  as  molecular,  and  which  could  not  be  ascribed 
to  the  aggregates  necessary  to  form  vesicles." 

The  general  causes  leading  to  the  precipitation  of  rain  are  probably  the  follow- 
ing 


(1)  The  cooling  of  clouds  through  the  effects  of  radiation. 

(2)  Tl 


The  commingling  of  nearly  saturated  masses  of  air  at  different  temperatures. 
(See  Saturation.) 

f  3}  The  ascent  of  masses  of  moisture-laden  air  towards  colder  regions. 
4)  The  impact  of  such  masses  against  some  cold  surface. 

[5)  The  transfer  from  equatorial  towards  polar  regions  of  large  masses  of  moist- 
ure-laden air  by  means  of  the  upper  southwesterly  or  countertrade  winds. 

The  increase  of  atmospheric  density  or  pressure  is  sometimes  added,  but  as  such  a 
change  is  always  accompanied  by  an  increase  of  temperature,  it  does  not  cause  con- 
densation. Dr.  Tyndall,  speaking  of  such  a  process,  says :  "  The  heat  developed  is 
more  than  sufficient  to  preserve  the  moisture  in  the  state  of  vapor." 

Electricity  is  regarded  by  many  meteorologists  as  largely  operative  in  causing  the 
precipitation  of  rain,  but  though  it  is  true  that  no  rain-storm  ever  takes  place  with- 
out electrical  action  being  developed,  we  ought  rather,  it  would  seem,  to  regard  this 
action  as  the  effect  than  as  the  cause  of  the  precipitation. 

The  circumstances  affecting  the  action  of  these  several  causes  in  different  places 
are  chiefly  the  following :  The  latitude  of  the  station ;  the  elevation  above  the  sea- 
level;  the  proximity  of  the  sea;  the  laws  affecting  the  seasonal  variations  at  the 
Slace;  the  prevailing  winds;  and  the  configuration  of  the  surrounding  surface, 
ome  of  these  circumstances  have  been  considered  under  the  head  Climate. 

In  general,  low  latitudes  are  regions  of  heavy  annual  rainfall.  The  rapid  evapor- 
ation which  takes  place  over  moist  regions  under  the  tropical  sun  causes  ascending 
air  currents,  and  the  upper  regions  of  the  air  being  rarer  and  colder  than  the  lower, 
and  radiation  of  heat  taking  place  rapidly  from  the  upper  surface  of  clouds — brought 
here,  as  Tyndall  expresses  it,  into  the  presence  of  pure  space — (dry  air  having  no 
appreciable  effect  in  checking  radiation)  there  results  a  copious  precipitation.  Over 
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the  equatorial  regions,  therefore,  and  in  a  less  degree  in  tropical  and  sub-tropical 
regions  (with  some  notable  exceptions,  however)  clouds  are  formed  by  the  action  of 
the  sun,  and  their  formation  is  followed  presently  by  the  precipitation  of  heavy  rain- 
showers.  Humboldt  estimates  the  average  depth  of  rain  falling  in  latitudes  0",  19°, 
45°,  and  60°,  at  98,  80,  29,  and  17  inches,  respectively. 

Winds  blowing  towards  the  equator  are  commonly  dry,  and  winds  blowing  from 
the  equator  are  commonly  moist.  We  venture,  in  place  of  the  explanation  com- 
monly given  of  this  circumstance,  to  refer  the  peculiarity  to  the  simple  fact  that 
winds  of  the  former  order  are  blowing  from  regions  where  the  air  is  less,  to  regions 
where  it  is  more  heavily  laden  with  moisture,  and  vice  versa. 

Forests  are  great  generators  o(  rain  (see  Forests,  Influence  of,  on  Climate),  and 
as  rain  in  turn  encourages  vegetation,  a  forest-covered  region  tends  to  remain  un- 
changed in  character,  or  to  be  covered  year  after  year  with  a  ranker  luxuriance  of 
vegetable  growth.  And,  in  like  manner,  arid  regions  tend  to  remain  arid,  even 
where  an  attempt  is  made  to  change  their  character,  because  the  intense  heat  of  the 
soil  and  the  dryness  of  the  superincumbent  air  prevent  even  moisture-laden  winds 
from  bringing  rain  to  nourish  vegetation. 

The  influence  of  the  seasons  on  rainfall  varies  with  the  latitude.  Under  the  tropics 
the  laws  affecting  the  fall  of  rain  are  much  more  regular  than  elsewhere.  On  the 
ocean  we  have  clear  skies  where  the  trade-winds  are  blowing  steadily,  and  heavy 
rain  falls  by  day  over  the  intermediate  zone  of  calms ;  but  on  the  land  we  have  a 
regular  alternation  of  dry  and  wet  seasons.  In  what  we  must  call  the  winter  of  the 
tropics  (see  Climate),  the  sky  is  serene,  in  spring  it  becomes  moist,  and  the  rainy 
season  sets  in  when  the  sun  is  near  the  zenith.  When  the  interval  between  the  sun's 
successive  passages  of  the  zenith  is  long  (as  at  the  equator),  there  are  two  wet  sea- 
sons, both  occurring  in  the  summer  months.  When  monsoons  prevail,  however,  the 
alternation  of  dry  and  wet  seasons  depends  on  the  winds.  When  the  southwest  mon- 
soon is  blowing  over  India,  for  instance,  there  is  no  rain  on  the  east  coast,  but 
abundant  rain  on  the  west  coast.  During  the  northeast  monsoon  these  conditions 
are  reversed. 

Beyond  the  tropics,  with  inconstant  winds  we  get  variable  rainfall.  In  England, 
in  particular,  the  rainfall  is  remarkably  variable  whatever  season  or  month  we  con- 
sider. In  the  British  Isles,  too,  the  Gulf  Stream,  while  adding  on  the  whole  to  the 
supply  of  rain,  causes  peculiarities  of  a  very  marked  character  in  the  distribution  of 
the  supply.  Winds  from  the  east  often  drive  back  the  moisture-laden  southwestern, 
especially  in  spring.     At  such  times  the  air  becomes  singularly  dry. 

The  rainless  regions  of  the  earth  are — the  coast  of  Peru  in  South  America,  the 
valley  of  the  rivers  Columbia  and  Colorado  in  North  America,  the  Sahara  in  Africa, 
and  the  desert  of  Gobi  in  Asia. 

The  heaviest  annual  rainfall  on  the  globe  occurs  on  the  Khasia  Hills,  where  no 
less  than  600  inches  fall  in  the  course  of  a  year,  500  falling  during  the  seven  months9 
continuance  of  the  southwesterly  monsoons.  The  following  estimates  of  annual 
rainfall  in  tropical  places  are  taken  from  Buchan's  Handybook  of  Meteorology : 
Singapore,  97  inches ;  Canton,  78 ;  St.  Benoit,  163 ;  Sierra  Leone,  87 ;  Caraccas, 
155 ;  Pernambuco,  106 ;  Bio  Janeiro,  59 ;  Georgetown,  100 ;  Barbadoes,  72 ;  St. 
Domingo,  107 ;  Bahamas,  52 ;  Vera  Cruz,  183 ;  Ceara,  60 ;  Doldrums  of  the  At- 
lantic, 225 ;  and  Maranhao,  280. 

In  Europe,  the  westerly  countries  have,  for  the  most  part,  the  greatest  rainfall. 
At  Coimbra,  the  annual  rainfall  amounts  to  123  inches;  while  at  Petersburg  it  is 
but  18.2.  In  the  British  Isles  the  rainfall  varies  remarkably.  At  Skye,  in  the  lake 
district,  the  annual  rainfall  is  about  224J  inches ;  at  Seathwaite  in  Cumberland, 
183 J;  but  in  the  eastern  parts  the  rainfall  varies  from  20  to  28  inches.  In  France 
the  average  is  30  inches ;  in  the  plains  of  Germany  and  Russia,  20  inches. 

We  owe  to  Mr.  Symons  the  attention  which  has  of  late  years  been  paid  to  the  sub- 
ject of  rainfall  in  Great  Britain. 

See  further  K'amtz's  Meteorology,  translated  by  Mr.  C.  Walker ;  Daniell's  Me- 
teorological Essays;  the  writings  of  Dove,  Glaisher,  etc.;  and  Keith  Johnston's 
Physical  Atlas. 

Rainbow.  A  luminous  arc  sometimes  seen  in  the  sky  opposite  the  sun  during 
rain.  (Fig.  109.)  It  is  formed  by  the  rayB  of  light  being  reflected  from  the  inner 
surface  of  the  spherical  drops  of  rain,  and  refracted  and  dispersed  as  they  enter  and 
quit  the  drops.    The  result  is  a  multitude  of  colored  spectra,  as  many,  in  fact,  as 
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there  are  drops  or  rain.  But  oat  of  the  whole  number  only  those  which  are  reflected 
in  a  certain  Direction  can  come  to  the  observer.  The  light  forming  the  rainbow 
makes  the  shell  of  a  cone,  whose  apes  is  at  the  observer's  eye,  while  the  radius  of 
the  circle  forming  the  base  is  about  41°.    It  follows,  therefore,  that  no  two  people 


can  see  actually  the  same  bow,  as  each  person  receives  the  light  from  different  drops. 
The  colors  are  the  same  as  in  the  solar  spectrum,  the  innermost  being  violet,  and 
the  outermost  red.  Under  very  favorable  circumstances  a  much  fainter  bow,  called 
the  secondary  rainbow,  is  seen  outside  the  principal  or  primary  rainbow.  It  is  due 
to  two  reflections  and  two  refractions.  Occasionally  a  third  has  been  seen.  The 
light  of  both  rainbows  is  polarized  in  planes  passing  through  the  eye  and  the  radii 
of  the  arc.    (See  Reflection  of  Light,  Total;  Refraction.) 

Rainfall.     The  amount  of  rain  falling  in  a  given  period.     (See  Rain.) 

Bain-Gangs.  An  instrument  for  measuring  the  fall  of  rain.  The  simplest  form 
is  a  metallic  cylinder,  with  a  glass  tube  (divided  into  inches  and  parts)  rising  from 
the  bottom.  A  float,  with  an  attached  scale  rising  above  the  level  of  the  rain-gauge, 
is  sometimes  used,  as  the  glass  tube  is  apt  to  break  during  frosty  weather.  In  some 
rain-gauges  the  aperture  is  much  larger  than  the  diameter  of  the  vessel  in  which  the 
rain  is  collected.  Mr.  O.  J.  Symons  recommends  this  sort  for  general  use.  A  form 
devised  by  the  late  G.  T.  Jagga  Rao,  of  Vizigapatam,  is  worthy  of  notice  on  account 
of  its  cheapness  and  simplicity. 

Rain-gauges  so  deviscu  as  to  indicate  the  varying  rainfall  with  different  winds,  to 
have  their  aperture  always  at  right  angles  to  the  wind,  and  to  answer  other  pur- 
poses have  been  devised  by  Mr.  Symons  and  others. 

A  rain-gauge  must  be  placed  close  to  the  ground,  as  elevation  causes  a  marked 
diminution  in  the  amount  of  fall.  The  cause  of  this  peculiarity  has  not  yet  been 
satisfactorily  explained.  Dr.  Franklin  suggested  that  the  condensation  of  the 
aqueous  vapor  of  the  atmosphere  on  the  raindrops  as  they  fell  may  be  the  cause ; 
but  Sir  John  Herschel  has  shown  that  only  a  seventeenth  part  of  the  increase  can 
be  ascribed  to  this  cause. 

Kamsden's  Eye-piece.    See  Positive  Eye-piece. 

Range  of  a  Projectile.    See  Projectile*. 

Rarefaction.  (Rare/ado,  to  rarefy.)  The  action  of  a  property  possessed  by 
gases  and  aeriform  fluids  by  which  the  intervals  between  the  particles  of  matter 
composing  them  may  be  increased  or  diminished,  bo  that  the  same  weight  of  the  gas 
occupies  a  greater  space.  Rarefaction  is  produced  by  diminishing  the  pressure  or 
by  increasing  the  temperature.  It  is  directly  proportional  to  the  diminution  of 
wd  no  limits  to  it  have  as  yet  been  discovered.    However  small  a  quantity 
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of  gas  may  remain  in  a  given  space,  it  is  shown  by  Geissler's  vacuum  tubes  that  the 

gas  occupies  the  whole  of  the  space. 
Ras  Algethi.    (Arabic)     I  he  star  a  of  the  constellation  Hercules, 
Has  Alfiagne.    (Arabic.)    The  star  a  of  the  constellation  Ophiuchus. 

Ratchet  Wheel.  (French,  rochet;  Italian,  rocchetto,  a  spindle;  rocca,  a 
distaff.)    See  Jack, 

Rays,  Converging.    See  Converging  Rays. 

Rays,  Diverging.    See  Diverging  Rays. 

Reaction.    See  Action. 

Reaction,  Chemical.  (Re,  again ;  and  ago,  actum,  to  pot  in  motion.)  The 
mutual  action  of  chemical  agents  on  each  other.    (See  Reagent.) 

Reagent.  A  chemical  test  which  serves  to  distinguish  the  presence  of  a  sub- 
stance or  group  of  substances  by  the  mutual  action  which  they  exert  on  one  another. 

Realgar.    See  Arsenic,  Sulphides  of. 

Real  Image.    See  Images,  Virtual,  Real. 

Eecomposition  of  White  light.  If  light,  which  has  been  dispersed  into  ira 
primary  colors  by  means  of  a  prism,  be  passed  through  another  similar  prism,  held 
in  the  reverse  direction,  the  colors  are  refracted  back  again,  and  caused  to  travel  in 
its  original  direction,  forming  white  light  again.  If  the  spectrum  be  received  upon 
a  series  of  small  mirrors  (say  seven),  and  these  be  turned  so  as  to  reflect  the  incident 
colors  on  to  one  spot  of  a  white  screen,  they  will  reform  white  light  If  a  circular 
disk  be  divided  into  seven  portions  by  radii,  and  these  be  painted  with  the  seven 
colors,  on  causing  the  disk  to  rotate  rapidly,  the  persistence  of  vision  will  cause  the 
seven  colors  to  be  present  on  the  retina  at  the  same  time,  and  the  result  will  be  a 
uniform  gray  tint,  if  the  spaces  for  each  color  have  been  carefully  apportioned.  The 
reason  why  white  is  not  produced  in  this  experiment  is,  that  artificial  pigments  never 
reflect  pure  colors  but  mixtures ;  the  purer  the  colors  the  more  nearly  the  gray  ap- 
proaches white.    (See  Colors  of  Bodies.) 

Red  Lead.    See  Lead,  Oxides. 

Eed  Lead  Ore.    See  Chromates,  Chromate  of  Lead. 

Red  Oxide  of  Manganese.    See  Manganese,  Oxides. 

Red  Precipitate.    See  Mercury;  Oxides. 

Red  Stars.    See  Stars,  Colors  of. 

Redaction.  (Re,  back ;  and  duco,  to  lead.)  The  separation  of  oxygen,  chlorine, 
or  allied  elements  from  a  metallic  compound  so  as  to  leave  the  pure  metal,  is  usually 
termed  reduction.  But  the  term  is  frequently  extended  to  an  incomplete  action  of 
this  sort,  or  even  to  the  addition  of  hydrogen. 

Reed  Pipes.  The  reed  applied  to  an  organ  pipe  or  other  sounding  pipe,  acts  as 
a  spring  valve  whose  motion  permits  successive  puffs  of  air  to  pass  through.  The 
simplest  form  of  ree,d  pipe  consists  of  a  6hort  pipe  closed  at  one  end.  A  strip  of  the 
pipe  running  along  it  and  near  to  the  closed  end  is  removed.  A  spring,  slightly 
concave,  is  fastened  to  the  tube  at  one  end,  the  other  being  free.  When  the  spring 
is  bent  flat  it  either  covers  the  hole  entirely  (clapper-reeds),  or  passes  into  the  open- 
ing (free  reeds).  If  the  closed  end  of  the  reed  is  placed  in  the  mouth  or  other  vessel 
of  air,  and  the  air  is  forced  into  the  tube,  the  valve  will  be  slammed  and  the  current 
stopped.  If  the  latter  be  not  too  strong,  so  that  the  reed  spring  is  shut  by  the  fric- 
tion and  momentum  of  the  air  passing  by  it,  and  not  by  the  6teady  pressure  of  the 
air,  the  valve  will  open  when  the  current  is  stopped,  and  allow  a  fresh  current  to  be 
established.  In  this  way  a  succession  of  air  puffs  will  pass  by  the  reed  which,  if 
sufficiently  rapid  in  their  succession,  will  constitute  a  musical  note.  The  pitch  of  the 
note,  depending  upon  the  rate  at  which  the  reed  vibrates,  can  be  changed  by  shorts 
ening  the  free  end  of  the  reed ;  this  is  done  by  sliding  a  wire  along  it  from  the  root 
towards  the  free  extremity.  When  the  reed  is  applied  to  an  organ  pipe,  the  note 
produced  depends  upon  the  length  of  the  pipe  (see  Organ  Pipe),  rather  than  upon 
the  length  of  the  reed.  (See  Vibration  of  Elastic  Rod.)  In  fact,  when  the  note 
in  the  pipe  is  established,  the  reed  obeys  the  impulses  it  receives  from  the  air  in  the 
tube.  Its  use  is  accordingly  rather  to  economize  the  air  and  to  give  certainty  and 
precision  to  the  striking  of  tne  note. 

Reflecting  Microscope.  A  form  of  microscope  devised  by  Amici,  in  which  a 
reflecting  mirror  is  used  instead  of  the  object  glass.  The  object  being  placed  in 
one  of  the  conjugate  foci  near  to  the  mirror,  an  image  is  formed  in  the  other  focus 
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about  10  inches  off,  and  is  examined  by  an  eye-piece ;  this  form  is  now  obsolete. 
(See  Microscope.) 

Reflecting  Telescope.  Reflecting  telescopes  are  almost  entirely  used  for  astro- 
nomical purposes.  In  them  light  from  the  object  falls  upon  a  concave  sveculum  and 
is  thence  reflected  either  to  a  mirror,  or  to  an  eye-piece,  according  to  the  particular 
construction  of  the  telescope.  (See  Cassegraman,  Herschelian,  Gregorian,  and 
Newtonian  Telescopes.) 

Reflection,  Angle  Of.    See  Incidence,  Angle  of. 

Reflection,  Light  Lost  by.    See  Light  Lost  by  Reflection. 

Reflection  Of  Cold.    See  Theory  of  Exchanges. 

Reflection  of  Heat.  [Reflecto,  to  turn  back.)  When  radiant  heat  impinges 
upon  a  polished  surface  it  is  reflected,  or  turned  back.  The  ordinary  reflector  of  our 
kitchens  is  used  for  this  purpose,  and  the  brighter  its  surface  the  more  does  it  con- 
centrate heat  upon  the  things  within  it  The  reflection  of  heat  was  well  known  to 
the  ancients.  According  to  Pliny,  the  sacred  fire  of  Vesta  was  rekindled  by  reflect- 
ing the  rays  of  the  sun  from  a  metallic  mirror.  Baptists  Porta  mentions  that  heat, 
sound,  and  cold  may  be  reflected  by  mirrors  in  precisely  the  same  manner  as  light. 
Now,  as  thermometers  were  not  yet  invented,  ne  probably  detected  the  heat  by 
placing  his  hand  in  front  of  the  mirror,  but  this  test  was  not  sufficiently  delicate  in 
the  case  of  the  reflection  of  cold,  consequently  he  placed  his  eye  in  the  focus  of  the 
mirror,  as  the  most  delicate  organism  of  the  body,  just  as  some  two  and  half  centuries 
later  Dr.  Tyndall  daringly  placed  his  eye  in  a  focus  of  dark  heat  rays,  in  order  to 
see  whether  any  light  accompanied  the  heat  The  following  is  the  account  of 
Porta's  experiment,  from  the  seventeenth  book  of  the  celebrated  Natural  Manic  : 
"  Calorem,  frigns,  et  vocem,  speculo  concavo  reflectere."  "  Si  quis  candcla  in  loco, 
ubi  spectabilis  res  locari  debet  apposuerit,  accedet  candela  per  aercm  usque  ad 
oculos,  et  illos  calore  et  lumine  offendet,  hoc  autem  mirabilius  erit,  ut  calor,  ita 
frigus  reflectitur,  si  eo  loco  nix  objiciatur,  si  oculum  tetigerit,  quia  sensibilis  etiam 
frigus  percipiet"  Bonaventure  Cavalieri,  writing  in  1632,  mentions  that  he  inflamed 
dry  substances  by  reflecting  the  heat  of  burning  charcoal  from  a  spherical  mirror, 
(see  fig.  108,  p.  545)  and  when  a  parabolic  mirror  was  substituted,  he  could  produce 
the  effect  at  a  distance  of  five  feet,  with  a  small  fire  of  wood  as  the  source  of  heat 
About  fifty  years  later  Tschirnhausen  constructed  a  mirror  of  polished  copper,  nearly 
6  feet  in  diameter,  which  readily  melted  very  refractory  substances.  Tnc  largest 
burning  mirror  ever  constructed  was  devised  by  Buffon,  and  consisted  of  a  hunured 
small  mirrors  of  looking-glass  arranged  on  a  frame,  so  as  to  be  capable  of  easy  ad- 
justment in  any  position  ;  by  means  of  this  he  could  inflame  wood  at  a  distance  of 
200  feet  from  the  surface  of  the  mirror. 

Dark  heat  is  reflected  in  the  same  manner  as  light,  and  according  to  the  same  law, 
that  is  to  say,  the  angle  of  incidence  of  a  ray  of  heat  is  equal  to  the  angle  of  reflec- 
tion; it  impinges  upon  a  reflecting  surface  at  a  certain  angle,  and  it  leaves  the  surface 
at  the  same  angle.  If  we  place  an  air-thermometer  or  thermo-electric  pile  in  the 
focus  of  a  spherical,  or,  better,  a  parabolic  mirror,  and  place  a  vessel  containing  hot 
water  in  front  of,  but  at  some  distance  from,  the  mirror,  we  notice  an  immediate  in- 
dication of  heat  The  rays  of  heat  proceeding  from  the  hot  water  have  impinged 
upon  the  surface  of  the  mirror,  and  been  thence  reflected  upon  the  air-thermometer. 
Ii  two  parabolic  mirrors  are  placed  face  to  face,  with  their  axes  perfectly  coincident, 
and  a  source  of  heat  be  placed  in  the  focus  of  one  of  them,  the  reflected  heat  is  very 
evident  at  the  focus  of  the  other,  although  a  space  of  several  feet  may  intervene  be- 
tween the  two.  Phosphorus  may  thus  be  ignited  by  the  heat  reflected  from  a  ball 
of  metal  below  redness,  and  the  effect  upon  a  blackened  air-thermometer  is  very 
marked.  The  reflecting  powers  of  substances  vary  greatly ;  a  comparison  is  made 
between  the  radiative  and  reflective  power  of  various  substances  in  the  table  given 
under  the  heading  Radiation  of  Heat.  It  will  be  noticed  that  the  metals  which 
reflect  heat  most  completely  also  reflect  light  very  readily;  moreover,  that  good  re- 
flectors of  heat  are  bad  radiators,  and  vice  versa.  In  all  matters  connected  with 
reflection  dark  heat  and  light  resemble  each  other  perfectly.  (See  also  Theory  of 
Exchanges.) 

Reflection  of  Light.  When  a  ray  of  light  falls  upon  a  polished  surface,  it  is  re- 
flected or  turned  away  from  its  original  course.  The  angle  which  the  incident  ray 
forms  with  the  plane  reflecting  surface  is  equal  to  the  angle  which  the  reflected  ray 


652  REFLECTION. 

forms  with  the  same  surface.  Parallel  rays  of  light  incident  on  plane  mirrors  remain 
parallel;  when  incident  on  concave  mirrors  they  are  converged  to  a  focus,  and  when 
incident  on  convex  mirrors  they  became  divergent.  A  concave  reflector  is  frequently 
nsed  instead  of  an  object  glass  in  astronomical  telescopes.  (See  Reflecting 
Telescope.) 

Reflection  of  Light  from  Metals.    See  Metals,  Colors  of. 

Reflection  of  Light,  Total.  When  a  ray  of  light  passes  obliquely  from  a  rarer 
into  a  denser  medium,  the  sine  of  the  incident  ray  is  always  greater  than  the  sine  of 
the  refracted  ray,  and  a  considerable  portion  enters  and  is  refracted,  however  great 
may  be  its  obliquity,  but  the  converse  of  this  does  not  hold  pood.  If  a  ray  passes 
from  a  dense  medium  into  a  rare  one,  the  sign  of  refraction  will  exceed  that  of  inci- 
dence ;  and  when  the  ray  is  incident  at  a  greater  angle  than  that  at  which  the  sine 
of  the  refracted  ray  would  be  equal  to  the  radius,  the  refraction  of  the  ray  becomes 
impossible,  and  instead  of  entering  the  rarer  medium,  it  is  reflected  back  again  from 
the  internal  surface  of  the  denser ;  if  the  obliquity  be  sufficient  no  light  is  lost,  and 
the  brilliancy  of  the  light  thus  reflected  far  exceeds  that  from  the  best  metallic  mir- 
rors (Brooke's  Natural  Philosophy,  p.  1060,  and  Brewster's  Optics,  p.  31).  The 
angle  at  which  internal  reflection  occurs  is  termed  the  limiting  angle  (which  see ; 
also  Right-Angled  Prism). 

Reflection  of  Sound.  With  regard  simply  to  the  direction  of  the  sound  reflected 
from  a  surface,  it  is  found  to  follow  the  same  law  as  the  reflection  of  light  and  heat, 
namely,  that  the  path  of  the  sound  after  reflection  makes  the  same  angle  with  the 
reflecting  surface,  if  plane,  as  it  did  before  reflection,  and  that  these  two  directions 
and  the  perpendicular  to  the  surface  are  in  one  plane.  If  reflection  take  place  from 
a  curved  surface,  the  direction  of  the  surface  at  the  point  of  impact  may  be  repre- 
sented by  the  tangent  plane  at  that  point.  Thus  a  sonorous  body,  as  a  bell,  placed 
in  the  focus  of  a  parabolic  mirror,  will  give  off  vibrations  in  all  directions,  those  which 
strike  the  surface  will  be  reflected  parallel  to  the  axis ;  they  may  be  caught  on  a 
second  parabolic  surface  conjugate  with  the  first,  that  is,  having  a  common  axis  there- 
with, and  reflected  to  its  focus.  As  in  the  case  of  light,  spherical  surfaces  of  small 
curvature  may  be  substituted  for  parabolic  ones,  and  then  the  60und  emanatiug  from 
the  principal  focus  of  one  mirror  (the  poiut  on  the  principal  axis  half-way  between 
the  centre  and  centre  of  curvature),  will  bo  concentrated  at  the  principal  focus  of 
the  other  mirror.  The  curvature  of  the  walls  of  many  public  buildings  is  such,  that 
the  sound  of  the  voice  when  the  speaker  is  near  to  one  wall  will  be  thus  twice  reflected, 
so  that  a  person  situated  at  a  corresponding  point  near  the  opposite  wall  will  hear 
the  speaker  distinctly,  while  those  between  the  two,  and  therefore  nearer  to  the 
speaker,  will  fail  to  do  so.  Such  is  the  action  of  whispering  galleries,  etc.  Echo  is 
a  familiar  illustration  of  the  reflection  of  sound.  If  hands  be  clapped  in  the  open 
air  before  a  wall,  a  few  yards  off,  two  sounds  will  reach  the  ear,  one  the  direct  sound 
from  the  hands  to  the  ear,  the  other  the  same  sound,  which  is  reflected  from  the  wall 
before  reacting  on  the  ear. 

As,  however,  the  ear  cannot  distinguish  between  two  sounds  at  an  interval  less  than 
Ath  of  a  second,  these  two  sounds  will  be  heard  as  one.  If  the  wall  be  about  35 
leet  away,  the  sound,  to  travel  there  and  back,  will  have  to  pass  through  70  feet,  and 
this  will  take  about  71ffth  of  a  second,  since  sound  travels  at  the  rate  of  about  1100 
feet  per  second.  Accordingly,  the  direct  and  reflected  sounds  will  be  heard  distinct 
The  further  the  wall  is  away  the  longer,  of  course,  will  the  60und  take  to  reach  the 
ear  after  reflection.  In  speaking  several  syllables  in  rapid  succession  the  first  may 
not  have  reached  the  ear  before  the  last  has  quitted  the  lips.  And  an  echo  is  said 
to  be  monosyllabic,  disyllabic,  etc.,  according  to  the  number  of  syllables  which  can 
be  uttered  before  the  first  returns.  An  echo  may  also  be  "  multiple" — that  is,  a 
single  sound  may  give  rise  to  a  number  of  echoes.  Thus  if  a  person  stand  midway 
between  two  parallel  walls,  A  and  B,  and  fire  off  a  pistol,  the  report  will  strike  the 
wall  A,  be  reflected,  and  reach  his  ear  at  the  same  moment  that  the  sound  has  reached 
his  ear  after  reflection  from  B.  Further,  the  sound  which  reaches  him  from  A  will 
go  past  him  and  be  reflected  back  by  the  wall  B,  and  reach  him  at  the  same  moment 
that  the  sound  reaches  him  which  has  been  reflected  from  B,  thence  to  A,  and  thence 
to  the  auditor.  In  short,  with  a  loud  report  and  smooth,  vertical,  and  parallel  walls, 
the  echo  of  a  single  report  may  be  very  manifold.  It  is  clear,  however,  that  those 
echoes  which  have  been  reflected  most  often  will  be  the  feeblest,  having  had  to  tra- 
verse the  longest  paths*    The  continued  noise  produced  in  a  room  by  a  single  loud 
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report  is  due,  in  like  manner,  to  the  successive  echoes  from  the  walls,  which  are  usu- 
ally so  near  to  one  another  that  the  separate  sounds  are  blended.  Clouds  are  capa- 
ble of  producing  echoes,  as  is  often  observed  at  sea  when  a  gun  is  fired  beneath  a 
dense  cloud.  Whenever  refraction  of  sound  occurs,  as  when  a  sonnd  passes  from  a 
less  dense  to  a  more  dense  medium,  reflection  is  always  produced.  Hence  it  is  that 
sounds  are  heard  at  a  great  distance  when  the  air  is  of  uniform  density,  as  iu  the  polar 
regions,  and  generally  at  night.  During  the  day  the  unequal  heating  of  the  earth 
and  the  continual  ascent  of  watery  vapor  from  different  portions  in  varying  quantity 
causes  reflection  to  occur  when  the  sound  passes  from  one  medium  to  another,  and 
consequently  a  large  portion  of  the  undulations  are  dispersed. 

The  speaking-trumpet,  speaking-tube,  and  ear  trumpet  are  applications  of  the  reflec- 
tion of  sound.  The  first  two  confine  the  waves  of  sound  by  the  reflecting  power  of 
their  sides  to  a  column  of  less  diverging  waves ;  the  latter  receives  a  large  volume  of 
Bound  waves,  and,  by  reflection,  cencentrates  them  to  the  narrow  end  of  the  tube 
placed  in  the  ear. 

Refracting  Telescope.  A  telescope  in  which  the  principal  image  is  formed  by 
refraction  through  a  convex  achromatic  lens,  instead  of  by  reflection  from  a  concave 
speculum. 

Refraction,  Angle  of.    See  Refraction,  Index  of. 

Refraction  by  Prisms.    See  Prisms  ;  Spectroscope;  Achromatic  Prism. 

Refraction,  Double.    See  Double  Refraction. 

Refraction  Equivalents.  Dr.  J.  H.  Gladstone  gives  the  following  table  of  the 
refraction  equivalents  of  the  elements.    (See  Refractive  Energy,  Specific.) 


Aluminium 

8.4 

Molybdenum 

»        < 

.    10.4 

Antimony 

24.5 

Nickel 

Arsenic    . 

15.4 

Niobium  . 

Barium    . 

.    15.8 

Nitrogen . 

!     4.1 

Beryllium 

.      5.7 

Osmium  • 

Bismuth  . 

39.2 

Oxvgen    . 

!      2.9 

Boron      . 

4.0 

Palladium 

,    22.2 

Bromine  . 

.    15.3;  16.9 

Phosphorus 

18.3      • 

Cadmium 

13.6 

Platinum 

.    26.0 

Caesium    . 

13.7  (?) 

Potassium 

.      8.1 

Calcium  . 

10.4 

Rhodium  . 

.    24.2 

Carbon    . 

5.0 

Rubidium 

.    14.0 

Cerium    . 

13.6  (?) 

Ruthenium 

Chlorine  . 

9.9;  10.7 

Selenium . 

Chromium 

.    15.9 

Silicium  . 

!      7.5(?);6.8 

Cobalt     . 

10.8 

Silver 

13.5 

Copper    . 
Didymium 

11.6 

Sodium    . 

4.8 

,    16.0 

Strontium 

13.6 

Erbium    . 

Sulphur   . 

16.0 

Fluorine  . 

1.4 

Tantalum 

Gold        . 

.    24.0 

Tellurium 

Hydrogen 

1.3;    3.5 

Thallium . 

21.6  (?) 

Indium     .        . 

Thorinum 

Iodine 

'    24.5 ;  27.2 

Tin. 

!    27.0;  19.2 

Iridium    . 

Titanium 

.    25.5  (?) 

Iron         . 

!    12.0 

Tungsten 

»     w 

Lanthanum 

Uranium . 

10.8 

Lead       . 

24.8 

Vanadium 

25.3  (?) 

Lithium  . 

3.8 

Yttrium  . 

%       9 

Magnesium 

7.0 

Zinc 

10.2 

Manganese 

12.2 

Zirconium 

22.3 

Mercury  . 

21.3 

Refraction,  Index  Of.  When  light  passes  obliquely  from  a  rare  to  a  dense  me- 
dium it  is  refracted  to  a  certain  extent,  varying  with  the  medium  employed,  as  the 
sine  of  the  angle  of  incidence  always  bears  an  invariable  ratio  to  that  of  the  angle  of 
refraction  for  the  same  ray  and  the  same  medium.  The  ratio  is  called  the  refractive 
index  of  that  medium.  This  rule  applies  to  gases  as  well  as  to  solids  and  liquids. 
(See  Refraction;  Refractive  Indices  of  Solids,  Liquids,  and  Gases.) 


556  EEFEANGIBILITY. RESISTANC& 

When  there  are  layers  of  air  of  different  temperatures  and  varying  densities,  rising 
and  falling  irregularly,  refraction  takes  place,  which  interferes  with  distinct  vision. 
(See  Refraction.) 

Eefrangibility.  (Re  and  frango,  to  bend.)  The  property  which  rays  of  light 
and  heat  possess  of  being  bent  out  of  a  straight  line  when  they  pass  from  one  me- 
dium to  another  of  different  density. 

Eegelation.  (Regelatio,  thawing.)  It  seems  probable  that  Faraday,  who  gave 
this  name  to  the  phenomenon  we  are  now  to  describe,  supposed  "  regelatio"  to  sig- 
nify refreezing.  When  two  pieces  of  melting  ice  are  brought  into  contact,  conge- 
lation takes  place  where  they  touch.  This  phenomenon,  first  noticed  by  Faraday,  is 
called  vegetation.  He  explained  it  on  this  wise.  The  particles  at  the  surface  of  a 
moss  of  ice  are  less  restrained  by  the  force  of  cohesion  than  those  within  the  mass. 
Thus  they  pass  easily  into  the  liquid  state,  and  accordingly  the  surface  of  ice,  when 
the  temperature  is  near  the  freezing  point,  becomes  moist.  Now,  when  two  pieces 
of  ice  in  this  condition  are  brought  into  contact,  those  particles  which  are  upon  the 
surfaces  brought  together  are  placed  in  the  condition  of  particles  belonging  to  the 
inside  of  a  mass  of  ice,  and  being  thus  brought  more  fully  than  before  under  the 
influence  of  the  force  of  cohesion,  pass  into  the  solid  state.  When  the  temperature 
is  below  the  freezing  point,  regelation  does  not  take  place,  for  the  surface  of  the  ice 
continues  dry  at  such  temperatures. 

Regulator.  (Regulator,  from  regula,  a  rule ;  regulare,  to  adjust  by  rule.)  Any 
contrivance  for  securing  uniform  motion  with  a  variable  power  or  resistance  in  ma- 
chines. It  is  frequently  the  case  that  one  or  more  of  tne  elements  of  motion  are 
essentially  variable,  as  the  uncoiling  of  the  mainspring  or  the  descent  of  the  weight 
in  timepieces,  the  action  of  the  connecting-rod  on  the  crank  in  the  steam-engine,  the 
pressure  of  the  steam  in  the  cylinder,  etc.  In  all  these  cases  uniform  action  may 
be  obtained  by  a  suitable  arrangement  of  the  machinery  by  which  the  force  is  trans- 
mitted to  its  point  of  application.  This  is  the  purpose  served  by  the  contrivances 
known  as  the  fusee,  pendulum,  fly-wheel,  governor,  for  which  see  articles  under  those 
headings ;  also  Horoloqy  and  Engine. 

Regulus.  (Little  King.)  The  star  a  in  the  constellation  Leo ;  called  also  Cor 
Leonrs,  the  lion's  heart. 

Eelation  of  Music  and  Sound.    See  Harmony  ;  Melody  ;  Musical  Intervals. 

Relative  Photometer.    See  Photometry. 

Relay.    See  Telegraph. 

Residual  Charge.    See  Charge,  Residual. 

Resins.  A  name  given  to  many  vegetable  substances  which  are  allied  physically, 
although  they  may  differ  chemically.  They  are  insoluble  in  water,  and  generally 
soluble  in  alcohol  and  essential  oils.  They  soften  or  melt  with  heat,  do  not  crystal- 
lize, are  of  different  shades  of  yellow  or  brown,  and  are  of  various  degrees  of  trans- 
parency. They  are  of  considerable  commercial  value  for  the  manufacture  of  soap, 
varnish,  benzoic  acid,  etc.  The  following  are  some  or  the  principal  resins :  Benzoin, 
dragonsblood,  Peru  balsam,  storax,  Tolu  balsam,  gum  ammoniacum,  amine,  asa- 
fcetida,  copaiba,  copal,  damma,  elemi,  galbanum,  gamboge,  guaiacum,  lac,  mastic, 
myrrh,  olibanum,  sandarach,  scammony,  turpentine.  The  following  are  fossil 
resins:  Amber,  asphalt,  fossil  caoutchouc,  peat  resins,  pyroretin,  retin  asphalt, 
tasmannite. 

Resistance.  Any  force  which  prevents  a  body  moving  when  other  forces  are 
acting  upon  it,  or  which  is  opposed  to  the  motion  of  the  body  when  it  moves.  Re- 
sistances, such  as  friction,  the  rigidity  of  cords,  or  the  action  of  the  air  or  other  fluid 
on  a  moving  body,  which  are  called  into  play  by  other  forces,  are  termed  passive 
resistance.    (See  Action  and  Reaction.) 

Resistance  Coils.  In  measuring  the  electric  resistance  of  wires  it  is  necessary  to 
have  standards  of  resistance  of  known  and  various  magnitudes  wherewith  to  compare 
it.  The  standards  generally  used  in  this  country  are  coils  of  copper  or  German 
silver  wire,  accurately  cut  off,  so  that  the  resistance  of  each  is  a  multiple  of  the 
British  Association  unit  of  Electric  Resistance.  (See  Units,  Electrical.)  For 
convenience  they  are  generally  placed  in  a  box,  and  joined  to  studs  of  brass  which 
come  to  the  outside  of  the  box,  and  by  means  of  which  the  coils  can  be  connected 
together  so  that  the  current  mav  be  sent  through  any  number  of  them  at  pleasure ; 
and  on  the  studs  are  marked  the  numbers  which  represent  the  quantities  of  resist- 
ance introduced  when  its  coil  is  thrown  into  the  circuit    A  convenient  resistance 
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box  may  contain  altogether  10,000  B.  A.  Units,  arranged  bo  that  any  number  from 
1  to  10,000  may  be  introdnced.  Thus  the  numbers  may  run  1, 2, 2,  5, 10,  20, 20,  50, 
100,  200,  etc.,  5000,  as  in  a  decimal  system  of  weights. 

Resistance,  Units  of.    See  Units,  Electrical!) 

Resistance  of  a  Conductor.  The  following  description  of  an  experiment  will 
explain  what  is  meant  by  the  resistance  of  a  conductor :  Let  the  terminals  of  a 
battery  be  connected  with  a  tangent  galvanometer  (see  Galvanometer)  by  means  of 
short,  thick  wires,  and  let  the  deflection  be  noted.  Then  let  twenty  or  thirty  yards 
of  moderately  fine  wire  be  introduced  into  the  circuit,  so  that  the  current  shall  have 
to  pass  through  it ;  it  will  be  found  that  the  deflection  of  the  needle  is  very  much 
diminished,  showing  that  the  quantity  of  electricity  passing  is  smaller  than  before. 
Now,  let  another  twenty  yards  of  wire  be  introduced,  the  current  will  become  still 
weaker.  On  removing  the  thin  wire  from  the  circuit,  and  again  connecting  the 
battery  by  short,  thick  wires  with  the  galvanometer,  the  original  deflection  will  be 
obtained  if  the  battery  be  constant.  It  appears,  therefore,  that  although  the 
metallic  wire  conducts  the  current,  nevertheless  the  introduction  of  a  long,  thin  wire 
very  much  decreases  the  strength  of  the  current,  and  the  longer  the  wire  the  greater 
this  diminution ;  and  since  we  know  that  the  strength  of  the  current  is  the  same  at 
all  parts  of  the  circuit,  and  that,  therefore,  the  phenomenon  does  not  arise  from  any- 
thing of  the  nature  of  loss  by  the  way,  we  consider  that  the  current  is  prevented 
from  flowing  by  the  resistance  which  the  wire  offers  to  its  passage. 

The  laws  of  electric  resistance  have  been  carefully  determined,  and  very  accurate 
numerical  results  have  been  obtained,  the  subject  being  of  the  very  highest  practical 
as  well  as  theoretical  importance.  It  is  found  that  by  using  wires  of  the  same 
material  the  resistance  is  in  simple  proportion  to  the  length — that  is,  a  wire  two  or 
three  feet  long  gives  twice  or  tnrice  the  resistance  that  a  wire  one  foot  long  would 
give;  under  similar  circumstances,  the  resistance  is  inversely  proportional  to  the 
section  of  the  wire — that  is.  the  greater  the  section  the  smaller  the  resistance,  and 
the  finer  the  wire  the  greater  the  resistance.  Also  the  resistance  depends  upon  the 
material  of  which  the  wire  is  made.  Resistance  is,  in  fact,  want  of  conductivity. 
We  have  given  under  Conductor  numbers  expressing  the  conducting  jsower  of 
metals.  The  following  list  by  E.  Becquerel  expresses  the  specific  resistance  of  metals, 
the  resistance  of  copper  being  taken  as  unity — that  is  to  say,  the  resistance  of  a 
certain  length  of  pure  copper  wire  of  a  given  diameter  being  taken  as  unity,  the 
following  numbers  express  the  resistance  of  wires  having  that  diameter : — 


Resistance  of  Metals. 

Temperature,  54°  F.  (12.2O0.) 

Silver         ....    0.9 
Gold          ....    1.4 
Zinc 3.7 

Tin  .        .        .        .        . 

Lead        .... 
Platinum 

6.6 

7.5 

11.0 

11.3 

Mercury,  50.7  at  57°  F.  (13.8°  C.) 

The  resistance  of  metals  is  very  much  altered  by  the  occurrence  of  the  slightest 
impurity  in  them ;  for  example,  the  resistance  of  pure  copper  wire  is  increased  by 
25  per  cent,  by  the  admixture  of  £th  per  cent  of  iron ;  and  a  very  minute  quantity  of 
arsenic  may  raise  it  as  much  as  50  or  60  per  cent.  Matthiessen  has  made  an  enor- 
mous number  of  determinations  of  conductivity,  and  has  published  the  results  in  the 
Reports  of  the  British  Association  Committee  on  Standards  of  Electrical  Resistance. 
(See  B.  A.  Reports  from  1862,  and  in  particular  those  of  1863  and  1864.)  Resist- 
ance  depends  also  on  the  molecular  condition  of  the  wire ;  thus  it  is  decreased  by 
annealing  and  increased  by  hardening,  or  by  hammering  or  twisting.  It  is  also 
influenced  by  the  temperature  of  the  metal.  All  metals  lose  conductivity — that  is, 
increase  in  resistance — on  being  heated.  Between  32°  F.  (0°  C.)  and  212°  F„ 
(100°  C.)  some  metals  lose  as  much  as  30  per  cent,  of  their  conductivity. 

The  resistance  of  liquids,  with  the  exception  of  mercury,  is  in  all  cases  very  great 
as  compared  with  that  of  solid  conductors.  Under  Conduction  will  be  found  a 
table  by  £.  Becquerel,  comparing  the  conductivity  of  saturated  solutions  with  that 
of  silver.  In  the  case  of  a  saturated  solution  of  chloride  of  sodium  (common  salt| 
the  resistance  is  about  3,000,000  times  as  great  as  that  of  silver ;  in  the  case  of 
distilled  water  it  is  expressed  by  the  enormous  number  7,000,000,000. 

In  expressing  resistances,  it  is  now  usual  to  state  them  in  terms  of  the  unit  off 
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%  electrical  resistance  adopted  by  the  British  Association  for  the  Advancement  of 

*  Science.     (See  Units,  Electrical.)    Thus  to  state  the  electrical  conductivity  of  a 

wire  or  a  specimen  of  metal  it  is  said  that  its  resistance  is  so  many  B.  A.  units  per 

.  gramme  per  metre  (or  per  grain  per  foot) — that  is  to  say,  that  the  resistance  offered 

by  a  wire  of  the  metal  in  question  one  gramme  in  weight  and  one  metre  long  is 

expressed  in  B.  A.  units  by  the  number  given. 

From  the  laws  we  have  laid  down  above,  and  the  numbers  we  have  given,  it  is 
easy  to  calculate  the  absolute  resistance  of  a  given  specimen  of  wire  of  any  material, 
length  and  diameter,  knowing  that  one  mile  (5280  feet)  of  pure  copper  wire,  0.2302 
of  an  inch  in  diameter,  has  a  resistance  of  one  British  Association  unit.  For  if  R 
express  the  resistance  in  B.  A.  units,  I  the  length  in  feet,  and  d  the  diameter  in 
inches,  then  evidently 


R  =»  —  X  /°'2302V»  0.000010036  L 
5280     \    d     J  & 


Resistance  of  Oases  to  Moving  Bodies.  It  is  found  by  experiment  that  when 
a  flat  surface  moves  through  the  air,  or  other  gas,  in  a  direction  perpendicular  to 
the  surface,  the  resistance  it  experiences  is  nearly  directly  proportional  to  the  size 
of  the  surface.  For  surfaces  of  the  same  size,  the  resistance  is  found  to  vary  as 
the  square  of  the  velocity.  Hence,  when  a  body  falls  from  a  mat  height,  so  that 
in  vacuo  it  would  acquire  a  very  great  velocity,  it  is  often  found  that  the  resistance 
of  the  air  has  been  so  increased  by  the  velocity  that  a  uniform  velocity  has  been 
attained.  It  follows  also  that  in  falling  through  air  large  bodies  will  fall  faster  than 
smaller  ones  of  the  same  shape  and  of  the  same  material.  For  the  mass  varies  as 
the  cube,  while  the  surface  upon  which  the  air  exerts  its  resistance  only  varies  as 
the  square  of  the  linear  dimension ;  so  that  there  is  a  greater  ratio  between  the  two  in 
the  case  of  small  than  in  that  of  large  bodies.  For  the  same  reason,  a  sheet  of  paper 
will  fall  more  quickly  when  rolled  up  into  a  ball  than  when  extended.  In  the  former 
case  the  surface  of  resistance  is  the  horizontal  projection  of  the  paper  pellet. 

Resisting  Medium.    See  Medium,  Resisting. 

Resolution  of  Forces.  (Rcsolvere,  Resolutum,  from  re,  again ;  solvere,  to  loosen.) 
The  operation  of  substituting  for  a  single  force  acting  upon  a  body  two  or  more 
forces  which,  conjointly,  shall  produce  the  same  effect  as  the  original  force.  (See 
Parallelogram  of  Forces.) 

Resolvable  If  ebnlsB.    See  Nebulce. 

Resonance.  The  loudness  of  the  sound  produced  by  a  sounding  body  is  aug- 
mented by  bringing  the  body  into  the  neighborhood  of  a  column  of  air  which  is 
capable  of  vibrating  in  unison  with  the  body.  Thus,  a  tuning  fork  which  makes 
say  100  complete  vibrations  in  a  second,  is  held  over  a  wide  telescopic  tube  made  of 
card-board,  and  open  at  both  ends,  the  sound  of  the  fork  will  be  increased  when  the 
telescopic  tube  has  a  certain  length,  and  then  only.  In  the  instance  taken,  the  wave 
length  of  the  note  is  ifff  feet,  or  11  feet.  The  length  of  the  column  of  air  which 
gives,  as  a  fundamental  note,  the  note  corresponding  to  a  given  wave  length,  is  half 
that  wave  length,  here  therefore,  5  ft.  6  in. ;  and  this  is  the  length  of  the  open  tube, 
the  air  in  which  resounds  to  the  note  of  the  fork.  If  the  tube  be  closed  at  one  end, 
it  will  have  to  be  half  this  length,  or  2  ft.  9  in.  A  tube  whose  length  is  any  simple 
multiple  of  this  length  will  also  augment  the  sound,  resounding  to  the  fork,  because 
nodes  will  be  formed  in  it  in  such  a  manner  as  virtuallv  to  divide  it  into  segments. 
The  tube  as  a  whole  will  no  longer  give  its  fundamental  note,  but  an  octave  or  other 
simple  harmonic  thereof.  Instead  of  being  directly  communicated  to  the  air  of  the 
column,  the  vibrations  of  the  fork  may  be  communicated,  in  the  first  instance,  to  a 
solid.  Thus,  the  intensity  of  the  sound  of  a  fork  is  increased  by  screwing  it  on  to  a 
box  closed  at  one  end,  whose  length  is  \  the  wave  length  of  the  fundamental  note 
of  the  fork.  In  the  guitar,  violin,  etc.,  the  vibrations  of  the  string  are  communicated 
through  the  bridge  and  through  the  "  sound  column"  (a  pillar  connecting  the  back 
and  front  of  the  instrument)  to  the  air  in  the  inside.  The  irregular  form  of  the  in- 
strument offers  a  great  variety  of  lengths  of  air  columns,  one  or  more  of  which 
resounds  to  every  note  of  the  strings.  The  sounding  board  of  a  pianoforte  not  only 
conveys  an  additional  amount  of  the  string's  vibrations  to  the  air,  but  also  to  the 
other  strings  which  are  thereby  set  in  motion  if  their  rates  of  vibration  are  simply 
commensurable  with  that  of  the  original  note.  The  hollow  of  the  mouth  acts  as  a 
resonance  chamber  for  the  augmentation  of  the  sounds  of  the  vocal  chorda.    This  is 
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perceived  on  noting  the  change  unconsciously  produced  in  the  shape  of  the  month's 
cavity  when  notes  of  different  pitch  are  sung. 

Respiration.  (Re,  again ;  and  spiro,  to  breathe.)  Under  the  heading  Animal 
Nutrition,  we  have  explained  how  the  food,  after  digestion  and  absorption  into  the 
circulation,  is  partially  burnt  into  carbonic  acid  and  water,  by  the  action  of  the 
oxygen  contained  in  the  atmosphere.  Every  time  an  animal  inspires,  air  is  taken 
into  the  lungs,  where  it  is  exposed  to  an  enormous  surface  of  bloodvessels,  by  which 
it  is  chemically  absorbed,  producing  oxidation,  and  supplying  the  necessary  amount 
of  force  for  the  body.  This  action  is  called  respiration.  (See  also  Animal  Heat ; 
Food,  Functions  of.) 

Resultant.  (Resultart,  to  leap  back.)  A  term  applied  to  any  force  which  will 
have  the  same  effect  as  two  or  more  given  forces.  (See  Parallelogram  of  Forces  ; 
Parallel  Forces.) 

Reticulum.  (Abbreviated  from  Reticulum  Rhomboidale,  the  Rhomboidal  Net.) 
One  of  Lacaille's  southern  constellations. 

Retina.  (Rete,  a  net.)  The  innermost  coating  of  the  eye,  consisting  of  an  ex- 
pansion of  the  optic  nerve  in  the  form  of  a  net.    (See  Eye.) 

Retort.  (Re,  back ;  and  torqueo,  to  turn.)  A  vessel  in  which  a  substance  is 
placed  for  the  purpose  of  submitting  it  to  distillation. 

Retrogradation.  In  astronomy  the  apparent  motion  of  a  planet  in  a  direction 
contrary  to  the  order  of  the  signs.  The  superior  planets  appear  to  move  retrogres- 
sively  when  they  are  in  or  near  opposition,  because  the  earth  is  moving  more  quickly 
forward,  and  so  seems  to  leave  them  behind.  On  the  other  hand,  the  inferior  planets 
appear  to  move  retrogressively  when  they  are  in  or  near  inferior  conjunction,  because 
they  are  then  between  us  and  the  centre  of  motion. 

Retrograde.  (Retro,  backwards ;  and  gracilis,  a  step.)  The  motion  of  a  planet 
in  a  direction  contrary  to  the  order  of  the  signs. 

Return  Stroke.  When  a  thunder  cloud  approaches  any  locality,  all  the  ground 
beneath  it  and  around  it  becomes  oppositely  charged,  owing  to  inductive  action 
taking  place  between  the  cloud  and  the  earth ;  and  in  particular,  any  prominence, 
such  as  a  tree,  or  a  man,  or  animal  standing  out  on  a  plain,  sustains  this  inductive 
charge  to  a  very  high  degree.  Suppose  now  that  a  discharge  takes  place  between 
the  cloud  and  the  ground  at  a  long  distance,  perhaps  a  mile  or  more  from  the  object 
of  which  we  are  speaking,  suddenly  the  electricity  of  the  cloud  is  neutralized  ;  the 
electricity  which  was  before  held  bound  in  the  .object  bv  induction  becomes  free,  and 
rushes  back  to  the  earth,  causing  a  violent  commotion  which  is  known  by  the 
name  of  the  return  stroke  or  back  stroke.  The  effects,  though  not  so  powerful  as 
those  of  the  discharge,  are  yet  frequently  very  violent.  There  are  many  cases  in 
which  men  and  animals  have  been  killed  by  it.  When  death  occurs  on  account  of 
it,  there  is  never  any  wound,  burn,  or  inflammation,  nor  are  the  effects  made  visible 
by  any  spark.  The  many  cases  in  which  people  are  thrown  down  uninjured,  and 
suppose  themselves  to  have  been  struck  by  lightning,  are  evidently  due  to  the  return 
stroke. 

It  may  be  felt  to  a  slight  decree  by  standing  close  to  a  Winter's  machine  with 
the  large  ring  on  the  prime  conductor,  while  sparks  are  being  drawn  from  it,  or  may 
be  imitated  by  placing  a  frog  near  to  it ;  at  each  passage  of  a  spark,  a  lively  com- 
motion is  felt 

Reversal  Of  Sodium  Spectrum.    See  Fraunho/er's  Lines,  Artificial 

Reversing  Prism.    See  Right-angle  Prism. 

Rheomotor.  (£*<•>,  to  flow.)  An  arrangement,  such  as  a  cell  or  battery,  which 
gives  rise  to  an  electric  current.    The  name  electromotor  is  more  frequently  used. 

RheOflCOpe.  (£*'<•>,  to  flow  ;  oxoitiu,  to  see.)  An  instrument  for  detecting  the  ex- 
istence of  an  electric  current.  , 

Rheostat  (£*<•>,  to  flow;  tonjfu,  to  place.)  An  instrument  invented  bv  Sir 
Charles  Wheatstone  for  putting  a  known  resistance  into  a  galvanic  circuit,  ana  thus 
regulating  the  current's  strength.  It  is  used  in  making  measurements  of  electric 
resistances.  Two  equal  cylinders,  one  of  wood,  which  we  shall  call  A,  the  other  of 
brass,  which  we  shall  call  B,  are  arranged  on  parallel  axes  side  by  side.  The  wooden 
cylinder  A  has  a  spiral  groove  cut  in  it,  ana  a  long  fine  copper  wire  is  arranged 
between  them  so  that  on  turning  a  handle  it  is  wound  off  one  on  to  the  other.  When 
any  quantity  of  it  is  wound  on  to  A,  it  lies  in  the  spiral  groove,  and  thus  the  coils 
are  insulated  from  each  other.    Any  portion  of  it  that  is  wound  on  B  is  in  contact 
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with  the  metal  cylinder,  and  completely  uninsulated  one  port  from  the  other.  There 
are  two  binding  screws,  one  connected  with  each  end  of  the  wire.  If  the  instrument 
be  put  into  a  galvanic  circuit,  any  given  quantity  of  the  resistance  of  the  wire  can, 
with  readiness,  be  thrown  into  the  circuit.  For  it  is  only  necessary  to  wind  the  re- 
quired amount  off  the  brass  cylinder  on  to  the  wooden  one,  and  as  this  portion  of 
wire  is  then  insulated,  each  part  from  every  other,  the  current  has  to  traverse  it 
Arrived  at  the  end  of  it  the  current  comes  on  to  the  part  on  the  brass  cylinder,  and 
then  no  farther  resistance  is  offered,  and  the  current  proceeding  along  the  bras 
goes  at  once  to  the  binding  screw.  To  decrease  the  resistance  it  is  only  necessary  to 
wind  wire  off  the  wooden  cylinder  on  to  the  brass  one.  An  index  is  attached  to  the 
axis  of  the  wooden  cylinder  to  tell  how  much  wire  is  wound  upon  it 

Eheotome ;  or  Current-Break.  (#»,  to  flow ;  *«>»*>,  to  cnt)  A  piece  of  appa- 
ratus used  in  connection  with  arrangements  for  obtaining  induced  currents  to  pro* 
dace  temporary  currents  in  the  primary  wire.  There  are  several  forms ;  a  very 
simple  one  may  be  made  by  attaching  one  of  the  battery  wires  to  a  common  rough 
file,  and  then  drawing  the  other  along  the  teeth ;  every  time  the  wire  leaves  a  tooth, 
the  current  is  stopped.  A  more  convenient  one  may  be  made  by  attaching  one  wire 
to  a  toothed  wheel  which  can  be  turned  with  a  handle,  and  the  other  to  a  spring 
which  touches  the  teeth ;  the  current,  as  before,  being  stopped  daring  the  passage 
of  the  spring  from  one  tooth  to  another.  Other  forms  of  rneotome  which  belong  to 
particular  induction  arrangements  are  described  in  their  proper  places. 

Rhodium.  (£o&»,  a  rose.)  A  metal  occurring  in  very  small  quantities  in  pla- 
tinum ore ;  it  was  discovered  by  Wollaston  in  1804.  It  is  a  grayish-white,  hard 
metal,  scarcely  fusible  before  the  oxyhydrogen  blowpipe.  Specific  gravity  12.1. 
Atomic  weight  104.  Symbol  Rh.  It  is  not  altered  by  exposure  to  air  or  moisture, 
but  at  a  red  heat  is  converted  into  oxide.    Its  compounds  are  unimportant 

Rhomb,  Fresnel's.  An  instrument  for  converting  plane  into  circularly  polarised 
light  It  consists  of  a  parallelopiped  of  crown  glass  having  two  acute  angles  of 
about  54°  and  two  obtuse  angles  of  126°.  If  a  ray  of  plane  polarized  light  enters 
perpendicularly  at  one  of  the  ends,  it  suffers  double  reflection  from  the  two  interior 
opposite  surfaces  and  emerges  at  the  other  end  circularly  polarised.    (Sec  Polarized 

Rhumbs.  The  nautical  name  for  the  thirty-two  points  of  the  compass.  (See 
Points  of  the  CompassA 

Rigel.     (Arabic.)    The  star  0  of  the  constellation  Orion.    A  noted  double  star. 

Right-Angle  Prism.  A  prism,  usually  of  glass,  the  section  of  which  at  right 
angles  to  the  axis  is  a  right-angle  triangle ;  the  two  sides  inclosing  the  right  angle 
are  generally  of  equal  length.  When  a  ray  of  light  enters  one  of  the  sides  perpen- 
dicularly to  it  it  suffers  total  reflection  from  the  interior  surface  of  the  hypothenuse 
and  emerges  from  the  opposite  side,  the  ray  being  bent  90°  from  its  original  path 
without  suffering  refraction.  When  the  ray  of  light  enters  the  prism  parallel  to  the 
hypothenuse,  it  is  refracted  to  that  surface,  then  totally  reflected  to  the  opposite 
side,  and  is  again  refracted  on  emerging,  so  that  its  original  direction  is  preserved, 
and  as  the  two  refractions  neutralize  each  other,  there  is  no  dispersion.  Owing  to 
the  single  reflection  which  it  suffers,  the  pencil  of  light  is  inverted;  and,  therefore, 
objects  viewed  through  a  reflecting  prism  in  this  direction  appear  in  their  right 
places,  but  with  their  sides  reversed.  Used  in  this  manner,  a  right-angle  prism  is 
sometimes  called  a  reversing  prism.  As  the  reflection  is  total,  and  there  is  no 
metallic  surface  to  get  tarnished  or  injured,  right-angle  prisms  are  largely  used  in 
philosophical  instruments  as  reflectors.     (See  Prism!) 

Right  Ascension.     See  Ascension,  Right. 

Right-Ascension  Circle.    See  Hour  Circle. 

Rijght-handed  and  Left-handed  Polarization.  If  a  slice  of  quartz  cut  per- 
pendicularly to  the  axis  of  the  crystal  be  examined  in  the  polariscope,  no  black 
cross  will  be  seen,  as  in  the  case  of  calc  spar,  and,  on  rotating  the  analyzer,  the 
colors  will  not  alternately  appear  and  disappear,  but  there  will  be  apparent  a  system 
of  rings,  with  a  colored  disk  in  the  centre,  which  pass  through  all  the  colors  of  the 
spectrum.  If  the  analyzer  has  to  be  turned  towards  the  right,  so  as  to  cause  the 
colors  to  succeed  each  other  in  their  natural  order— red.  orange,  yellow,  green,  blue, 
indigo,  violet — the  piece  of  quartz  is  called  right-handed,  or  dextrogyrate.  If, 
however,  the  analyzer  has  to  be  turned  from  right  to  left  to  obtain  the  natural  order 
of  colors,  the  quartz  is  called  left-handed  or  Icevo-gyrate,  the  two  kinds  of  polariza- 
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tioo  being  respectively  called  right-handed  circular  polarization  and  left-handed  cir- 
cular polarization.  An  examination  of  the  crystalline  form  of  the  quartz  will  in 
some  cases  show  whether  it  is  dextro-  or  Isevo-gyrate.  Many  liquids  possess  this 
property  of  circularly  polarizing  light  (See  Circular  Polarization  of  Liquids; 
Polarized  Light,) 

Right-handed  and  Left-handed  Tartaric*  Acid.    A  method  of  separating  these 

two  bodies  has  been  published  by  M.  Gernez,  based  upon  the  phenomena  of  super- 
saturation.  He  finds  that  a  supersaturated  solution  of  left-handed  double  tartrate 
of  soda  and  ammonia  does  not  crystallize  in  contact  with  a  fragment  of  the  same 
salt,  but  of  the  right-handed  variety,  and  vice  versa.  From  a  supersaturated  solu- 
tion of  inactive  double  racemate  of  soda  and  ammonia,  a  fragment  of  right-handed 
crystal  determines  only  the  precipitation  of  right-handed  crystals;  whilst  a  portion 
of  the  same  liquid  in  contact  with  a  left-handed  crystal  produces  a  deposit  of  the 
left-handed  salt. 

Rigidity.  (Lat.  rigidus,  stiff  or  numb;  Greek,  fcynv,  to  shudder  or.shiver  with 
cold.)  The  property  of  resisting  change  of  form,  the  opposite  to  flexibility. 
Rigidity  is  expressed  by  means  of  a  quantity  called  a  modulus,  or  co-efficient  of 
rigidity,  by  taking  the  ratio  of  the  intensity  of  a  given  stress  of  a  given  kind  to 
the  strain,  or  alteration  of  figure  with  which  the  stress  is  accompanied.    Hence— 

Modulus  of  rigidity  =  intensity  of  stress  -s-  strain. 

The  strain  in  this  equation  is  expressed  as  a  quantity  by  dividing  the  alteration  of 
some  dimension  of  the  body  by  the  original  length  of  that  dimension.  In  most  sub- 
stances which  are  used  in  construction,  the  moduli  of  rigidity,  though  not  exactly 
constant,  are  nearly  constant  for  stresses  not  exceeding  the  proof  strength.  The 
rigidity  of  ropes  plays  an  important  part  in  relation  to  the  work  of  the  machines  in 
which  they  are  used,  especially  of  the  wheel  and  axle,  and  the  pulley.  It  is  neces- 
sary, therefore,  in  machinery  to  be  able  to  estimate  in  given  cases  the  extent  of  the 
resistance  from  this  cause.  When  a  power  and  a  weight  act  at  opposite  extremities 
of  a  rope  passing  over  a  pulley,  the  friction  between  the  rope  and  the  pulley  being 
sufficient  to  cause  the  latter  to  rotate,  it  is  evident  that  the  rope  is  bent  into  an  arc. 
In  consequence  of  the  resistance  offered  by  the  want  of  flexibility,  an  additional 
force  has  to  be  applied  to  make  the  pulley  revolve.  In  experimentally  determining 
the  amount  of  resistance  due  to  rigidity,  not  only  the  radius  of  the  pulley  must  be 
considered,  but  also  the  radius  of  the  rope,  and  the  forces  arc  considered  to  act  along 
the  axis  of  the  rope,  that  is,  at  a  distance  from  the  centre  of  the  pulley  equal  to 
half  the  sum  of  the  diameters  of  the  pulley  and  the  rope.  This  is  called  the  effective 
radius  of  the  pulley  or  drum.  By  actual  experiment  it  is  found  that  one  portion  of 
the  resistance  depends  solely  on  the  rope  itself,  and  another  portion  is  related  to  the 
intensity  of  the  weight  acting  on  the  pulley.  Again;  other  things  being  equal,  the 
resistance  due  to  rigidity  is  greater  as  the  curvature  imparted  to  the  rope  increases. 
The  table  given  below  contains  the  results  of  Morin's  calculations  from  Coulomb's 
experiments,  and  relates  to  the  following  rule  for  obtaining  the  resistance  offered  by 
ropes  in  consequence  of  their  rigidity :  Multiply  B  by  the  weight  in  lbs.,  add  the 
product  to  A ;  and  divide  the  sum  by  the  effective  radius  of  the  pulley  in  inches, 
the  quotient  gives  the  resistance  in  lbs.  Thus  when  the  weight  is  500  lbs.,  and  a 
new  dry  rope,  3  inches  in  circumference,  is  used  to  lift  it,  and  passed  round  a  pulley 
1 1  inches  in  diameter,  the  resistance  due  to  rigidity  is  30  lbs. ;  and  the  result  is  the 
same  as  if  530  lbs.  were  raised  over  a  pulley  of  12  inches  in  diameter  by  a  perfectly 
flexible  string.  It  will  be  seen  by  the  table  how  much  faster  the  resistance  due  to 
rigidity  increases  than  does  the  radius  of  the  rope  used ;  also  that  the  resistance  is 
less  for  tarred  ropes  (except  very  thin  ones)  than  for  new  dry  ropes  of  the  same 
radius.  When  a  rope  is  wound  on  or  off  a  drum,  we  consider  the  rigidity  only  in 
winding  on  the  drum ;  it  is  not  called  into  play  in  unwinding.  For  investigations  of 
this  subject,  see  Young's  Natural  Philosophy,  vol.  ii.  p.  271,  for  abstract  of  Cou- 
lomb's labors,  and  Morin's  Notions  Fondameritales,  pp.  316-332. 
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Riqiditt  op  Ropes. 


Bsdlus  of 
Rope. 

Circumference 
of  Hope. 

New  Dry  Ropes. 

Tarred  Bopea. 

A. 

B. 

A. 

B. 

0.16  in. 

024 

0  32 

0.40 

0.48 

0.56 

0.64 

0.72 

0.80 

l'v  in. 

l.ft 

2 

2.5 

3 

3.5 

4 

4.5 

6 

0.32 

1.43 

4.31 

10.31 

2113 

88  37 

66.00 

105.38 

160.23 

0.034910 
0.078543 
0.139640 
0.218183 
0314190 
0.427643 
0.558560 
0.706723 
0.872750 

0.41 

1.44 

3.86 

8.64 

17.03 

30.56 

61.05 

ft)  08 

121.50 

0.028917 
0.065068 
0115068 
0.180731 
0.260553 
0S54233 
0.482072 
0585568 
0.722825 

Ring  VebulflB.    See  Nebulas. 

Rings,  Hewton's.    See  Newton's  Rings. 

Rings  Of  Saturn.    See  Saturn's  Rings. 

Ritchie's  Photometer.  This  photometer  is  somewhat  similar  to  Bunaen's. 
Light  from  each  source  is  reflected  upon  the  two  halves  of  a  sheet  of  oiled  paper, 
and  the  lights  are  moved  until  the  illumination  of  each  half  appears  the  same.  The 
intensities  are  then  as  the  squares  of  their  distances  from  the  oiled  paper. 

RocheUe  Salt.    See  Tartaric  Acid. 

Rock-Crystal.    See  Quartz. 

Rock-Salt.    See  Sodium,  Chloride. 

Rosaniline:  or,  Aniline  Red.    See  Aniline. 

Roseine.    See  Aniline. 

Rotation  of  the  Earth.    See  Earth. 

Rotatory  Polarisation.    See  Circular  Polarization. 

Rotatory  Power,  Specific.     See  Specific  Rotatory  Power. 

Rubidium.  (pv3t$o*,  dark  red.)  A  metal  belonging  to  the  alkali  group,  occur- 
ring with  caesium,  and  discovered  by  Bunsen  and  Kirchhoff  by  means  of  spectrum 
analysis.  Its  spectrum  contains  two  dark  red  lines  less  refrangible  than  the  line  A 
of  the  solar  spectrum.  In  the  metallic  state,  rubidium  is  very  similar  to  potassium. 
Its  specific  gravity,  however,  is  1.52.    Atomic  weight,  84.5.    Symbol,  Rb. 

Ruby.    See  Corundum. 

RuhmkorfTs  Coil.     See  Induction  Coil. 

Rumford's  Photometer.  This  photometer  is  easily  extemporized.  A  ruler,  or 
even  the  finger,  equidistant  from  the  two  sources  of  light,  is  held  against  a  sheet  of 
white  paper,  so  that  the  two  shadows  thrown  by  the  lights  are  close  together.  The 
darker  shadow  being  thrown  by  the  strongest  light,  the  distances  between  the  lights 
are  varied  until  the  shadows  are  equal ;  their  intensities  are  then  to  each  other  as 
the  squares  of  the  distances.     (See  Photometry.) 

Ruthenium.  A  very  rare  metallic  element  occurring  in  platinum  ore,  and  some- 
what resembling  rhodium,  but  even  more  infusible.  Specific  gravity,  11.4.  Atomic 
weight,  1.04.    Symbol,  Ru.    Its  compounds  are  unimportant. 

R Utile.    See  Titanium;  Dioxide. 


S 

Saccharic  Acid.  An  acid  produced  by  the  action  of  nitric  acid  on  sugar.  For- 
mula, C6H,g08.  It  is  not  crystal lizable,  is  deliquescent,  readily  soluble  in  water  and 
alcohol,  and  forms  crystalline  salts  with  bases. 

Saccharometer,  Optical,  (oas^u?,  sweet ;  and  ptfpcc*,  to  measure.)  An  instru- 
ment for  determining  the  amount  of  cane  sugar  in  a  liquid,  depending  on  the  phe- 
nomena of  polarized  light.  (See  Circular  Polarization  of  Liquids  ;  Right-handed 
and  Left-handed  Polarization.)  It  consists  of  a  polariscope  so  arranged  that 
a  tube  about  ten  inches  long,  closed  at  each  end  with  a  plate  of  glass,  may  be 
interposed  between  the  polarizer  and  analyzer  in  such  a  manner  that  the  whole 
column  of  liquid  may  be  traversed  by  the  ray  of  light    A  solution  of  sugar  or  cane 
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juice,  the  strength  of  which  it  is  desired  to  estimate,  is  decolorized,  when  necessary, 
by  animal  charcoal,  and  introduced  into  the  tube.  The  analyzer  having  been  turned 
until  the  field  is  black  and  the  index  attached  to  it  is  at  zero,  the  introduction  of 
the  sugar  solution  will  cause  color  to  be  visible ;  the  analyzer  is  then  rotated  until  a 
certain  standard  tint  is  produced.  The  angle  of  rotation  is  then  compared  with  the 
angle  through  which  the  analyzer  has  to  be  turned  to  produce  the  same  effect  when 
a  solution  of  perfectly  pure  cane  sugar  of  known  strength  is  examined  in  the  tube. 
As  the  determination  of  the  standard  tint  is  a  matter  of  some  little  difficulty  at 
first,  the  device  is  employed  of  interposing  a  red  glass,  colored  with  oxide  of  copper, 
which  only  allows  the  reel  rays  to  pass.  On  rotating  the  analyzer,  the  field  now  be- 
comes alternately  red  and  black,  owing  to  the  other  colors  being  unable  to  pass 
through  the  glass.  All  that  is  necessary  now  is  to  measure  the  angle  through  wliich 
the  analyzer  has  to  be  turned  to  bring  this  red  ray  into  the  field.  Pure  cane  sugar 
is  strongly  right-handed,  whilst  the  uncrystallizable  sugar  obtained  by  the  alteration 
of  cane  sugar  by  heat,  or  the  action  of  acids,  is  left-handed.  In  sugar  refining  it  is 
of  the  utmost  importance  to  prevent  the  cane  sugar  being  changed  by  too  long  boil- 
ing, or  by  the  accidental  presence  of  an  acid,  and  the  optical  saccharometer  has 
been  found  of  value  by  giving  timely  warning  of  the  approach  of  injury  from  these 
causes.  In  practice  the  instrument  has  many  refinements  and  modifications,  tending 
to  simplify  trie  observations,  and  make  them  more  accurate.  One  of  the  forms  of 
saccharometer  now  most  in  use  is  that  devised  by  Soleil,  and  improved  by  Duboscq ; 
it  is  not,  however,  an  altogether  satisfactory  instrument  (See  Polarized  Light ; 
Polariscope  ;  Circular  Polarization.) 

Sadalmellk.     (Arabic.)     The  star  a  of  the  constellation  Aquarius. 

SadalflUnd.    (Arabic.)    The  star  3  of  the  constellation  Aquarius. 

Safety  Lamp.    See  Lamp,  Safety. 

Safety  Valve.  In  the  steam-engine  an  apparatus  to  secure  the  escape  of  the  steam 
when  it  exceeds  a  certain  pressure.  It  usually  consists  of  a  plug,  fitting  the  top  of  a 
short  tube  opening  into  the  boiler,  which  is  attached  to  a  lever.  The  other  end  of 
the  lever  is  pinned  down  either  by  a  weight  or  by  a  spring.  The  pressure  on  the 
valve  may  be  varied  by  moving  the  weight  along  the  lever,  or  by  screwing  down  the 
spring.  When  the  steam  in  the  boiler  exceeds  the  pressure  exerted  by  the  lever,  the 
valve  rises,  and  the  steam  escapes.  Frequently  the  valve  is  conical,  and  is  fitted 
into  the  top  of  a  steam  dome  fixed  on  to  the  boiler.  Frequently  in  stationary  engines, 
and  always  in  locomotives,  there  are  two  safety  valves,  one  under  the  control  of  the 
engineer,  and  the  other  entirely  enclosed.     (See  Steam  Engine.) 

Sagitta.  (The  arrow.)  One  of  Ptolemy's  northern  constellations.  It  is  the  least 
of  all  the  ancient  constellations. 

Sagittarius.  (The  archer.)  A  sign  of  the  zodiac.  The  sun  enters  this  sign  on 
about  November  22d,  and  leaves  it  on  about  December  21st..  The  constellation 
Sagittarius  occupies  the  zodiacal  space  corresponding  to  the  sign  Capricornus.  It 
is  represented  under  the  figure  of  a  centaur,  bearing  a  bow,  and  about  to  shoot. 

Saint  Martin's  Summer.  The  name  popularly  given  to  that  mild  damp  season 
which  commonly  prevails  from  November  till  about  Christmas  time.  It  is  due  to 
the  prevalence  of  south-westerly  winds. 

Sal  Ammoniac     See  Ammonium,  Chloride  of. 

Salicin.  An  organic  substance  contained  in  the  bark  of  the  willow.  It  forms 
white  crystalline  tables  soluble  in  water  and  alcohol.  Formula,  C13HlgOr  It  is  de- 
composed when  heated  above  200°  C.  (392°  F.) 

Salicylio  Acid.  An  organic  acid  which  exists  ready  formed  in  some  plants  fin 
the  flowers  of  the  Spiraea  Uhnaria,  for  instance),  and  may  be  prepared  artificially 
by  the  oxidation  of  salicin  ;  it  dissolves  in  water,  and  crystallizes  easily  in  large  four- 
sided  prisms,  which  melt  at  150°  C.  (302°  F,),  and  sublime  at  about  200°  O.  (392° 
F.),  without  decomposition.  It  unites  with  bases,  forming  a  well  crystallized  series 
of  salts  called  salicylates. 

Sal  PranellaB.     See  Nitrates  ;  Nitrate  of  Potassium. 

Salt.  This  term  was  originally  applied  to  chloride  of  sodium,  or  common  salt  As 
chemistry  advanced  it  was  seen  that  other  substances  were  strictly  analogous  in  com- 
position, etc.,  to  chloride  of  sodium,  such  as  sulphate  of  soda,  and  nitrate  of  potash, 
and  they  were  therefore  called  salts.  A  little  further  progress  of  chemistry  led  to 
tne  definition  of  a  salt  as  a  neutral  substance,  formed  by  the  union  of  an  acid  and  a 
base.     But  this  definition,  although  it  applied  perfectly  to  sulphate  of  soda,  which 
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is  made  by  neutralizing  sulphuric  acid  with  the  base  soda,  would  not  apply  to  chlo- 
ride of  sodium,  which  contains  neither  acid  nor  base,  but  only  the  two  elements  chlo- 
rine and  sodium.  The  incongruity  of  refusing  the  title  of  salt  to  chloride  of  sodium 
soon  led  to  another  theory  of  salts,  the  theory  that  a  salt  consists  of  an  electro-nega- 
tive body  with  an  electro-positive  body,  the  first  class  being  haloid  salts,  and  the 
second  class  being  amphid  salts.  (See  Haloid.)  After  discussion  however  showed 
that  this  distinction  was  somewhat  arbitrary  and  unnecessary,  and  the  binary  theory 
was  introduced,  by  which  the  two  classes  were  fused  into  one,  and  all  salts  were  sup- 
posed to  be  built  up  on  the  type  of  chloride  of  sodium,  sulphate  of  soda  being  sup- 
posed to  consist  of  sodium  and  a  hypothetical  radical  containing  sulphur  and  oxygen, 
analogous  to  chlorine.  This  theory  now  appears  to  have  gone  the  way  of  the  others, 
and  chemists  have  no  good  definition  of  the  term  salt,  acid,  or  base.  The  fact 
appears  to  be  that  these  terms  arc  convenient  in  ordinary  chemical  language,  and  are. 
with  few  exceptions,  perfectly  well  understood  by  chemists,  but  the  finer  distinctions 
between  either  of  them,  and  some  other  substances  which  have  no  claim  to  these  title*, 
cannot  be  accurately  defined,  and  until  this  is  done,  a  scientific  definition  which  shall 
meet  all  cases,  and  admit  of  no  exceptions,  is  an  impossibility.  Like  the  colors  of  the 
spectrum,  it  is  easy  to  say  that  one  is  red  and  another  yellow,  but  it  is  impossible  to 
give  6uch  an  accurate  definition  of  these  terms  as  will  enable  any  one  to  say  where 
one  ends  and  another  begins. 

Salt.  Common.    See  Sodium  Chloride. 

Saltpetre,    Bee  Nitrates,  Nitrate  of  Potassium. 

Samiel.    The  Turkish  name  for  the  sirocco  (q.v.). 

Sandaraca.    See  Arsenic,  Sulphides  of. 

Saponification.  Originally  this  term  was  employed  to  express  the  decomposition 
of  fats,  under  the  influence  of  alkalies,  into  glycerin  and  a  fatty  acid  which  uniting 
with  the  alkali  formed  soap.  It  is  now  extended  to  all  analogous  actions  in  organic 
chemistry.     (See  also  Soap.) 

Sapphire.    See  Corundum,  and  Aluminium. 

Satellites.  (Satelles,  an  attendant.)  The  name  given  to  those  secondary  bodies 
which  revolve  around  some  of  the  planets.  The  elements  of  the  known  satellites  will 
be  found  under  the  head  elements,  and  further  information  under  the  heads  Moon; 
Lunar  Theory ;  Jupiter;  Saturn,  etc.;  Nebular  Hypothesis,  etc 

The  relation  of  the  satellites  to  the  solar  system  is,  in  some  respects,  peculiar.  Our 
own  moon,  perhaps,  more  nearly  resembles  the  primary  orbs,  than  do  any  of  the  other 
satellites,  since  she  is,  at  least,  sufficiently  massive,  solid,  and  substantial.  But  if 
we  are  to  accept  the  present  estimates  of  the  density  and  mass  of  Jupiter's  satellites, 
we  cannot  but  regard  these  bodies  as  differing  very  remarkably  in  structure  from 
Mars  or  Mercury,  Venus  or  the  earth,  or  even  from  the  less  substantial,  though  more 
massive  fabric  of  their  primary  and  his  fellow  giants.  One  of  them  has  a  mean  den- 
sity only  one-ninth  of  that  of  water,  or  less  than  half  that  of  cork,  while  even  the 
densest  has  a  specific  gravity  of  only  0.396,  that  of  water  being  taken  as  unity.  It 
will  be  seen  under  the  head  Elements,  that  the  planets  of  lightest  substance  are  yet 
far  more  substantial  than  this.  We  know  nothing  as  to  the  density  of  Saturn's  satel- 
lites ;  but  it  is  not  unreasonable  to  conclude  that  they  are  related  to  their  primary  in 
much  the  same  way  as  the  satellites  of  Jupiter  to  theirs. 

It  has  been  supposed,  from  observations  made  by  Sir  W.  Herschel,  that  the  satel- 
lites of  Jupiter  keep  always  the  same  face  turned  towards  their  primary ;  but  modern 
observations  render  this  view  more  than  doubtful. 

Saturation.  In  chemistry,  a  liquid  is  said  to  be  saturated  with  a  solid,  liquid,  or 
gas  which  it  is  capable  of  dissolving,  when  it  has  taken  up  as  much  as  possible.  An 
acid  is  said  to  be  saturated  when  a  sufficient  amount  of  base  is  added  to  it  to  form  a 
neutral  salt,  and  vice  versa  in  the  case  of  a  base.  (See  also  Solution ;  Supersatu- 
ration.) 

Saturation.  In  meteorology,  the  air  is  said  to  be  saturated  with  aqueous  vapor 
when  no  more  vapor  can  be  added  without  condensation  taking  place.  At  a  given 
temperature,  the  air  will  retain  a  definite  quantity  of  aqueous  vapor  in  the  invisible 
form,  the  quantity  being  independent  of  the  density  of  the  air,  and  in  fact  the  same — 
space  for  space — as  though  there  were  no  air.  With  increase  of  temperature  the  quan- 
tity of  aqueous  vapor  which  can  be  retained  in  the  invisible  form  increases,  but  not  in 
the  same  proportion.    The  following  table  (abbreviated  from  Mr.  Glaisher's  Hygro- 
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metric  tables)  stows  the  elastic  force  of  vapor  (measured  by  the  height  of  mercury  it 
would  support)  corresponding  to  different  temperatures  from  0°  to  80°  Fahrenheit : — 


Temperature. 

1 
Force  of  Yap^rJ 

Temperature. 

Force  of  Vapor. 

i   Temperature. 

Force  of  Vapor. 

Inch. 

Inch. 

i 

i 

Inch. 

0° 

0.044 

30° 

0.167 

60° 

0.518 

6 

0.054 

So 

0.204 

65 

0.G17 

10 

0.068 

40 

0217 

70 

0.7.J3 

IS 

0.086 

45 

0.299 

i              75 

0  8G8 

20 

0.103 

60 

0.3G1 

'         so 

1.023 

25 

0.135 

55 

0.433 

i 

It  will  be  seen  that  the  increase  of  force  takes  place  at  a  greater  rate  than  the 
increase  of  temperature.  For  instance,  the  tension  is  increased  by  0.042  as  we  pass 
from  0°  to  15°,  while  the  next  15°  of  temperature  add  0.081  to  the  tension ;  the  next 
0.132  ;  the  next  0.219 ;  and  so  on. 

From  this  peculiarity  a  most  important  consequence  flows.  If  two  saturated 
masses  of  air  at  different  temperatures  are  combined,  the  resulting  mass  will  be  over- 
saturated.  Suppose,  for  instance,  that  the  masses  are  equal  and  that  the  tempera- 
tures are  t9  and  (t-r-2t')° tne  tension  of  saturation  at  temperature  tP  being  e,  and  the 
tension  at  temperature  {t+t')°  being  e-f-e'.  Then  we  know  by  what  has  just  been 
shown  that  the  tension  at  temperature  (t-\-2t')°  will  be  greater  than  e+2e'.  Say  it 
is  e+2c'-f-2e".  Then  when  the  masses  of  air  are  mixed  we  have  for  the  mixture  a 
temperature  of  t-t-t',  while  the  tension  of  the  total  quantity  of  aqueous  vapor  which 
the  double  mass  is  called  upon  to  retain  is  i  [e-f-(e-r-2e'-f-2e")j,  that  is  (e-f-e'-f-e")* 
But  a  temperature  of  t+t',  corresponds,  by  our  supposition,  to  a  tension  of  ic-r-e') 
therefore  the  portion  corresponding  to  the  surplus  tension  e"  will  be  condensed. 

Under  heads  Rain,  Cloudy  etc.,  it  will  be  seen  that  this  principle  has  an  important 
bearing  on  meteorological  phenomena. 

Saturation  of  a  Magnet,  Point  of.  In  magnetizing  steel  bars  with  powerful 
magnets,  or  by  means  of  an  electric  current,  it  is  found  possible  to  communicate  to 
the  bar  an  intensity  greater  than  it  is  capable  of  permanently  retainiug ;  and  this 
excess  of  magnetization,  as  it  may  be  called,  is  gradually  lost  till  a  certaiu  limit  is 
attaiued  which  depends  entirely  upon  the  molecular  condition  of  the  bar.  Thus  for 
the  same  bar,  the  limiting  point  is  higher  or  lower  according  as  the  bar  is  more  or 
less  hardly  tempered,  more  or  less  hammered,  twisted,  and  so  on.  The  bar  when 
magnetized  up  to  this  point  or  to  any  point  below  it  retains  its  intensity  with  great 
constancy.  Ihis  limit  is  called  the  point  of  saturation  of  the  magnet,  and  the 
magnet,  when  magnetized  up  to  that  point,  is  said  to  be  saturated  or  magnetized  to 
saturation.  It  may  easily  be  determined  whether  a  newly  magnetized  bar  is  above 
its  point  of  saturation  by  withdrawing  from  it  its  keeper  once  or  twice  and  noticing 
whether  it  has  lost  magnetism.  If  it  be  over-magnetized,  at  each  withdrawal  it  will 
lose  intensity,  and  by  repeated  withdrawals  it  may  quickly  be  reduced  to  the  point 
of  saturation.  To  find  whether  it  is  below  the  point,  it  is  only  necessary  to  increase 
its  magnetization  and  observe  as  before  whether  it  will  retain  more  than  it  had. 
(See  also  Magnet.) 

Saturn.  In  astronomy  the  sixth  planet  in  order  of  distance  from  the  sun,  the 
second  of  the  family  of  major  planets  circling  outside  the  zone  of  asteroids,  and  the 
planet  which  of  all  others  presents  the  most  remarkable  and  complicated  structure. 
Saturn's  mean  distance  from  the  sun  is  872,137,000  miles ;  his  greatest  920,973,000 ; 
his  least  823,301,000.  Since  the  earth's  mean  distance  is  91,430,000  miles,  his  dis- 
tance from  us  varies  from  about  1,012,000,000  to  about  732,000,000  miles.  The 
eccentricity  of  his  orbit  is  considerable,  being  0.055996.  In  fact  the  centre  of  his 
orbit  lies  midway  between  the  earth's  orbit  and  the  sun.  His  orbit  is  inclined  2° 
29'  28"  to  the  plane  of  the  ecliptic.  In  magnitude  Saturn  surpasses  all  the  members 
of  the  solar  system  except  Jupiter.  Ilis  equatorial  diameter  is  about  70,150  miles, 
his  polar  about  Aths  less,  so  that  his  compression  is  very  easily  recognized  with  a 
good  telescope.  In  volume  Saturn  exceeds  the  earth  no  less  than  69G.7  times  ;  but 
nis  density  being  only  0.13  (the  earth's  as  1).  his  mass  only  exceeds  hers  89.7  times. 
He  is  far  inferior  to  Jupiter  in  mass,  but  even  more  markedly  surpasses  all  other 
planets,  since  the  combined  mass  of  Uranus  and  Neptune,  which  come  next  to  him 
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in  weight,  falls  short  of  one-third  of  his  mass.  Like  Jupiter  he  rotates  very  rapidly 
on  his  axis,  the  length  of  his  day  being  about  10£  of  our  hours.  His  equator  is 
inclined  nearly  27  degrees  to  the  plane  of  his  orbit. 

Saturn  is  attended  by  eight  satellites,  and  is  besides  adorned  by  a  system  of  rings ; 
80  that  his  system  far  surpasses  that  of  Jupiter  in  architectural  richness.     His  satel- 
lites differ  very  much  amongst  themselves 
Fig.  110.  in  magnitude,   the  largest,  Titan,  being 

probably  larger  than  any  of  Jupiter's  satel- 
lites, while  the  smallest  is  probably  less 
than  a  sixtieth  part  of  our  own  moon  in 
volume.     The  observation  of  these  satel- 
lites has  not  the  same  interest  for  astrono- 
mers as  the  study  of  Jupiter's  satellites, 
because  they  are  not  seen  readily  enough 
to  be  of   use  in  determining  terrestrial 
longitudes,  nor  indeed  would  they  be  suit- 
able for  the  purpose,  as  they  are  very  seldom  eclipsed  or  occulted  by  Saturn. 
(Fig.  110.) 
The  rings  of  Saturn  are  among  the  most  remarkable  objects  which  the  heavens 

E resent  to  our  study.  They  were  first  recognized  as  rings  bv  Huyghens  in  1659, 
ut  Galileo  had  nearly  fifty  years  before  detected  the  remarkable  changes  of  appear- 
ance presented  by  the  Saturnian  system  as  the  orbital  motion  of  Saturn  causes  the 
rings  to  be  presented  in  varying  directions  towards  the  observer  on  our  earth. 
Galileo  had  first  imagined  that  Saturn  is  triple,  the  ring  as  seen  in  his  imperfect 
telescope  seeming  to  show  two  large  satellites,  one  on  either  side  of  Saturn.  Finding 
some  time  afterwards  that  no  trace  of  these  imagined  satellites  remained,  he  was 
greatly  perplexed.  He  afterwards  watched  the  planet's  changes  of  appearance, 
accumulating  a  sufficient  number  of  observations  to  have  removed  his  difficulty  had 
he  carefully  studied  their  significance.  Ilevelius  in  like  manner  paid  great  atten- 
tion to  the  varying  aspect  of  Saturn  without  reasoning  out  its  meaning.  After 
Huyghens*  discovery  of  the  real  nature  of  the  appendage,  many  observers  examined 
Saturn  with  close  scrutiny,  and  before  long  the  brothers  Ball  detected  a  dark  divi- 
sion going  completely  round  the  ring-system,  and  apparently  dividing  the  appendage 
iuto  two  distinct  rings.  Cassini  confirmed  this  discovery  (indeed,  to  him  is  usually 
assigned  the  credit  of  having  made  it);  and  later  Sir  William  Herschcl  very  care- 
fully re-examined  the  matter,  and  by  showing  that  the  dark  marking  can  be  seen  on 
both  sides  of  the  ring-system,  and  apparently  in  an  unchanged  position,  he  proved 
that  there  reallyis  a  division,  lie  also  detected  signs  of  rotation  in  the  ring-system, 
though,  as  Mr.  Webb  has  pointed  out,  the  evidence  on  which  the  rotation  period 
assigned  to  the  rings  by  Herschcl  actually  rests  is  sufficiently  meagre  and  unsatis- 
factory. In  1848  Bond  and  Dawes  independently  detected  a  dark  ring  within  the 
bright  rings.  This  ring  has  at  times  been  seen  divided  ;  and  several  divisions  have 
from  time  to  time  been  seen  in  the  bright  rings,  though  one  only  which  divides  the 
outer  bright  ring  into  two  nearly  equal  rings  seems  permanent.  For  the  various 
theories  which  have  been  formed  respecting  the  rings,  sec  Saturn's  Rings. 

The  body  of  Saturn  is  marked  like  that  of  Jupiter  by  dark  belts,  somewhat  fainter 
than  Jupiter's,  as  might  be  expected  from  their  greater  distance,  but  disposed  like 
his  iu  a  symmetrical  manner  with  respect  to  Saturn's  axis  of  rotation.  (See  Belts.) 
A  singular  circumstance  has  been  noticed  by  Sir  William  Herschcl  which  deserves 
more  attention  than  it  has  received.  The  disk  of  Saturn  does  not  always  present  an 
elliptical  shape,  but  is  sometimes  seen  with  two  greater  diameters,  intersecting  and 
having  their  extremities  in  about  45  degrees  of  Saturnian  latitude.  This  appear- 
ance has  been  called  Saturn's  "  square-shouldered"  aspect.  Sir  William  Herschcl 
was  very  confident  that  it  was  no  illusion  which  made  him  assign  to  the  planet  so 
abnormal  a  figure.  Nor  was  any  peculiarity  of  his  telescope  in  question,  since  he 
noticed  the  same  appearance  with  two  different  telescopes.  Other  observers  also 
have  noticed  a  similar  appearance,  amongst  them  the  Bonds  of  America,  Coolidge, 
Airy,  and  other  practised  astronomers.  On  the  other  hand,  careful  measurements 
by  Main  and  Besscl  prove  that  the  planet's  normal  figure  at  any  rate  is  spheroidal. 
It  is  difficult  to  consider  observations  made  by  such  skilful  astronomers  as  erroneous, 
nor  is  it  easy  to  understand  how  any  optical  illusion  can  explain  so  strange  an  ap- 
pearance.   Mr.  Webb  has  ascribed  to  the  present  writer  a  theory  explaining  the 
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peculiarity  as  an  optical  one  ;  but  as  a  matter  of  fact  that  theory  was  only  suggested 
to  be  immediately  rejected.  Sovfar  as  observation  has  yet  gone  there  seems  no  escape 
from  the  conclusion  that  the  globe  of  Saturn  is  subjected  to  changes  of  shape  of  a 
most  remarkable  character,  and  indicating  either  the  action  of  forces  of  upheaval  or 
the  formation  and  precipitation  of  cloud  masses  at  an  enormous  elevation  in  the 
Saturn ian  atmosphere.  In  either  case  an  amount  of  energy  is  indicated  which  far 
surpasses  the  action  which  can  fairly  be  ascribed  to  the  sun's  influence  upon  so 
distant  a  planet 

Saturn  8  Rings.     An  account  of  the  discovery  of  these  wonderful  structures  is 
given  under  the  head  Saturn.    The  principal  elements  of  the  rings  are  as  follows : — 

Longitude  of  ascending  node  of  ring  on  the  ecliptic      .        .    167°  43'  30" 

Inclination  of  ring's  plane  to  the  ecliptic      .        .        .  28    10  22 

Annual  precession  oi  rising  node  of  ring's  plane  on  the  eclip- 
tic or  annual  precession  of  the  vernal  equinox  of 
Saturn's  northern  hemisphere         .... 

Complete  revolution  of  either  equinox  in  years     . 

Exterior  diameter  of  the  outer  ring  in  miles 

Interior  diameter  of  the  outer  ring  in  miles 

Exterior  diameter  of  the  inner  ring  in  miles 

Interior  diameter  of  the  inner  ring  in  miles 

Interior  diameter  of  the  dark  ring         .... 

Breadth  of  the  outer  bright  ring 

Breadth  of  the  division  between  the  rings     . 

Breadth  of  the  inner  bright  ring 

Breadth  of  the  dark  ring 

Breadth  of  the  system  of  bright  rings   .... 

Breadth  of  the  entire  system  of  rings    .... 

Space  between  the  planet  and  the  inner  edge  of  dark  ring 


3.145" 

412,080 

1C6,920 

147,670 

144,310 

109,100 

91,780 

9,625 

1,680 

17,605 

8,660 

28,910 

37,570 

10,322 

Since  the  time  of  their  discovery  the  rings  of  Saturn  have  been  made  the  subject 
of  much  speculation.  Their  unique  character,  the  magnificent  scale  on  which  they 
are  constructed,  and  their  apparent  stability  in  so  strange  a  relation  to  the  globe  of 
Saturn,  have  suggested  a  variety  of  strange  fancies  respecting  them.  Maupertius, 
for  instance,  supposed  that  a  comet  passing  near  Saturn  had  been  attracted  by  the 
planet  and  forced  into  the  figure  of  a  ring.  Buff  on  supposed  that  the  equatorial 
parts  of  Saturn  had  once  extended  as  far  as  the  outer  boundary  of  the  ring,  and  that 
while  the  rest  of  the  planet's  material  had  contracted  into  the  globe  now  actually 
presented  by  the  planet,  these  old  equatorial  limits  had  been  maintained  unchanged 
where  the  ring  is  seen.  Another  theory  put  forward  by  the  younger  Cassini  has 
lately  been  successfully  established  by  the  united  labors  of  Bond,  Pierce,  and  Max- 
well, as  the  true  theory  of  the  ring's  constitution.  Cassini  supposed  that  the  rings 
consist  of  a  multitude  of  minute  satellites  travelling  in  independent  orbits  around 
Saturn.  It  need  hardly  be  said  that,  although  this  hypothesis  has  been  shown  to  be 
well  founded,  we  must  assign  the  full  credit  of  the  discovery,  not  to  Cassini,  who  put 
forward  the  hypothesis,  but  to  the  astronomers  above  named  who  have  demonstrated  it. 

The  problem  of  determining  how  far  a  ring-system  such  as  Saturn's  could  be  sup- 
posed capable  of  remaining  in  equilibrium,  assuming  its  component  parts  to  be  solid, 
about  a  globe  like  Saturn's,  exercising  mighty  attractive  influences  on  every  part  of 
the  system,  was  discussed  towards  the  close  of  the  last  century  by  the  eminent  French 
mathematician  Laplace.  He  succeeded  in  demonstrating  that  a  uniform  ring  could 
not  remain  in  equilibrium  under  such  circumstances,  but  suggested  the  possibility  that 
a  ring  weighted  in  some  way  along  one  part  of  its  circumfereuce  might  continue  to 
rotate  for  an  indefinite  period,  under  conditions  somewhat  resembling  those  which 
affect  the  motions  of  an  independent  satellite.  In  this  state  the  problem  remained 
until  the  discovery  of  the  inner  dark  ring  suggested  the  re-examination  of  the  condi- 
tions of  stability  with  special  reference  to  the  case  of  a  fluid  ring.  Bond  (one  of  the 
discoverers  of  the  dark  ring)  and  Tierce,  both  of  America,  dealt  with  this  problem, 
the  latter  also  considering  the  problem  as  dealt  with  by  Laplace,  and  showing  that 
for  stability  the  ring  system,  if  solid,  must  be  divided  into  a  very  large  number  of 
concentric  rings.  The  subject  of  the  stability  of  such  a  system  as  the  Saturnian, 
regarded  either  as  formed  of  continuous  rings,  solid  or  fluid,  of  rings  of  discrete 
bodies,  or  of  a  combination  of  discrete  masses  with  fluid  or  vaporous  portions,  was 
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proposed  as  the  subject  for  the  Adams  prize  in  1857  by  the  University  of  Cambridge. 
The  prize  was  awarded  to  Professor  Maxwell,  who  contributed  a  masterly  essay  in 
whicn  the  question  may  be  considered  to  have  been  finally  disposed  of.  He  showed 
that  even  though  a  narrow  ring,  weighted  along  one  part  of  its  circumference,  were 
so  placed  in  rotation  around  Saturn  as  to  continue  for  a  time  undestroyed,  yet  that, 
before  long,  disturbances,  such  as  we  know  affect  the  rings  of  Saturn,  must  inevitably 
cause  the  destruction  of  the  ring.  Still  more,  therefore,  must  we  regard  the  exist- 
ence of  a  complicated  family  of  such  rings  as  absolutely  impossible,  let  the  figure 
assigned  to  the  several  rings  be  what  it  may.  Professor  Maxwell  further  showed 
that  continuous  fluid  ringB  would  be  broken  up  into  fluid  satellites  under  the  influ- 
ence of  the  perturbations  to  which  they  would  be  subjected.  Dealing  finallv  with 
the  case  of  a  ring  of  discrete  bodies  or  minute  satellites,  Professor  Maxwell  snowed 
conclusively  that,  though  such  rings  would  be  subject  to  changes  of  figure  and  dispo- 
sition, yet  these  changes  would  not  affect  the  permanence  of  the  rings ;  that  under 
certain  conditions,  far  from  improbable,  such  changes  would  proceed  very  slowly  in- 
deed ;  and  finally,  that  such  changes  as  might  be  expected  to  take  place  would  not 
be  different  from  those  which,  according  to  the  best  observations,  seem  actually  to 
be  taking  place  within  the  ring-system. 

Thus  has  the  perplexing  problem  presented  by  the  Saturnian  ring-system  been 
fully  disposed  of,  in  the  opinion  at  least  of  all  who  are  competent  to  weigh  the  sig- 
nificance of  the  mathematical  processes  involved  in  the  research.  But  what  the 
actual  constitution  of  this  system  may  be ;  what  the  orders  of  satellites  forming  it ; 
whether  they  are  mixed  up  amongst  (or  surrounded  by)  vaporous  masses,  or  are 
some  of  them  in  part  or  wholly  fluid  or  vaporous,  remains  as  yet  undetermined. 

Scales,  Thermometric.    See  Thermometer. 

SchedlT.    (Arabic.)    The  star  a  of  the  constellation  Cassiopeia. 

Schehallien  Experiment.    See  Earth. 

Schweinfurt  Green.    See  Acetates  ;  Aceto-arsenite  of  Copper. 

Scintillation.  (Scintilla,  a  spark.)  The  act  of  emitting  sparks  or  sparkling, 
applied  to  the  twinkling  appearance  of  the  fixed  stars.  Mr.  A.  Claudet  (Phil.  Ma,g., 
No.  175)  has  thrown  some  light  upon  this  subject  by  an  instrument  which  he  calls 
the  chromatoscope.  He  attributes  the  beautiful  sparkling,  and  changing  colors,  ex- 
hibited by  certain  stars  on  a  clear  night,  to  the  evolution  in  different  degrees  of 
swiftness  of  the  various  colored  rays  they  emit.  These  rays  are  supposed  to  divide 
during  their  long  and  rapid  course  through  space,  and  we  see  them  following  each 
other  in  quick  succession,  but  so  rapidly,  that  although  we  see  distinctly  the  various 
colors,  we  cannot  judge  of  the  separate  lengths  of  their  duration.  Mr.  Claudet's 
instrument  consists  of  a  reflecting  telescope,  part  of  which  is  caused  to  rotate  eccen- 
trically in  such  a  manner  that,  instead  of  a  point,  a  ring  like  image  of  the  star  is 
seen.  The  rapidity  of  rotation  is  adjusted  so  that  each  separate  color  given  by  the 
star  is  drawn  out  into  a  large  segment  of  the  ring,  and  in  that  manner  the  light  from 
the  star  can  be  analyzed,  as  in  a  spectroscope. 

Sclerotic  Coat,  (cxxxqpoj,  hard.)  The  outer  coating  of  the  eye ;  the  white  of  the 
eye.    (See  Eye.) 

Scorpia.  (The  Scorpion.)  A  sign  of  the  zodiac.  The  sun  enters  this  sign  on 
about  October  23d,  and  leaves  it  on  about  November  22d.  The  constellation  Scorpio 
occupies  the  zodiacal  region  corresponding  to  the  sign  Sagittarius.  This  constella- 
tion is  one  of  the  richest  in  the  heavens.  The  brilliant  red  star  Antares  is  its  chief 
orb,  but  many  conspicuous  stars  are  spread  over  its  extent.  Antares  is  a  double 
star.  It  had  long  been  noticed  that  during  the  scintillations  of  this  star  a  singu- 
larly well-marked  green  tint  became  from  time  to  time  perceptible,  and  the  idea  was 
suggested  that  there  might  be  a  minute  green  companion  to  tho  ruddy  Antares ;  but 
astronomers  did  not  readily  succeed  in  detecting  it.  At  length,  however,  Mitchell, 
using  the  fine  refractor  of  the  Cincinnati  Observatory,  recognized  a  small  green  star 
near  Antares.  Any  doubt  which  might  have  existed  as  to  the  reality  of  the  green 
color  of  this  companion  was  removed  by  an  observation  made  by  Mr.  Dawes  during 
the  occultation  of  Antares.  He  found  that  when  the  primary  was  alone  concealed 
the  small  star  retained  its  color.  The  constellation  contains  many  other  objects  of 
interest. 

Scorpius.  A  name  by  which  the  constellation  Scorpio  is  conveniently  designated 
when  there  is  occasion  to  refer  to  any  stars  belonging  to  it.  Thus  Antares  is  called 
Alpha  Scorpii,  not  Alpha  Scorpkmis. 
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Screw.    A  variety  of  the  inclined  plane.    It  nay  be  considered  as  an  inclined 
plane  (Fig.  Ill)  wound  round  a  cylinder  (Fig.  112),  comparable  to  a  winding  inclined 


Fig.  113. 


road  round  a  steep  hill,  making  a  gradual  ascent.    The  projecting  coils  are  termed  the 

threads  of  the  screw,  and  they  may  be  either  square  or  triangular  (Fig.  113).  The  dis- 
tance between  the  apper  edge  of  one  thread  and  the  corresponding  edge  of  the  next, 
measured  on  a  line  parallel  to  the  axis,  is  called  ike  distance  between  the  threads. 
The  screw  is  usually  connected  with  a  concave  cylinder  or  mil,  on  the  interior  aor- 
fuce  of  which  a  spiral  cavity  is  cot,  corresponding  exactly  to  the  thread  of  the  screw 
which  moves  in  it.  When  a  weight  is  supported  by  a  screw,  the  condition  of  equili- 
brium is  found  on  the  principle  of  the  inclined  plane.  (Bee  Inclined  Plane.)  Sup- 
Sose  a  weight  supported  by  a  force  applied  at  the  circumference  of  a  screw  in  a 
irection  perpendicular  to  a  plane  through  the  axis.  If  we  suppose  the  surface  of 
one  thread  of  the  screw  cut  horizontally  and  unrolled,  we  shall  obtain  an  inclined 
plane  in  which  a  weight  is  supported  by  a  force  parallel  to  the  base.  Consequently,  the 
condition  of  equilibrium  is,  that  the  power  shall  be  to  the  weight  us  the  height  of 
the  plane  to  its  base,  or  as  the  distance  between  the  threads  to  the  circumference  of 
the  cylinder. 

The  screw  is  usually  used  with  a  lever  inserted  into  the  top  of  the  screw.  Its 
length  is  reckoned  from  the  axis  of  the  cylinder,  and  its  separate  mechanical 
advantage  is  its  length  divided  by  the  radius  of  the  cyl- 
inder. Hut  it  is  easily  proved  that  if  we  know  the  length 
of  the  lever  it  is  not  necessary  to  know  the  circumference 
of  the  cylinder,  but  that  the  power  is  to  the  weight  sup- 
ported as  the  distance  between  the  thread  is  to  the  circum. 
ference  of  the  circle  described  by  the  power.  Consequently, 
the  mechanical  effect  of  the  screw  is  increased  either  by 
lengthening  the  arm  of  the  lever  or  by  diminishing  the  dis- 
tance between  the  threads ;  but  the  fatter  cannot  be  per- 
formed beyond  a  certain  limit  without  making  the  threads 
too  weak  to  bear  the  strain  upon  them. 

The  spiral  curve  formed  on  the  cylinder,  by  supposing  the 
threads  to  be  reduced  to  a  simple  line,  is  called  a  Affix. 

The  form  of  the  screw  may  be  very  varied.    The  nut  moy 
be  movable  and  the  screw  fixed,  or  the  screw  movable  and  the  nut  fixed,  etc.  The  screw 
is  commonly  used  to  exert  pressure,  as  in  the  screw-press.     (See  Differential  Screw  ; 
Endless  Screw.) 

Screw,  Archimedean.     See  Archimedean  Screw. 

Sculptor.  (Abbreviated  from  Apparatus  Sculptorius,  the  Sculptor's  Easel.)  One 
of  Lacaille's  southern  constellations. 

Sea,  Influence  of,  on  Climate.     See  Climate. 

Sea  Salt.    See  Sodium,  Chloride. 

Season*.  The  name  given  to  those  four  divisions  of  the  year  which  correspond 
to  the  sun's  apparent  motion  from  the  winter  solstice  to  the  vernal  equinox  {winter}, 
thence  to  the  summer  solstice  (spring),  thence  to  the  autumnal  equinox  (summer), 
and  thence  to  Ihe  winter  solstice  again  (autumn).  As  these  motions  of  the  sun  are 
caused  by  a  real  motion  of  the  earth,  we  have,  in  explaining  the  seasons,  to  consider 
the  earth's  position  and  motions.  We  find  the  cause  of  the  seasons  in  the  relation 
between  the  earth's  axial  position  and  the  position  of  her  orbit-plane.  The  axis  is 
inclined  to  this  plane  at  an  angle  of  about  66  j°  (see  Obliquity  of  the  Ecliptic),  and 
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retains  its  position  while  the  earth  completes  her  circuit,  so  that  if  one  could  look 
down  upon  the  earth  from  a  point  at  an  indefinite  height  above  the  plane  of  the 
ecliptic,  one  would  see  the  visible  pole  always  bearing 'in  the  same  direction,  with 
respect  to  the  centre  of  the  earth.  It  is  clear  then  that  as  the  earth  travels  round  the 
sun,  this  pole  so  viewed  would  continually  change  its  bearing  with  respect  to  the  sun, 
at  precisely  the  same  rate  as  the  earth's  centre  does.  When  the  pole  so  viewed  seems 
to  Dear  directly  towards  the  sun,  it  is  summer  for  the  visible  hemisphere.  A  quar- 
ter of  a  revolution  further  on,  the  pole  would  bear  neither  towards  nor  from  the  sun ; 
then  all  the  days  and  nights  are  equal,  and  it  is  autumn  ;  a  quarter  of  a  revolution 
later  the  pole  bears  directly  from  the  sun,  and  it  is  winter;  and,  lastly,  yet  a  quarter 
of  a  revolution  later  the  pole  bears  neither  from  nor  towards  the  sun,  and  it  is  spring. 
It  need  hardly  be  said  tpat,  where  the  pole  has  here  been  said  to  bear  apparently 
directly  towards  the  sun,  the  real  inclination  has  been  but  23£° — the  complement, 
that  is,  of  the  inclination  of  the  earth's  axis  to  the  ecliptic 

Secondary  and  Primary  Rainbow.    See  Rainbow. 

Secondary  CoiL    See  Cod  Primary. 

Secnnda  Oiedi.  (Latin  and  Arabic.)  The  star  a*  of  the  constellation  Capri- 
corn us. 

Selective  Absorption  of  Heat.    See  Absorption  of  Heat. 

Selenite.    See  Sulphates  ;  Calcium. 

Selenium.  (SfXipj,  the  moon.)  A  non-metallic  element  much  resembling  sul- 
phur, discovered  by  Berzelius  in  1817.  It  forms  a  brittle,  glassy  mass  of  a  deep 
brown  color,  and  a  serai-metallic  lustre.  Specific  gravity  4.3.  At  the  boiling  point 
of  water  it  softens,  and  melts  at  a  little  higher  temperature.  It  boils  below  a  red 
heat,  evolving  a  deef  orange-colored  vapor  which  condenses  as  a  scarlet  powder,  or 
in  black  fused  drops  according  to  the  temperature  of  the  receiver.  Like  sulphur, 
selenium  forms  several  allotropic  modifications.  Atomic  weight  79.5.  Symbol  Se. 
Selenium  unites  with  oxygen  in  two  proportions  forming  a  dioxide  (SeO,)  and  a 
trioxide  (Se03) ;  the  latter  is  only  known  in  combination.  These  are  analogous  to 
the  corresponding  oxides  of  sulphur,  and  are  called  selenious  and  selenic  acids. 
They  each  form  a  well-defined  scries  of  salts. 

Seleniuretted  Hydrogen.  (SeIIr)  A  gaseous  compound  of  selenium  and 
hydrogen,  possessing  an  intensely  disgusting  smell,  and  very  poisonous.  When 
passed  through  metallic  solutions  it  precipitates  most  of  the  heavy  metals  as  sden- 
ides.  In  its  physical  and  chemical  properties  it  is  strictly  analogous  to  the  correspond- 
ing sulphur  compound,  sulphuretted  hydrogen,  or  hydro-sulphuric  acid  (which  see). 

Selenography.  (SeXjJwf,  the  moon,  and  ypa$u,  to  delineate.)  The  art  of  picturing 
or  describing  the  face  of  the  moon.  We  owe  to  Cassini,  Schroter,  Lohrmann,  Beer 
and  M'adler,  Schmidt,  and  others,  the  principal  maps  or  drawings  of  the  moon.  In 
Webb's  Celestial  Objects  an  excellent  account  aua  a  very  convenient  map  of  the 
moon  will  be  found.    Recently  Mr.  Birt  has  paid  great  attention  to  lunar  phenomena. 

Sensitive  Flames.  This  name  is  given  to  flames  of  gas  which  under  certain  con- 
ditions evince  a  wonderful  susceptibility  to  the  influence  of  sonorous  vibrations.  They 
were  discovered  in  1865,  in  which  year  Barrett  noticed  that  a  shrill  and  prolonged 
note  had  a  curious  effect  on  a  tall  and  slender  gas  flame  that  was  burning  from  a 
tapering  jet.  Under  the  influence  of  the  sound  the  flame,  which  was  about  14  inches 
loug,  shortened  itself  several  inches ;  at  the  same  time  the  upper  part  spread  out 
sideways  into  a  flat  flame,  which  gave  an  increased  amount  of  light  from  the  more 
perfect  combustion  of  the  gas.  Less  strongly  the  same  effect  took  place  wheu  a  high 
note  was  sounded  even  40  or  50  feet  away.  This  singular  phenomenon  Barrett  made 
the  starting  point  of  an  investigation,  in  which  he  "  succeeded  in  finding  some  of  the 
conditions  of  its  success,  and  so  exalting  the  action  that  the  flame  moved  at  the 
slightest  noise."  In  connection  with  this  discovery  it  is  to  be  noticed  that  mechanics 
have  often  had  occasion  to  observe  that  the  large  bats-wing  gas-flames  in  their 
work-shops  became  disturbed  and  thrust  out  little  tongues  of  flame  when  the  noise 
of  the  work  happened  to  be  sustained  and  shrill.  A  similar  observation  to  this 
had,  it  appeare,  been  published  some  years  ago  in  America  by  Leconte,  who  had 
remarked  that  during  a  concert  certain  of  the  gas-flames  in  the  room  '*  exhibited  pul- 
sations in  height,  which  were  especially  couspicuous  when  the  strong  notes  of  the 
violoncello  came  in."  To  Leconte  is  further  due  the  happy  and  important  observa- 
tion that  the  flames  did  not  jump  until  the  pressure  of  tne  gas  caused  them  to  be 
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near  flaring.  Tyndall  next  took  up  the  subject,  and  having  largely  added  to  its 
interest  and  importance,  made  the  first  publication  of  the  discovery  at  a  Friday  even- 
ing lecture  at  the  Royal  Institution  in  January  1867. 

In  order  to  obtain  a  sensitive  flame  attention  is  necessary  to  two  things :  The 
shape  of  the  burner  whence  the  gas  issues,  and  the  pressure  urging  the  flow  of  gas. 
The  former  will  be  described  directly,  the  latter  should  be  as  great  as  possible  short 
of  making  the  gas  to  flare.  Any  combustible  gas  will  answer  the  purpose,  but  coal 
gas  is  the  readiest  and  most  suitable,  hence  it  is  assumed  as  that  employed.  If  a 
piece  of  glass  tubing  be  drawn  out  to  a  tapering  orifice,  about  one-sixteenth  of  an 
inch  in  diameter,  and  the  orifice  snipped  or  filed  into  a  slightly  V  shaped  aperture, 
such  a  burner  will  yield  a  moderately  sensitive  flame  when  attached  to  the  ordinary 
gas  mains.  The  best  time  to  experiment  is  at  dusk,  when  the  pressure  of  the  gas  is 
generally  at  its  maximum.  The  sound  of  a  whistle  or  the  higher  notes  of  any  musi- 
cal instrument  cause  the  flame  to  shrink  down  to  half  its  height  and  spread  out 
laterally  like  a  fish-tail  flame,  but  immediately  recovering  itself  the  moment  the  sound 
has  ceased.  Some  amusing  experiments  dependent  on  this  change  in  the  luminosity 
and  aspect  of  the  flame  at  once  suggest  themselves.  When  burning  in  a  darkened 
room  small  print  may  be  read  at  a  distance  from  the  flame,  only  when  the  flame  is 
whistled  to ;  or  gun  cotton  may  be  placed  near  the  flame  and  at  the  sound  of  the 
proper  note  the  flame  will  diverge  and  ignite  the  cotton  or  fire  a  cannon.  Barrett 
has  applied  such  a  flame  to  the  construction  of  an  instrument  which  rings  an  electric 
bell  at  the  least  noise,  and  which  may  be  turned  to  practical  use  in  the  detection  of 
burglary,  or  revealing  the  approach  of  any  shrill  noise.  The  instrument  consists  of 
two  upright  brass  rods  fixed  to  a  little  stand  at  a  distance  of  some  three  inches  apart. 
Attached  at  right  angles  to  the  summit  of  one  rod  is  a  compound  metallic  ribbon, 
consisting  of  thin  layers  of  silver,  gold,  and  platinum  welded  together.  This  arrange- 
ment, as  is  well-known,  expands  unequally  by  heat;  so  doing  it  swerves  aside  and  is 
thus  brought  into  contact  with  a  platinum  terminal  projecting  from  the  top  of  the 
second  brass  rod.  Connected  with  the  two  rods  is  a  cell  of  an  electric  battcrv,  and 
associated  with  which  is  an  electric  bell.  The  bell  immediately  rings  when  the  elec- 
tric circuit  is  complete,  but  under  ordinary  circumstances  a  gap  of  about  half  an  inch 
is  left  between  the  metallic  ribbon  and  the  platinum  terminal.  In  front  of  the  two 
upright  rods  and  close  to  the  metallic  ribbon  a  sensitive  flame  is  caused  to  burn.  By 
the  divergence  of  this  flame,  under  the  influence  of  a  high  note,  the  metallic  ribbon 
is  heated  ;  it  swerves  aside,  and  coming  in  contact  with  the  platinum  point  closes  the 
little  gap  in  the  electric  circuit.  The  ringing  of  the  electric  bell,  mav  be  miles  away, 
announces  the  fact  almost  simultaneously  with  the  utterance  of  the  sound  which 
affected  the  flame. 

A  still  more  sensitive  flame  may  be  obtained  by  urging  coal  gas  from  a  gas-bag,  or 
better  a  gas-holder,  and  allowing  the  gas  merely  to  issue  from  a  tapering  jet.  The 
best  jet  for  this  purpose  is  made  of  steatite  and  similar  to  what  is  used  for  'jet  pho- 
tometers." By  carefully  increasing  the  pressure  of  the  gas  until  the  flame  is  just 
short  of  roaring,  and  allowing  a  perfectly  free  passage  of  the  gas  to  the  burner,  a 
flame  may  be  obtained  fully  twenty  inches  high  if  the  surrounding  air  be  perfectly 
still.  The  least  noise  or  the  faintest  sibilant,  knocks  the  flame  down  more  than  a 
foot ;  the  moment  the  sound  ceases  the  flame  promptly  recovers  itself.  The  best 
sized  orifice  for  the  burner  is  one*  that  just  admits  No.  19  wire,  or  0.046  inch  in 
diameter,  and  the  pressure  of  the  gas  required  is  about  equal  to  3J  inches  of  water. 
The  extraordinary  sensitiveness  of  such  a  flame  may  be  judged  from  the  fact  that  it 
beats  strongly  in  time  to  the  ticking  of  a  watch  held  near  it,  and  that  it  responds  to 
the  chink  of  small  coins  shaken  a  hundred  feet  away. 

In  a  lecture,  delivered  before  the  Royal  Dublin  Society,  Barrett  has  shown  the 
value  of  such  a  flame  as  a  delicate  phonoscope.  Placing,  for  example,  a  watch  in  the 
focus  of  one  parabolic  mirror  and  a  sensitive  flame  in  the  focus  of  another  distant 
mirror,  the  reflection  and  convergence  of  sound  arc  seen  by  the  regular  beating  of  the 
flame  to  every  tick  of  the  watch,  an  effect  which  immediately  ceases  when  the  flame 
is  displaced  from  the  focus  by  being  brought  nearer  the  watch.  Other  laws  of  accons- 
tics,  such  as  the  fact  that  a  body — a  bell,  for  example — when  sounding  is  divided 
into  ventral  segments  separated  by  intervals  of  rest,  may  be  readily  shown  by  a  sen- 
sitive flame ;  also  the  refraction  and  interference  of  sound  waves  may  be  illustrated 
to  a  large  audience  by  the  same  agency. 

This  remarkable  change  in  the  aspect  of  a  sensitive  flame  is  wrought  solely  by  the 
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effect  of  sonorous  vibrations,  and  is  not  at  all  due  to  the  impact  of  puffs  of  air  which 
may  have  attended  the  production  of  the  sound.  The  particles  of  air.  if  ever  so 
violently  displaced,  could  not  struggle  onward  through  the  entangled  barrier  pro- 
duced by  their  surrounding  fellows,  and  could  they  possibly  reach  the  flame  their  im- 
pact would  be  imcompetcnt  to  produce  an  effect  so  strange  and  rare.  Hence  this 
effect  is  solely  caused  by  the  wave-like  to  and  fro  motion  by  which  sound  is  propa- 
gated from  place  to  place.  It  is  the  product  of  translated  motion,  not  of  translated 
matter. 

Now,  the  question  arises,  What  is  the  cause  of  this  phenomenon  ?  In  the  first  place, 
it  must  be  borne  in  mind  that  a  sensitive  flame  is  a  flame  on  the  point  of  roaring,  and 
thereby  on  the  brink  of  changing  its  aspect.  In  the  words  of  Professor  TyndaU,  "  it 
stands  on  the  edge  of  a  precipice.  The  proper  sound  pushes  it  over.  It  shortens 
when  a  whistle  sounds,  exactly  as  it  did  when  the  pressure  was  in  excess.  The  action 
reminds  one  of  the  story  of  the  Swiss  muleteers  who  are  said  to  tie  up  their  bells  at 
certain  places  lest  the  tinkle  should  bring  an  avalanche  down.  The  snow  must  be 
very  delicately  poised  before  this  would  occur.  I  believe  it  never  did  occur,  but  our 
flame  illustrates  the  principle.  We  bring  it  to  the  verge  of  falling,  and  the  sonorous 
pulses  precipitate  what  was  already  imminent."  A  fuller  explanation  has  been  pro- 
posed by  Barrett  in  the  Philosophical  Magazine  for  April  1867.  A  roaring  flame 
is  shown  by  moans  of  a  moving  mirror  to  be  a  flame  in  a  state  of  vibration ;  so  also 
is  a  sensitive  flame  when  influenced  by  a  sound.  Now,  suppose  a  gas  flame  to  be 
very  near  its  sensitive  point,  that  is,  if  the  gas  ripples  a  little  faster  through  the 
orifice  the  flame  will  change  its  shape  and  be  thrown  into  a  state  of  vibration.  In- 
creasing the  pressure  of  the  gas  an  almost  imperceptible  amount  will  produce  such 
an  effect,  and  so  also  certain  vibrations  acting  on  the  gas  become  equivalent  to  an 
increase  of  pressure  in  the  holder.  Hence  a  sensitive  flame  is  the  analogue  of  a 
resonant  column  of  air.  Both  are  caused  insensibly  to  vibrate  at  any  note,  but  when 
the  pitch  of  the  note  accords  with  the  normal  rate  of  vibration  of  the  flame  or  the  air, 
then  the  flame  visibly,  and  the  column  of  air  audibly,  respond  with  energy  to  that 
note.  So  that  bringing  the  flame  to  the  point  at  which  it  is  sensitive  to  a  particu- 
lar note,  is  somewhat  like  adjusting  the  length  of  a  column  of  air  until  it  resounds  to 
a  certain  tuning  fork. 

Not  only  flames  but  streams  of  un ignited  gas  or  air,  made  visible  by  smoke,  may 
be  rendered  extraordinarily  sensitive.  Tyndall,  enlarging  the  experiments  of  Savart* 
has  further  shown  that  jets  of  water  under  proper  conditions  are  also  capable  of  be- 
coming exceedingly  sensitive  to  notes  of  the  proper  pitch. 

For  further  information  on  this  subject  the  reader  is  referred  to  the  Sixth  Lecture 
in  Tyndall's  work  on  Sound,  and  to  a  dissertation  on  Sensitive  Flames,  by  Barrett, 
in  the  Popular  Science  Review  for  April  1867 ;  to  which  article  we  acknowledge 
our  indebtedness. 

Separated  Touch.  A  technical  term  used  in  practical  magnetism  to  designate  a 
method  of  magnetisation.  According  to  this  method,  a  pair  of  bar  magnets  are  held 
inclined  to  the  bar  to  be  magnetised,  and  with  their  opposite  poles  resting  on  it 
They  are  placed  on  it  in  the  middle,  and  they  are  then  separated,  one  being  drawn 
towards  each  end,  where  they  are  lifted  and  brought  back  without  further  contact  to 
the  middle,  again  separated,  and  so  on.  The  method  of  separated  touch  was  invented 
by  Dr.  Gowan  Knigiit  in  1745,  and,  owing  to  his  great  success  in  making  powerful 
and  even  magnets,  bears  a  high  reputation.    See  Magnetisation. 

Septum.     (Septum,  a  fence.)     See  Dialysis. 

Serein.  Bain  which  falls  from  a  cloudless  sky.  In  tropical  regions  the  phenome- 
non is  not  unusual. 

Serpens,  (The  serpent.)  One  of  Ptolemy's  northern  constellations.  It  consists  of 
two  portions  separated  by  the  body  of  Ophinchus. 

Sextans.  (Abbreviated  from  Sextanus  Uranice,  the  Sextant  of  Urania  or  Tycho 
Brahe's  Sextant.)  A  constellation  invented  by  Hevelius,  in  honor  of  Tycho  Brahe, 
and  specially  to  commemorate  the  successful  application  of  instrumental  astronomy 
to  the  heavens  by  that  astronomer.  The  formation  of  this  asterism  can  hardly  be 
regarded  as  a  useful  service  rendered  to  astronomy. 

Sextant.  (Sextans,  the  sixth  part.)  (Fig.  114.)  An  instrument  having  the  figure  of 
a  sector  of  a  circle,  60°  in  arc,  used  for  measuring  the  angular  distances  between  ob- 
jects. The  frame  bears  a  telescope  directed  to  a  small  mirror,  only  half  of  which  is 
silvered.  Thus  one  can  look  at  an  object  through  the  telescope  in  the  usual  way,  seeing 


SHADOW. SIDE. 


573 


through  the  mirror  glass.  An  arm  moving  radially  round  the  sector  bears  another 
small  mirror  (placed  over  the  centre  of  the  sector),  and  by  moving  the  radial  arm 
this  mirror  can  be  so  placed  relatively  to 


Fig.  114. 


the  other  (both  mirrors  being  at  right 
angles  to  the  plane  of  the  sector),  that 
rays  from  a  star  after  reflection,  firstly,  at 
the  face  of  the  movable  mirror,  and  then 
at  the  face  of  the  other,  pass  down  the 
axis  of  the  telescope.  Thus  two  objects 
can  be  seen  at  once,  one  directly  through 
the  telescope,  the  other  after  two  reflec- 
tions. Now,  it  is  obvious  that,  when  a 
ray  of  light  is  reflected  successively  at 
the  face  of  two  mirrors,  the  last  part  of 
its  course  is  inclined  to  the  first  part,  at 
an  angle  which  is  twice  the  angle  of 
inclination  between  the  two  mirrors. 
(For  if  the  second  mirror  were  parallel 
to  the  first,  the  last  part  would  be  par- 
allel to  the  first  part,  and  shifting  the 
second  mirror  would  equally  shift  the  per- 
pendicular to  the  second  mirror,  with 
which  the  two  last  portions  of  the  ray's 
course  make  always  equal  angles,  so  that 
a  deviation  equal  to  the  angular  move- 
ment of  the  perpendicular  would  result 
in  each  side  of  the  perpendicular,  or  a 
double  deviation  of  the  whole.)  Hence 
we  have  only  to  double  the  angle  between  the  two  mirrors  when  both  objects  are  Been 
in  the  same  apparent  direction,  to  determine  the  angular  distance  between  the  two  ob- 

i'ects.  The  radial  arm  serves  to  show  through  what  angle  the  mirror  has  been  shifted; 
mt  each  degree  division  is  counted  as  two  in  numbering  along  the  limb,  so  that  by 
simply  readiug  off  one  obtains  the  angular  distance  between  the  two  objects  directly. 
The  sextant  was  invented  by  Hadley,  and  is  commonly  called  Hadley's  sextant.  For 
a  full  account  of  the  instrument,  and  a  description  of  other  forms  in  which  it  is  used, 
gee  Loomis's  excellent  treatise  on  Practical  Astronomy. 

Shadow.  ( A.-S.,  scadu,  sceado  ;  Ger.  schatten  ;  oxta,  a  shadow.)  As  light  moves 
in  straight  lines,  it  is  intercepted  by  any  opaque  substance,  producing  the  effect  of  a 
dark  space,  bounded  bv  a  more  or  less  sharp  outline,  the  shape  of  the  intercepting 
body.  This  is  called  the  shadow.  When  the  light  issues  from  a  point,  the  sharpness 
of  outline  is  very  great,  being  interfered  with  by  diffraction  or  inflection  only. 
When,  however,  the  source  of  light  has  a  sensible  diameter  (the  sun,  for  instance), 
the  shadow  is  bounded  by  a  broad  indistinct*  portion  caused  by  the  light  not  being 
suddenly  cut  off  by  the  opaque  body.  This  portion  is  called  the  penumbra,  the 
shadow  being  sometimes  called  the  umbra. 

Sheave.  (Old  Dutch,  schijve,  orb,  disk,  wheel ;  German,  scheibe.)  Awheel  fixed 
in  a  block,  and  turning  on  a  pivot.  It  is  grooved  on  its  edge  to  receive  a  cord,  with 
which  it  rotates.    This  forms  the  common  pulley.     (See  Pulley.) 

Sheliak.     (Arabic.)  The  star  0  of  the  constellation  Lyra. 

Shel-lac.  The  name  applied  to  the  resin  lac  (see  Resins)  after  it  has  been  melted 
and  strained  from  impurities. 

Sheratan.    (Arabic.)    The  star  3  of  the  constellation  Aries. 

Shock,  Lateral.   See  Lateral  Shock. 

Shooting  Stars.    See  Meteors,  Luminous. 

Short-sightedness.  An  imperfection  of  the  eye  caused  by  too  great  convexity  of 
the  crystalline  lens,  by  which  images  of  objects  do  not  come  to  a  distinct  focus  on 
the  retina,  but  a  little  in  front  of  it.  This  may  be  perfectly  remedied  by  correcting 
the  excess  of  curvature  of  the  crystalline  lens  by  placing  in  front  of  the  eye  a  slightly 
concave  lens.     (See  Eye;  Spectacles.) 

Side  Pressure  of  Moving  Oases.  If  a  mass  of  air  move  in  any  direction,  in  the 
midst  of  an  atmosphere  otherwise  still,  the  latter  will  be  sot  in  motion  and  will  strive 
to  follow  in  the  wake  of  the  moving  mass.    In  effecting  this  it  will  undergo  partial 
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rarefaction.  This  effect  is  exhibited  on  a  large  scale  in  nature  when  such  rarefaction 
is  detected  by  the  fall  of  the  barometer  in  the  neighborhood  of  the  masses  of 
moving  air  constituting  storms.  On  a  smaller  scale  the  same  effect  is  shown  in  "  Cle- 
ment's Experiment."  If  a  vertical  tube  be  fastened  to  a  hole  in  the  centre  of  a  cir- 
cular disk,  and  another  perfect  disk  of  light  material  is  brought  near  to  the  first  one, 
when  air  is  forced  down  the  tube  the  second  disk  may  be  lifted.  The  air  passing 
vertically  downwards  through  the  tube  strikes  against  the  lower  disk  and  tends,  of 
course,  to  blow  it  away ;  but  its  vertical  motion  is  converted  into  a  horizontal  one.  It 
passes  from  the  centre  towards  the  circumference  of  the  parallel  disks,  and  conse- 
auently  has  to  expand  to  fill  the  larger  space.  It  becomes  therefore  dilated  and 
diminished  in  tension,  giving  rise  to  a  partial  vacuum  ;  the  air  beneath  the  lower  disk 
presses  up  to  restore  the  tension,  and  thereby  forces  up  the  disk.  The  same  may  be 
shown  by  blowing  air  through  a  narrow  tube  a  little  on  one  side  of  a  candle  flame, 
which  is  a  little  beyond  the  end  of  the  tube ;  the  flame  inclines  towards  the  current, 
If  a  current  of  air  be  blown  between  two  sheets  of  paper  hung  up  vertically  and 
parallel,  the  sheets  will  cleave  together. 

Sidereal  System.  (Sidiisf  a  star.)  The  term  under  which  astronomers  include 
all  the  objects  which  fall  within  the  limits  of  the  system  of  stars  whereof  our  sun  is 
a  member.  The  most  important  problem  in  the  whole  range  of  the  science  of  as- 
tronomy consists  in  the  determination  of  the  extent  of  the  sidereal  system,  and  the 
nature  of  the  objects  which  must  be  supposed  to  belong  to  it. 

Undoubtedly,  when  Sir  William  Ilerschel  began  his  wonderful  series  of  labors 
amidst  the  stellar  depths,  there  were  just  reasons  for  believing  that  the  sidereal  sys- 
tem is  in  fact  no  other  than  the  stellar  system,  so  that  all  objects  which  can  be  shown 
to  be  other  than  stars  or  suns  must  be  regarded  as  lying  beyond  its  limits.  For  Sir 
William  Herschel  justly  took  the  planetary  system  as  affording"  the  only  available 
analogue  of  the  sidereal  system,  and  the  planetary  system  as  known  to  that  great 
astronomer,  exhibited  none  of  that  variety  of  constitution  which  we  recognize  at  the 
present  time. 

Hence  we  find  that  the  very  basis  of  Sir  William  Herschel's  system  of  star-gauging, 
the  plan  by  which  he  hoped  to  define  the  limits  of  the  sidereal  system,  consisted  in 
the  hypothesis  that  the  stars  are  suns,  comparable  inter  se  in  magnitude,  and  dis- 
tributed with  a  certain  general  uniformity  throughout  space. 

But  as  his  labors  progressed,  wc  find  Sir  William  Herschel  expressing  doubts  as  to 
the  justice  of  the  hypothesis  on  which  he  was  proceeding.  He  found  evidence  in  the 
star-jrronps  he  analyzed  that  processes  of  aggregation  and  segregation  had  been  at 
work,  tending  to  destroy  all  uniformity  of  distribution,  supposing  such  uniformity  had 
ever  existed  within  the  sidereal  system.  And,  again,  ne  recognized  the  existence, 
within  the  limits  of  that  system,  of  objects  altogether  different  in  their  constitution 
from  the  stars  or  suns.  His  wonderful  reasoning  powers  enabled  him  to  pronounce 
confidently  that  many  of  the  nebulae  are  gaseous,  or  consist  of  some  form  of  lumi- 
nous mist,  and  not  (as  he  judged  to  be  the  case  with  others)  of  stars  resembling 
our  sun.  He  even  went  so  far  as  to  assert  that  the  great  nebula  in  Orion  lies  nearer 
to  us  than  the  stars  seen  in  the  same  field  of  view.  In  other  respects  also,  he  ex- 
pressed doubts  as  to  the  justice  of  the  hypothesis  which  had  formed  the  basis  of  his 
earlier  researches. 

Hence  we  may  be  permitted  to  look  with  considerable  doubt  on  that  theory  of  the 
sidereal  system  which  has  been  regarded  by  many  as  exhibiting  the  positive  teach- 
ings of  Sir  William  Herschel  (see  Galaxy),  and  has  been  exhibited  with  more  or  less 
correctness  in  our  treatises  on  popular  astronomy. 

It  may  be  worth  inquiring  whether  we  ought  not  to  commence  by  investigating  the 
relations  presented  by  the  brighter  stars,  rather  than  pass  at  once  beyond  their  limits, 
and  consider  the  much  more  complicated  questions  suggested  by  the  millions  on  mil- 
lions of  stars  brought  into  view  by  the  telescope. 

It  is  clear  that,  if  the  general  principles  which  Sir  William  Herschel  adopted  as 
the  basis  of  his  researches  are  just,  we  might  fairly  expect  to  fiud  among  the  stars 
visible  to  the  naked  eye  a  certain  uniformity  of  distribution.  The  sphere  within 
which  such  stars  are  included  falls  far  within  the  limits  of  the  sidereal  system  as 
figured  under  the  form  of  a  cloven  disk  by  Sir  William  Herschel.  On  the  other  hand, 
it  is  extended  enough  and  contains  a  sufficient  number  of  stars  to  render  us  safe 
from  mistaking  arrangements  really  due  to  chance  distribution  for  the  signs  of  special 
laws  of  stellar  aggregation. 
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Now.  when  we  limit  our  attention  to  stars  of  the  first  six  orders,  we  detect  signs 
of  special  arrangement  far  too  marked  to  admit  of  being  disregarded.  Instead  of 
finding  the  lucid  stars  spread  with  a  general  uniformity  over  the  heavens,  we  find 
them  congregated  more  densely  in  certain  regions  than  in  others.  In  the  northern 
hemisphere  tne  lucid  stars  show  a  marked  preference  for  the  region  covered  by  the 
constellations  Cepheus,  Cassiopeia,  Lacerta,  and  Cygnus.  In  the  southern  heavens 
there  is  a  corresponding  but  much  larger  region,  even  richer  in  stars  thau  the  northern 
one.  It  covers  an  area  extending  some  forty  or  forty-five  degrees  on  all  sides  of  the 
greater  Magellanic  Cloud.  Within  these  regions  and  the  part  of  the  heavens  covered 
by  the  Milky  Way,  lucid  stars  are  distributed  on  the  average  three  times  as  richly 
as  over  the  rest  of  the  heavens. 

It  is  also  worthy  of  notice  that  the  southern  hemisphere  contains  about  1000  more 
stars  visible  to  the  naked  eye  than  the  northern. 

These  relations  lead  one  to  regard  the  hypothesis  of  uniform  distribution  as  untena- 
ble. If  it  be  abandoned,  all  the  results  which  have  been  founded  upon  it  must  be  aban- 
doned also.  In  other  words,  the  views  which  have  been  hitherto  adopted  respecting 
the  sidereal  system  must  be  regarded  as  at  the  least  unproved. 

In  viewing  the  sidereal  system,  independently  of  preconceived  opinions,  we  are  led 
to  pay  attentive  consideration  to  many  relations  which  might  otherwise  have  been 
regarded  as  accidental.  For  example,  while  the  stars  were  assumed  to  be  comparable, 
inter  se,  in  magnitude,  and  distributed  with  a  general  uniformity  throughout  space, 
it  was  unlikely  that  astronomers  would  look  for  any  signs  of  association  between  the 
lucid  stars  and  the  Milky  Way,  or  if  any  such  sigu  attracted  their  attention  for  a 
moment,  they  would  be  disposed  to  reject  at  once  the  thought  that  it  could  be  other- 
wise than  accidental.  Or  again,  if  traces  of  the  existence  of  star  streams  and  star 
clusterings  (of  considerable  extent)  were  recognized,  they  also  would  be  dismissed, 
as  resulting  from  mere  coincidences. 

But  when  once  the  whole  subject  is  regarded  as  one  that  requires  to  be  dealt  with 
de  novo,  these  and  corresponding  indications  become  all  important.  The  means  we 
have  of  solving  the  great  problem  are  so  few,  "  the  material  threads  out  of  which  a 
consistent  theory  of  the  universe  is  to  be  wrought  are  so  slight"  (to  use  the  words  of 
Sir  John  Herschel),  that  we  cannot  afford  to  lose  even  the  slenderest  clue  which  may 
serve  by  any  possibility  for  our  guidance. 

This  being  the  case,  the  attention  of  astronomers  cannot  be  too  urgently  invited  to 
the  consideration  of  the  various  features  of  the  heavens  which  may  be  regarded  as 
likely  to  prove  instructive.  There  are  many  branches  of  sidereal  astronomy  which 
have  as  yet  been  left  almost  wholly  untouched.  Researches  into  the  numerical  rela- 
tions observed  among  stars  of  various  orders,  a  careful  consideration  of  the  peculiari- 
ties of  proper  motion  observable  in  different  parts  of  the  heavens,  a  comparison  of 
the  spectra  of  stars  in  one  region  with  those  of  stars  seen  in  others,  a  careful  study 
of  the  relations  observed  among  colored  or  variable  stars ;  these,  and  a  multitude  of 
similar  subjects  of  inquiry,  open  a  wide  field  of  useful  and  profitable  labor  to  the 
astronomer. 

Amongst  the  results  which  have  followed  from  inquiries  of  this  sort,  the  following 
may  be  mentioned,  rather  as  an  encouragement  to  students  of  astronomy  to  pursue 
this  particular  line  of  research,  than  for  the  completeness  of  the  evidence  they  afford 
respecting  the  sidereal  system. 

The  nebulae  which,  while  the  old  theories  respecting  the  sidereal  system  were  un- 
questioned, came  naturally  to  be  regarded  as  external  systems  resembling  it  in  cha- 
racter, are  found  to  exhibit  peculiarities  of  distribution,  showing  that  they  probably 
fonnpart  and  parcel  of  the  sidereal  system.  (See  Nebulce.)  The  red  stars  are  found 
to  affect  the  neighborhood,  and  especially  the  borders  of  the  Milky  Way,  and  also  to 
lie  along  the  course  of  well-marked  star-streams.  In  the  distribution  of  the  variable 
stars,  a  similar  peculiarity  may  be  recognized.  When  the  proper  motions  of  the  stars 
are  mapped,  it  is  found  that  in  certain  regions  the  stars  are  travelling  collectively  in 
one  direction,  or  that  among  the  stars  covering  a  particular  part  of  the  heavens,  two 
or  three  orders  of  proper  motion  only  can  be  recognized.  (See  Stars,  Red  ;  Stars, 
Variable  ;  Proper  Motions  of  the  Stars.) 

Such  relations  as  these,  added  to  what  has  been  already  mentioned  respecting  the 
richer  aggregation  of  lucid  stars  in  certain  parts  of  the  heavens  than  in  others,  point 
to  the  conclusion  that  there  is  a  variety  of  structure  within  the  sidereal  system,  such 
as  has  not  hitherto  been  adequately  recognized.    If  we  regard  red  stars  or  variable 
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stars,  as  well  as  lucid  stars  generally,  as  associated  in  an  intimate  manner  with  the 
Milky  Way,  we  have  to  regard  that  stream  of  stars  as,  in  a  sense,  sui  generis.  Again, 
if  we  look  on  nebulae  as  belonging  to  the  sidereal  system,  we  are  compelled  to  recog- 
nize the  existence  of  objects  within  that  system  wholly  different  from  the  fixed  stars, 
whether  single  or  multiple ;  and,  lastly,  if  we  accept  the  view  that  whole  groups  of 
lucid  stars  are  travelling  collectively  through  space,  we  are  forced  to  recognize  not 
merely  the  present  existence  of  special  laws  of  association,  but  the  action  of  such  laws 
on  definite  regions  of  space  during  long  post  ages. 

But  the  question  further  suggests  itself  whether,  if  we  abandon  the  views  formed 
by  Sir  William  Herschel  respecting  the  sidereal  system,  we  must  not  with  them 
abandon  the  view  that  our  telescopes  are  powerful  enough  to  reach  the  limits  of  thai 
system.  What  is  the  evidence  we  have  that,  in  any  direction,  the  limits  of  the  side- 
real system  have  been  reached  ?  It  has  been  admitted  that  the  appearance  of  irre- 
solvable nebulosity  in  any  part  of  the  heavens  is  a  proof  that  there,  at  any  rate,  the 
limits  of  the  sidereal  system  lie  beyond  the  range  of  the  telescope  which  exhibits  such 
nebulosity.  On  the  other  hand,  when  the  stars  are  seen  separated  from  each  other 
on  a  black  background,  it  has  hitherto  been  assumed  without  question  that  the  limits 
of  the  system  have  been  reached.  Yet  we  have  clear  evidence,  in  the  appearance  of 
the  Magellanic  Clouds,  that  this  criterion  is  deceptive.  For  in  Sir  John  Herschel's 
twenty-feet  reflector  the  outer  parts  of  the  Magellanic  Clouds  were  found  to  be  quite 
irresolvable,  whereas  the  central  parts  were  clearly  resolved.  Now  it  cannot  for  a 
moment  be  supposed  that  the  difference  in  this  case  is  due  to  a  difference  in  the  extent 
and  distance  of  the  star-masses  under  examination.  It  is  perfectly  obvious  that  here, 
at  any  rate,  a  difference  of  constitution  is  in  question,  that  the  stars  forming  the  outer 
part  of  the  Magellanic  Cloud  cannot  be  regarded  as  belonging  to  a  stratum  extend- 
ing to  far  greater  distances  from  the  eye  than  those  forming  the  central  parts  of  the 
Nubecula.  It  will  be  well  to  recognize  the  consequences  which  flow  directly  from 
this.  What  is  proved  is,  that,  so  far  as  Sir  John  Herschel's  twenty-feet  reflector  is 
concerned,  irresolvable  nebulosity  in  any  direction  does  not  necessarily  signify  enor- 
mous extension  of  the  sidereal  system  in  that  direction.  But  doubt  is  thus  at  once 
thrown  on  corresponding  evidence  in  the  case  of  any  telescope ;  nor  is  there  any 
reason  for  limiting  the  influence  of  the  doubt  to  telescopic  vision ;  it  is  obvious  that 
what  is  true  of  the  telescope  is  true  of  the  naked  eye.  Hence  the  existence  of  nebu- 
lous light  in  any  part  of  tne  heavens,  as  seen  by  the  naked  eye,  is  no  proof  that  the 
stars  producing  tnat  light  form  a  stratum  of  enormous  extent  in  the  direction  of  the 
line  of  sight.  Thus  the  farthest  limits  of  the  galaxy  may  be  no  farther  from  us  than 
many  stars  separately  visible. 

For  the  present  it  would  seem  well  to  regard  the  constitution  of  the  sidereal  sys- 
tem as  an  unsolved  problem.  It  must  be  remembered  that  Sir  William  Herschel 
himself  expressed  doubts  as  to  the  justice  of  the  hypotheses  on  which  he  based  his 
views.  We  know,  further,  that  his  ideas  of  the  solar  system,  which  suggested  those 
hypotheses,  were  founded  on  inexact  knowledge.  Astronomy  has,  in  recent  years, 
exhibited  such  a  wonderful  variety  within  the  limits  of  the  solar  system,  as  to  force 
on  us  the  conclusion  that  if  the  solar  system  is  to  be  regarded  as  supplying  any  evi- 
dence at  all  respecting  the  constitution  of  the  sidereal  system,  that  evidence  points 
to  infinite  variety  of  constitution  rather  than  to  the  uniformity  imagined  by  Sir  Wil- 
liam Herschel.  So  that  we  need  not  be  surprised  should  it  eventually  appear  that 
besides  the  primary  suns,  there  exist,  within  the  limits  of  the  sidereal  scheme,  groups 
and  systems  of  suns,  whole  galaxies  of  minor  orbs,  clustering  stellar  aggregations  of 
every  variety  of  form,  richness,  and  distribution ;  all  the  various  forms  of  nebula:, 
circular,  elliptical,  and  spiral,  and  widely  extended  gaseous  masses  clinging  in  fan- 
tastic convolutions  around  stars  and  star  systems. 

Sidereal  Time.    See  Day. 

Sidereal  Tear.    See  Year. 

Siderite.    See  Quartz. 

Signs  of  the  Zodiac.    See  Zodiac. 

8 ilex.    The  old  name  for  silica. 

Silica.  The  chemical  name  of  qnartz,  which  see  for  its  properties  in  the  native 
state.  Silica  is  an  oxide  of  silicum,  its  formula  being  SiOr  As  prepared  artificially 
in  the  anhydrous  state  it  forms  a  white  powder,  insoluble  in  water,  and  in  all  acids 
except  hydrofluoric  acid.  It  dissolves,  nowever,  in  alkalies,  especially  on  heating ; 
it  requires  a  very  high  temperature  to  fuse  it,  but  melts  before  the  oxyhydrogen 
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blowpipe  to  a  transparent  glass.  When  heated  with  an  alkaline  carbonate  it  causes 
an  evolution  of  carbonic  acid,  and  melts  to  a  perfectly  transparent  glass.  When 
prepared  artificially  silica  unites  with  water  and  forms  a  gelatinous  hydrate  which 
is  much  more  soluble  than  anhydrous  silica,  and  by  dialyzing  a  solution  of  an  alka- 
line silicate  in  excess  of  hydrochloric  acid,  Graham  has  obtained  a  clear  solution 
of  silica  in  water.  In  this  manner  an  aqueous  solution  may  be  obtained  which,  by 
concentration,  contains  as  much  as  14  per  cent  of  silica ;  this  solution  is  tasteless 
and  colorless,  and  has  a  very  faint  acid  reaction.  The  addition  of  nmny  substances, 
such  as  carbonic  acid,  an  alkaline  or  earthy  carbonate,  etc.,  causes  it  to  coagulate ; 
when  evaporated  in  a  vacuum  over  oil  of  vitriol,  a  transparent  glassy  hydrate  is  left 
of  the  formula  SiOrH20 ;  other  hydrates  are  supposed  to  exist,  but  their  composi- 
tion is  uncertain,  as  the  water  appears  to  be  held  with  very  slight  affinity.  Hydrate 
of  silica  is  found  native  as  opal  and  also  as  a  white  chalky  deposit  Silica  possesses 
the  property  of  an  acid,  ana,  owing  to  its  being  non-volatile  at  a  very  high  tem- 
perature, it  displaces  most  of  the  other  acids  from  their  combinations ;  when  united 
with  bases  these  compounds  are  called  silicates  (which  see),  and  their  chemistry  is 
in  the  highest  degree  intricate.  Many  metallic  silicates  occur  abundantly  in  the 
mineral  kingdom,  forming,  in  fact,  the  greater  part  of  the  earth's  crust ;  they  are 
mostly  fusible,  and  are  all  insoluble  in  water  with  the  exception  of  the  alkaline 
silicates ;  they  are  all  decomposed  by  hydrofluoric  acid,  but  other  mineral  acids 
exert  very  various  solvent  powers  upon  them ;  they  may  all,  however,  be  rendered 
soluble  in  dilute  hydrochloric  acid  by  fusion  with  an  alkaline  carbonate,  carbonic 
acid  being  evolved ;  when  heated  with  a  fluoride,  and  strong  sulphuric  acid,  the  silica 
is  all  driven  off  in  the  form  of  gaseous  fluoride  of  silicon. 

Silicates. — Silicates  of  Aluminium. — Aluminium  forms  several  silicates  which 
are  met  with  in  nature.  The  following  are  the  most  important,  with  their  minera- 
logical  names  and  formulae,  omitting  the  water:  Collyrite  (Al203.Si02);  Staurolite 
(4Al208.3Si02) ;  Andalusite,  Kyanite,  and  Allophane  (Al2Os.Si02) ;  Porcelain 
Clay  from  Guttenberg  (2Al,03.3SiOv) ;  Kaolin  or  Porcelain  Clay,  most  varieties 
(AL03.28i02) ;  Porcelain  Clay  from  Passau  (4Al20.v9SiO.) ;  Cimolite  (2Al2Or 
9Si02).  There  are  a  great  many  other  silicates  of  alumina  which  are  probably  mix- 
tures of  various  definite  silicates.  The  large  family  of  clays  may  be  included  under 
this  head,  neglecting  the  iron,  lime,  etc.,  which  they  contain  in  variable  poropor- 
tions.  The  double  and  multiple  silicates  containing  more  than  one  metal,  and  the 
mixtures  of  silicates  with  borates,  aluminates,  titanates,  etc.,  are  too  numerous  to  be 
mentioned  in  detail. 

Silicate  of  Calcium. — Several  silicates  of  calcium  are  found  native ;  the  mono- 
silicate  (CaO.Si02)  is  known  under  the  name  of  Wollastonite  ;  the  sesquisilicate  is 
known  as  Oyroltte ;  the  disilicate  is  called  Okenite.  Silicate  of  calcium  can  be 
obtained  artificially  by  heating  mixtures  of  pounded  quartz  and  marble  to  bright 
redness.  Hydraulic  mortar  owes  its  property  of  hardening  under  water  to  silicate 
of  calcium,  and  for  this  purpose,  slaked  lime  is  mixed  with  bydrated  silica  or  minerals 
containing  silica  in  such  a  state  that  combination  will  take  place  between  the  silica 
and  the  lime  in  the  wet  way.  Quartz  or  sand  will  not  unite  chemically  with  lime, 
and  therefore  ordinary  mortar,  which  is  a  mixture  of  slaked  lime  and  sand,  owes 
none  of  its  properties  to  the  formation  of  silicate  of  lime,  but  hardens  simply  by 
drying,  and  by  absorption  of  carbonic  acid  from  the  atmosphere. 

Silicate  of  Copper. — Mono-silicate  of  copper  is  met  with  native,  as  dioptase 
(CuSiO,.H20),  and  as  chrysocolla  ;  the  former  is  of  an  emerald-green  color,  trans- 
parent, hard,  and  crystallized ;  the  latter  is  massive,  somewhat  soft,  semi-opaque, 
and  of  a  bluish-green  color. 

Silicate  of  Iron. — The  mineral  known  as  fayalite  or  iron  chrysolite  is  of  a  black, 
greenish,  or  brownish  color,  and  of  specific  gravity  4.1.  Composition,  2FeO.Si02 ; 
this  is  also  approximately  the  composition  of  some  of  the  slags  obtained  in  the  manu- 
facture of  iron. 

Silicate  of  Lead. — This  silicate  is  only  of  interest  in  combination  with  borate  of 
lead.  Faraday's  heavy  glass,  by  means  of  which  he  made  his  brilliant  experiments 
on  the  action  of  magnetism  on  light,  consists  of  a  boro-silicate  of  lead  which  he  pre- 
pared by  fusing  oxide  of  lead,  silica,  and  boracic  acid  together. 

Silicate  of  Potassium. — A  definite  silicate  can  only  be  prepared  by  fusing  to- 
gether the  atomic  proportions  of  silica  and  carbonate  of  potassium,  the  monosiltcate 
(KjO.SiO,)  is  then  produced  as  u  U apparent  glass,  which  is  deliquescent  in  the  air, 
SI 
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and  readily  soluble  in  water,  forming  an  alkaline  liquid.  By  increasing  the  propor- 
tion of  silica,  compounds  are  produced  which  are  not  deliquescent,  and  are  stil  solu- 
ble ;  thus,  by  heating  15  parts  of  silica  with  about  10  parts  of  pure  carbonate  of 
potash  to  bright  redness  for  some  hours,  a  tetrasilicate  (KjO.&iO,)  is  produced, 
which  is  met  with  in  commerce  under  the  name  of  water-qlas*.  This  compound  has 
the  appearance  of  ordinary  glass,  and  dissolves  slowly  but  completely  in  boiling 
water ;  the  solution  is  decomposed  by  all  acids  with  separation  oi  gelatinous  silica ; 
when  exposed  in  thin  layers  to  the  air,  it  dries  up  to  a  tough  glassy  film,  which  is 
gradually  decomposed  by  the  carbonic  acid  in  the  atmosphere,  leaving  the  silica 
behind  as  a  compact  insoluble  coating.  When  the  material  on  which  the  soluble 
glass  is  applied  exerts  a  chemical  action  upon  the  silicate  (as  when  it  contains  car- 
bonate of  lime  (chalk)  or  similar  substances),  decomposition  takes  place;  the  silica 
goes  to  the  earthy  base,  and  the  mass  gains  very  considerably  in  hardness.  A 
piece  of  chalk  treated  in  this  manner  becomes  as  hard  as  marble ;  on  this  account 
soluble  glass  (prepared  either  with  silicate  of  potash,  silicate  of  soda,  or  mixed  sili- 
cate of  the' two)  is  largely  used  as  a  hardening  material  for  building  stones.  When 
no  substance  is  present  in  the  stone  capable  of  decomposing  the  alkaline  silicate,  a 
wash  of  chloride  of  calcium  is  subsequently  given,  whereby  an  insoluble  calcium 
silicate  is  formed  which  fills  up  the  pores,  and  confers  hardness  and  power  of  resist- 
ing atmospheric  influences.  Alkaline  silicates,  together  with  silicates  of  calcium, 
lead,  and  other  metals,  form  the  several  varieties  of  glass.     (See  Glass.) 

Silicates  of  Sodium. — These  silicates  are  so  similar  to  the  potash  salts  that  the 
above  description  will  hold  good  for  them,  allowance  being  made  for  the  lower  atomic 
weight  of  sodium. 

Silicate  of  Zinc. — The  hydrated  silicate  is  found  native  under  the  name  of  sili- 
cious  calamine  or  zinc. 

Silicic  Acid.    Sec  Silica. 

Silicic  Ether.  The  researches  of  Ebelmen,  and  of  Friedel  and  Crafts,  have  re- 
sulted in  the  formation  of  numerous  compounds  of  silicic  acid  with  organic  radicals; 
amongst  these  we  will  only  mention  one  or  two  of  the  most  simple,  and  will  confine 
ourselves  to  the  ethers  of  ordinary  alcohol.  Tetrethylic  silicate  ((C2HJ4SiOJ,  a 
colorless  liquid  of  ethereal  odor  and  peppery  taste,  specific  gravity  0.933,  which 
boils  at  165°  C.  (329°  F.).  It  burns  with  a  dazzling  wnite  flame,  diffusing  a  thick 
smoke  of  silica ;  water  gradually  decomposes  it,  with  separation  of  gelatinous  silica. 

Diethylic  silicate  ((C.,H5),Si03)  is  a  colorless  liquid  heavier  than  water,  boiling 
at  350°  C.  (662°  F.) ;  it  is  decomposed  by  water.  Moist  air  causes  it  gradually  to 
solidify  to  a  transparent  mass,  which  in  a  month  or  two  becomes  hard  enough  to 
scratch  glass. 

Silicinretted  Hydrogen.    The  same  as  Hydride  of  Silicon  (q.  v.). 

Silicon,  or  Silicium.  An  element  which  forms  the  basis  of  silica.  It  is  obtained 
in  the  free  state  with  great  difficulty.  Atomic  weight,  28 ;  Symbol,  Si.  It  exists 
in  three  different  conditions — 1.  Amorphous,  as  a  dull  brown  powder,  insoluble  in 
water ;  2.  Graphitoidal,  obtained  by  heating  amorphous  silicon  to  a  high  tempera- 
ture out  of  contact  with  air.  Wohler  has  obtained  it  by  another  process  in  crys- 
tals ;  3.  Crystalline,  or  adamantine,  in  which  state  it  has  the  form  of  long  needle- 
shaped  crystals,  having  a  dark  iron-gray  color,  and  exhibiting  iridescence  like  that 
of  iron  glance.  At  a  temperature  near  the  melting  point  of  cast  iron,  silicon  melts, 
and  may  be  cast  in  a  mould ;  the  castings  have  a  brilliant  surface,  and  are  not 
altered  by  exposure  to  the  air.  The  principal  compounds  of  silicon  are  as  follows : 
Fluoride  of  silicon  (SiF4)  is  a  gas  wnich  is  formed  by  the  action  of  hydro-fluoric 
acid  on  silica ;  it  is  colorless,  and  has  a  specific  gravity  of  3.6 ;  it  fumes  strongly  in 
the  air,  and  is  instantly  decomposed  by  water  into  silica  and  silico-fluoric  acid,  bili- 
co-fluoric  acid  (Si2H,F6)  is  the  result  of  the  action  of  water  on  fluoride  of  silicon. 
It  is  a  very  acid  liquid,  which  fumes  in  the  air  and  attacks  metals,  dissolving  their 
oxides  with  formation  of  cilico-fluorides.  The  only  silico-fluoride  which  need  be 
mentioned  is  the  potassium  salt,  which  is  remarkable  for  its  great  insolubility  in 
water,  one  part  requiring  833  parts  of  cold  water  to  dissolve  it.  As  the  ammonium, 
lithium,  and  sodium  salts  are  tolerably  soluble,  a  solution  of  silico-fluoric  acid  is  of 
considerable  use  in  the  laboratory  as  a  test  for  potassium  salts.  Hydride  of  silicon 
is  a  colorless  gas  insoluble  in  water,  and  remarkable  for  being  spontaneously  inflam- 
mable ;  bubbles  of  it.  on  being  allowed  to  rise  through  water,  ignite  at  the  surface 

ith  a  brilliantly  luminous  flame,  evolving  a  smoke  of  silica.    Its  composition  is  SiHr 
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Oxides  of  silicon. — Silicon  forms  three  oxides,  only  one  of  which  is  anhydrous ;  this 
is  the  dioxide  or  silica  SiO-  (which  see) ;  the  others  are  only  known  in  combination 
with  water ;  their  names  and  formulas  are  all  that  need  be  said  about  them :  they 
are  Leucone  (3Si0.2H20)  and  Chryseone  (Si40.2H,0). 

Silico-Fluoric  Acid.    See  Silicon. 

Silicon,  Hydride  of.    See  Silicon. 

Silver.  A  brilliantly-white  metal  which  was  known  to  the  ancients.  Atomic 
weight,  108.  Symbol,  Ag,  from  the  Latin  Argentum.  Specific  gravity,  10.5.  It 
crystallizes  in  cubes.  It  melts  at  a  heat  estimated  at  about  1000°  F.  When  melted 
it  absorbs  oxygen,  and  just  before  solidifying  it  evolves  it  with  effervescence,  caus- 
ing spirting  and  projection  of  the  metal.  It  is  the  best  known  conductor  of  elec- 
tricity and  heat ;  its  specific  heat  is  0.057 ;  it  is  extremely  malleable  and  ductile, 
and  has  great  tenacity ;  it  is  not  oxidized  at  the  ordinary  temperature,  and  is  unaf- 
fected by  any  atmospheric  agent,  except  sulphur  compounds,  which  are  sometimes 
present.  It  is  found  either  in  the  native  state,  or  as  sulphide  or  chloride.  It  also 
occurs  in  small  quantities  in  galena,  gray-copper  ore,  pyrites,  and  other  minerals, 
and  frequently  in  sufficient  quantity  to  pay  for  extraction.  It  is  usually  produced 
on  the  large  scale  by  fusing  its  ore  with  a  lead  compound,  and  then  cupelling  (see 
Cupellation),  or  by  amalgamation  with  mercury.  It  is  also  sometimes  extracted  in 
the  wet  way  as  chloride  and  sulphate.  The  principal  compounds  of  silver  which 
require  notice  are  the  following : — 

Chloride  of  Silver  occurs  native  as  horn  stiver  in  waxy  masses,  possessing  a  spe- 
cific gravity  of  9.4  and  of  a  pearl  gray  color  when  freshly  cut,  turning  brown  on 
exposure  to  light.  Its  composition  is  AgCl.  It  is  insoluble  in  water,  and  may  be 
formed  artificially  by  adding  a  soluble  chloride  to  a  solution  of  nitrate  of  silver.  In 
this  condition  it  dissolves  easily  in  ammonia,  in  hyposulphite  of  6oda,  and  in  cyanide 
of  potassium,  but  is  insoluble  in  most  other  solutions.  It  melts  at  about  260°  C. 
(500°  F.)  to  a  thin  yellowish  liquid,  solidifying  to  a  horny  mass.  It  is  reduced  to 
the  metallic  state  by  zinc  or  iron  in  the  presence  of  water.  Freshly  precipitated 
chloride  of  silver  is  of  a  pure  white  color,  but  it  quickly  acquires  a  dark,  grayish- 
violet  tint  on  exposure  to  light,  more  rapidly  if  free  nitrate  of  silver  is  present. 
This  reaction  forms  the  basis  of  several  photographic  processes.    (See  Photography.) 

Iodide  of  Silver  (Agl)  is  occasionally  found  native  as  iodargyrite  in  hexagonal 
crystals  of  a  yellowish-green  color.  It  may  be  prepared  artificially  by  adding  a 
soluble  iodide  to  a  solution  of  nitrate  of  silver ;  it  then  falls  down  as  an  insoluble 
primrose-yellow  precipitate,  which,  in  the  presence  of  nitrate  of  silver,  is  colored 
deep  greenish-gray  on  exposure  to  light.  Many  reducing  agents  which  have  no 
action  on  iodide  of  silver  before  it  is  exposed  to  light  will  readily  reduce  it  to  the 
metallic  state  if  it  has  been  exposed  for  a  very  few  seconds  only  to  daylight.  Sev- 
eral photographic  processes  are  based  upon  this  reaction.  Iodide  of  silver  is  insolu- 
ble in  water  and  dilute  acids,  and  almost  so  in  ammonia ;  it  dissolves  in  concentrated 
solution  of  iodide  of  potassium,  in  hyposulphite  of  sodium  and  cyanide  of  potassium. 

Oxide  of  Silver.  The  principal  oxide  is  the  protoxide  (AgaO),  which  is  a  dark 
brown  powder,  very  slightly  soluble  in  water,  but  sufficiently  so  to  communicate  to 
it  an  alkaline  reaction ;  it  is  easily  reduced  to  the  metallic  state  by  substances  which 
absorb  oxygen  ;  many  substances,  such  as  creosote,  taking  fire  when  dropped  upon 
it.  Oxide  of  silver,  is  a  powerful  base,  neutralizing  acids  and  forming  with  them 
well  defined  salts.  They  are  for  the  most  part  insoluble  or  sparingly  soluble  in  water, 
although  the  nitrate,  chlorate,  per-cblorate,  fluoride,  and  some  organic  salts  are 
soluble.  The  most  important  salts  of  silver  will  be  mentioned  under  the  respective 
acids. 

Silver  Assay.    See  Cupellation. 

Silvered  Mirrors.  A  method  of  depositing  a  brilliant  coating  of  metallic  silver 
on  glass  has  been  devised  by  Liebig.  The  process  is  of  great  use  in  physical  experi- 
ments, as  the  reflecting  surface  is  on  the  outside  of  the  glass,  and  the  light  does  not, 
therefore,  suffer  modification  in  passing  twice  through  the  thickness  of  glass.  More- 
over, the  glass,  as  it  acts  merely  as  a  support  for  the  silver  surface,  need  only  be 
worked  true  on  the  side  which  receives  the  silver,  and  veins  and  striae  in  its  substance 
do  not  interfere.  This  plan  of  silvering  glass  is  largely  used  in  the  manufacture  of 
specula  for  reflecting  telescopes,  as  disks  of  glass  can  be  prepared  and  worked  to  a 
parabolic  surface  on  one  side  at  considerably  less  expense  than  would  attend  the 
production  of  mirrors  of  speculum  metal.    Many  modifications  of  Liebig's  original 
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process  have  been  published ;  the  most  successful  appears  to  be  the  one  by  which 
Mr.  Browning  prepares  his  reflecting  glass  mirrors.  It  is  given  in  the  Chemical 
News,  vol.  xix.,  p.  12. 

Silver.  Fulminating.    See  Fvlminic  Acid. 

Sine  Compass.    A  not  very  appropriate  name  for  the  sine  galvanometer  (q.  v.). 

Sine  Galvanometer.  An  instrument  used,  but  not  very  frequently,  for  measur- 
ing the  strength  of  electric  currents.  Its  construction  is  much  the  same  as  that  of 
the  tangent  galvanometer — namely,  a  small  magnetic  needle,  turning  in  a  horizontal 
plane,  at  the  centre  of  a  large  vertical  coil  of  pretty  thick  wire ;  but  in  the  sine  gal- 
vanometer, the  coil  of  wire  is  made  movable  round  a  vertical  axis,  which  passes 
through  the  point  of  support  of  the  needle.  To  use  the  instrument,  it  is  placed  so 
that  the  needle,  when  pointing  to  zero  on  a  scale  beneath  it,  is  in  the  magnetic 
meridian,  and  the  plane  which  contains  the  coil  also  approximately  in  the  plane  of 
the  magnetic  meridian.  When  the  current  passes,  the  needle  tends  to  set  at  right 
angles  to  this  plane,  and  takes  a  position  depending  upon  the  earth's  directive  force, 
and  the  strength  of  the  current.  The  coil  of  wire  is  then  turned  round  its  vertical 
axis  till  its  plane  coincides  with  the  magnetic  axis  of  the  needle.  When  this  is  the 
case,  the  angle  made  by  the  needle  with  the  plane  of  the  magnetic  meridian  is  read 
off,  and  it  is  easily  provable  that  the  strengtn  of  the  current  is  proportional  to  the 
sine  of  this  angle. 

Singing  Flames.  When  a  small  flame  of  hydrogen  is  caused  to  burn  within  a 
tube,  a  musical  note  is  produced  which  continues  so  long  as  the  flame  remains  ignited. 
This  fact  was  discovered  by  Dr.  Huggins  in  1777.  It  formed  the  starting  point  of 
many  subsequent  investigations  which  have  finally  given  rise  to  the  so-called  singing 
or  musical  flames.  De  Luc,  Chladni,  Brugnatelli,  Pictet,  De  La  Bive,  Faraday, 
Count  Schaffgotsch,  Bijke  and  Tyndall  have  all  worked  at  and  more  or  less  enriched 
this  subject.  Pictet  and  De  La  Bive  believed  the  sounds  to  be  due  to  pulses  pro- 
duced by  the  alternate  expansion  and  contraction  of  the  aqueous  vapor  produced  by 
the  combustion  of  the  hydrogen.  Faraday  showed  that  this  explanation  was  incor- 
rect, by  obtaining  similar  notes  from  the  flame  of  carbonic  oxide,  which  yields  no 
water  on  combustion ;  he  went  further  and  proved  that  any  combustible  gas,  when 
burning  within  a  tube,  could  be  made  to  emit  musical  notes  with  more  or  less  ease; 
for  example,  ordinary  coal-gas  answers  admirably.  Thus  he  abolished  the  restricted 
term  "  hydrogen  harmonicon,"  by  which  these  effects  were  hitherto  known.  The 
cause  of  the  sounds  was  attributed  by  Faraday  to  a  rapid  vibration  of  the  flame 
produced  by  successive  explosions  of  the  burning  gas.  He  showed  that  feeble  and 
rapid  explosion  always  attended  the  combustion  of  gas.  Ordinarily  unheard,  or 
heard  but  slightly,  these  feeble  noises  rise  to  the  dignity  of  a  musical  note  when 
strengthened  by  the  resonance  of  the  tube  placed  over  the  flame.  Hence  the  length 
of  the  tube  determines  the  pitch  of  the  note  given  by  the  flame.  In  fact,  we  may 
look  upon  a  singing  flame  as  similar  to  an  organ  pipe.  The  noise  of  the  burning  gas 
has  its  analogue  in  the  whistling  of  the  air  through  the  embouchure  of  the  organ 
pipe.  And  just  as  the  vibrating  column  of  air  within  the  little  singing  tube  reacts 
upon  the  jet  of  gas,  causing  it  to  vibrato  in  unison  with  itself  (as  may  be  proved  by 
a  moving  mirror),  so,  no  doubt,  the  air  within  the  organ  pipe  urges  the  vibration  at 
the  embouchure  to  synchronize  with  itself,  augmentation  of  sound  being  the  result 
in  both  cases. 

Single  Microsoope.    See  Microscope. 

Single  Tonch.  A  technical  term  employed  in  practical  magnetism  to  denote  a 
method  of  magnetization.  It  is  the  very  simplest  possible  method,  and  consists  in 
stroking  a  bar  to  be  magnetized  always  in  the  same  direction  with  one  pole  of  a 
powerful  magnet,  turning  it  over  and  stroking  it  again  still  in  the  same  direction. 

Sinnosities.  The  rate  at  which  a  tuning-fork  or  other  sonorous  body  is  vibrating 
may  be  examined  by  means  of  combining  the  vibratory  motion  of  the  fork  with  a 
continuous  motion  in  another  direction,  most  advantageously  at  right  angles  to  the 
direction  of  vibration.  A  simple  means  of  illustrating  this  method  is  to  fasten  a 
little  pointed  steel  spring  to  one  limb  of  a  tuning  fork,  and,  when  it  is  in  vibration 
to  draw  over  the  point  a  smoked  glass  plate  in  a  direction  perpendicular  to  that  of 
vibration.  A  wave  line  or  sinuosity  will  be  thereby  scratched  on  the  glass.  The 
amplitude  of  the  point's  vibration  will  be  the  distance  from  hill  to  valley  of  the  wave 
line ;  and  if  the  motion  of  the  glass  be  uniform,  the  number  of  hills  and  valleys  in 
the  sinuosity  in  a  given  length  will  vary  with  the  rate  of  vibration — that  is,  the 
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pitch  of  the  note.  A  given  fork  may,  in  this  manner,  be  compared  with  a  standard 
fork.  The  two  are  set  up  side  by  side,  and,  being  each  provided  with  graphic  points, 
and  set  in  vibration,  the  blackened  plate  is  drawn  across  both.  The  rate  of  the 
plate's  motion  is  now  the  same  in  both,  so  that  the  numbers  of  hills  and  valleys  in  the 
same  length  of  the  two  sinuosities  are  in  the  same  proportion  as  the  pitches  of  the  two 
notes.  In  order  to  measure  the  absolute  number  of  vibrations  in  a  given  time,  the 
blackened  surface  must  either  be  made  to  move  across  the  point  at  a  uniform  and 
known  rate,  or  marks  must  be  made  upon  the  surface  at  uniform  intervals  of  time. 
The  "  phonautograph"  of  Ktfnig  is  a  contrivance  in  which  the  latter  method  is 
adopted.  A  cylindrical  metal  drum  can  be  turned  by  a  handle  on  its  axis,  which  is 
a  screw  working  into  its  support,  so  that  when  the  handle  is  turned,  the  cylinder  not 
only  turns  round  but  advances.  Hence  when  a  fixed  point  is  held  against  the  cyl- 
inder, a  spiral  scratch  will  be  formed,  the  development  of  which,  on  a  plane,  being  a 
series  of  parallel  straight  lines.  This  cylinder  is  covered  closely  witn  a  sheet  of 
glazed  paper,  which  is  then  blackened  over  a  smoky  flame.  A  fragment  of  feather 
is  fastened  to  the  end  of  the  fork  which  is  being  tested,  and  the  fork  is  fastened  in 
a  horizontal  position,  so  that  the  feather  just  touches  the  cylinder.  Side  by  side 
with  the  fork  is  another  feather,  which  is  in  such  connection  with  a  clock  having  a 
seconds'  pendulum,  that  at  every  second  the  feather  is  brought  into  momentary  con- 
tact with  the  cylinder.  This  is  effected  by  making  the  pendulum  of  the  clock  at 
each  oscillation  complete  a  galvanic  circuit,  which  creates  an  electro-magnet  near 
the  bent  short  arm  of  the  lever  upon  which  the  second  feather  is  placed.  The  clock 
being  set  going,  and  the  fork  being  made  to  vibrate,  the  handle  of  the  cylinder  is 
turned.  The  feather  on  the  fork  gives  rise  to  a  sinuous  line,  while  the  feather  in 
connection  with  the  clock  gives  a  series  of  dots  side  by  side  with  the  sinuosity.  Since 
these  dots  are  made  at  intervals  of  a  second  of  time,  the  number  of  sinuosities  in  the 
line  between  two  dots  gives  the  rate  of  vibration  of  the  fork  per  second. 

Siphon,  or  Syphon.  In  its  simplest  form  is  merely  a  tube  open  at  both  ends,  and 
bent  at  an  angle  of  about  45°  C.  near  its  centre.  If  such  a  tube  be  filled  with  water, 
its  two  ends  closed  and  inverted,  so  that  one  end  is  in  a  basin  of  water,  and  so  that 
the  surface  of  water  in  the  basin  is  at  a  higher  level  than  the  end  of  the  tube  outside, 
which  may  be  called  the  longer  limb,  the  water  will  rise  in  the  shorter  limb,  pass  the 
bend  and  fall  down  the  longer  limb,  so  as  to  empty  the  basin,  or  at  all  events,  bring 
the  surface  of  the  water  in  it  to  the  same  level  as  that  of  the  end  of  the  longer  limb. 
The  action  of  the  syphon  may  be  compared  to  that  of  a  chain  placed  over  a  fixed 
pulley  which  turns  with  little  friction,  tne  chain  being  heaped  at  each  end  on  a  plat- 
form. If  the  two  platforms  are  of  the  same  height  from  tne  ground,  it  is  clear  that 
the  two  portions  on  each  side  of  the  pulley  will  balance  one  another ;  but  if  one 
platform  is  lower  than  the  other,  the  longer  part  will  outweigh  the  shorter,  and  the 
chain  passing  round  the  pulley  will  heap  itself  on  the  lower  stage.  In  this  illustra- 
tion it  is  the  tension  of  the  chain  which  Keeps  it  from  breaking.  In  the  case  of  the 
syphon,  we  have  a  longer  column  of  liquid  outweighing  a  shorter  one.  The  column 
is  maintained  entire  or  continuous  by  the  equal  pressure  of  the  air  on  both  open  ends 
of  the  tube.  These  pressures,  being  equal  and  opposite,  will  not  interfere  with  the  mo- 
tion. The  latter  is  brought  about  by  a  force  equal  to  the  weight  of  a  column  of 
water,  whose  height  is  equal  to  the  difference  between  the  vertical  distance  from  the 
surface  of  water  in  the  basin  to  the  top  of  the  syphon,  and  the  distance  from  the 
open  outer  opening  to  the  top  of  the  syphon.  For  it  is  clear,  1st,  that  the  effort  of 
the  water  in  the  shorter  end,  as  far  as  tne  surface  of  the  liquid  in  the  basin,  is  neu- 
tralized by  the  pressure  of  the  Water  in  the  basin ;  and,  2d,  that  the  column  of  water 
in  the  shorter  limb  is  counteracted  by  that  in  an  equal  length  of  the  longer  one.  By 
means  of  a  syphon  it  is  impossible  to  raise  water  more  than  32  feet,  because  if  a 
tube  of  such  dimensions  be  filled  with  and  inserted  into  water,  then  the  top  of  the 
arch  is  more  than  that  distance  above  the  surface  of  the  water,  the  atmosphere  will 
no  longer  be  able  to  support  either  column,  and  they  will  separate  at  the  top.  Sy- 
phons which  are  used  for  decanting  acids,  spirits,  etc.,  are  usually  provided  with  a 
cock  near  the  end  of  the  longer  limb,  immediately  above  which  is  a  tube  opening 
into  the  longer  limb,  and  being  parallel  therewith,  this  tube  is  open  at  the  top.  The 
shorter  limb  being  placed  in  the  liquid,  the  cock  is  turned  off,  and  the  air  is  sucked 
out  of  the  auxiliary  tube.  The  air  then  forces  the  liquid  up  past  the  bend  and  down 
the  longer  limb.    At  the  moment  it  begins  to  enter  tne  auxiliary  tube  the  mouth  is 
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withdrawn  therefrom,  *iA  the  cock  at  the  bottom  of  the  k-cger  limb  if  opmed.  By 
tbi*  mean*  no  liquid  u  ipQ^d.  and  there  ii  no  danger  of  any  entering  tie  moatk. 

Sipbdn  Barometer.    See  Baf/mder. 

SirilH.  (luffof,  icorehing.)  Tbe  star  •  in  tbe  rowlHUtioo  Cask  Major.  Piriui 
is  the  brightest  star  in  the  heavens.  It  was  described  by  Seneca  as  resembling  Man 
in  redness,  and  bj  Plolemv  u  similar  In  color  to  Antares.  a  noted  ml  star  fq.  v.). 
Aratus  oms  the  term  mutMf.  which,  boweier.  according  to  the  usage  of  the  ancients, 
n«*d  not  be  intended  to  express  color.  Tbe  change  of  color,  if  establahed  bv  tbe 
evidence,  is  a  phenomenon  of  tbe  most  remarkable  character.  It  mar  be.  perhaps, 
aj*ociated  with  the  change  of  position  of  this  brilliant  star.  Ruddiness  is  a  com- 
mon characteristic  of  state  near  the  Milkv  Way.  and  Sirios  not  hare  travelled 
■evi-ral  billioni  of  mile*  from  the  neighborhood  of  the  Milky  Way  since  tbe  time  of 


hot  wind  blowing  from  tbe  African  desert  acmes  Sicily 


Seme 

Sirocco.    The 
and  South  Italy,  sometimes 
""'        '   coming  from  a  rail 

tcjntred  moist  ore  from  the  Mediterranean.     It  caasea  a  feeling-  of  intern* 
weak  m-ss  and  depression. 

Skat     (Arabic.)     The  star  S  of  the  constellation  Aqnarii. 

Sky  Polaxixatinii  ot    See  P>Aarization  of  the  Sky. 

Sleet.     Snow  which  has  become  half  melted  while  in  the  act  of  falling'. 

Slide  Valve.  A  contrivance  for  alternately  opening  and  closing  the  passages  by 
means  of  which  the  steam  can  enter  and  leave  the  cylinder  of  a  steam-engine.  \ariona 
form*  of  slide  valve  are  used,  bnt  the;  differ  one  from  another  bnt  little  in  the  prin- 
ciple of  their  action.  The  three-ported  tlide  valve  consists  of  a  box  with  three 
apertures  or  ports,  A  B,  and  C.  A  communicates  with  the  top  of  tbe  cylinder,  C 
with  the  bottom,  and  B  with  tbe  condensing  apparatus,  or,  in  the  case  of  high-pres- 
Kure  engines,  leads  into  the  air.  The  lid  of  this  boi  is  capable  of  sliding  over  it.  and 
is  hollowed  on  the  inner  side.  It  is  not  large  enough  to  cover  all  the  three  ports, 
but  only  two  of  them.  When  the  lid  is  over  A  and  B,  tbe  steam  from  A  can  pass 
away  from  the  cylinder  through  B,  and  at  the  same  time  C  will  be  in  communication 
with  the  boiler.  When  the  slide  descends,  the  passage  of  the  steam  through  C  into 
the  cylinder  will  be  cut  off.  and  that  through  A  opened,  and  at  the  same  time,  com- 
munication between  C  and  B  wilt  be  established.  The  steam  will  then  enter  by  A 
above  the  piston,  and  pass  out  by  C  from  below.  By  lengthening  the  foot  of  the 
slide,  the  steam  can  be  cut  off  from  one  part  before  it  is  let  into  the  other.  Another 
form  of  slide  valve  is  termed,  from  its  shape,  the  D  valve. 

Smalt.  A  blue  pigment  prepared  by  melting  together  cobalt  ores,  potash,  and 
silica  so  as  to  form  a  glass  of  the  composition  of  double  silicate  of  potassium  and 
cobalt    It  is  reduced  to  a  minute  state  of  division  by  levigation. 

Smew's  Galvanic  Battery  is  made  np  of  cells  (Figs.  115, 116),  each  of  which 
consists  of  a  thin  plate  of  silver,  covered  over  with  finely-divided  platinnm,  and 


Fig.  115. 


Fig.116. 


facing  it  on  ench  side  a  plate  of  amalgamated  sine  (that  is,  line  coated  with  mer- 
cury by  dipping  in  dilute  acid  and  then  rubbing  the  surface  with  mercury),  insulated 
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Fig.  117. 


from  the  platinized  silver,  bat  connected  together  metallically.  A  binding  screw  is 
attached  to  the  platinized  silver  plate,  and  another  to  the  zinc  plates.  The  pair, 
thus  arranged,  is  placed  in  dilute  sulphuric  acid.  The  terminal  connected  with  the 
silver  plate  is  positively  electrified,  ttiat  connected  with  the  zinc  negatively.  In  this 
battery  deposition  of  hydrogen  on  the  plate  not  acted  upon  by  the  liquid,  which, 
when  permitted,  gives  rise  to  diminution  of  the  current,  is  prevented  mechanically. 
The  ruffled  surface  which  is  presented  by  the  silver  plate  covered  with  very  finely-di- 
vided platinum  has  but  little  adhesion  for  the  gas,  which  therefore  rises  to  the  surface 
as  soon  as  it  is  generated. 

Snow.  The  frozen  water  which  falls  instead  of  rain  when  the  temperature  is 
below  the  freezing  point.  The  ultimate  constituents  of  snow  are  tiny,  six-pointed 
crystals  of  ice.  They  assume  in  combination 
a  thousand  different  figures  (Fig.  117),  all  ex- 
ceedingly beautiful.  Scoresby,  Glaisher,  Lowe, 
and  others  have  described  and  figured  about 
that  number  of  varieties,  though  doubtless 
there  are  many  more.  (Professor  Tyndall  has 
shown,  further,  that  the  ultimate  particles  of 
ice  are  also  these  six-pointed  stars.)  The  white 
color  of  snow  is  caused  by  the  commingling  of 
rays  of  all  the  prismatic  colors  from  the  minute 
snow  crystals.  Separately,  the  crystals  ex- 
hibit different  colors. 

Snow  is  usually  from  ten  to  twelve  times  as 
light  as  water,  bulk  for  bulk ;  so  that  where  the 
snow  falls  pretty  evenly,  the  corresponding 
rainfall  is  readily  determined  by  merely  mea- 
suring the  depth  of  snow  and  taking  one-tenth 
of  the  result.  The  more  accurate  plan,  how- 
ever, is  to  thrust  the  open  end  of  a  cylindrical 
vessel  into  the  snow,  inverting  the  cylinder,  and 
then  melting  the  snow  in  it. 

Snow  plays  an  important  part  in  the  eco- 
nomy of  nature.  In  the  first  place,  the  mere 
transformation  of  the  water  particles  into  ice 
is  a  process  during  which  a  large  amount  of 
heat  is  given  out ;  so  that  we  may  regard  the 
formation  of  snow  as  a  process  tending  to 
render  the  air  currents  warmer  than  they  would 
otherwise  be.  Then  when  the  *now  has  fallen  it  serves  to  protect  the  ground,  for 
owing  to  its  loose  texture,  it  is  a  bad  conductor  of  heat ;  so  that,  while  checking  the 
radiation  of  heat  from  the  earth  into  space,  it  does  not  draw  off  the  earth's  heat  by 
conduction.  The  ground  is  thus  often  23°  to  30°  warmer  than  the  surface  of  the 
snow  above,  and  sometimes  the  difference  of  temperature  has  been  more  than  40°. 

Red  snow  and  green  snow  have  been  met  with,  more  commonly  in  Arctic  regions, 
but  also  in  other  parts  of  the  world.  These  colors  are  caused  by  the  presence  of 
minute  organisms — a  species  of  alga  called  Protococcus  nivalis. 

Snow-line.  The  line  of  mountain  slopes  below  which  all  the  snow  which  falls  in 
the  year  melts  during  the  summer.  Above  the  snow-line,  therefore,  lies  the  region 
of  perpetual  snow.  The  altitude  of  the  snow-line  depends  on  a  variety  of  conditions. 
The  latitude  of  a  mountain  range  is,  of  course,  important  in  determining  the  posi- 
tion of  the  snow-line,  but  many  other  circumstances  have  to  be  considered,  as  the 
shape  and  slope  of  the  mountain,  the  aspect  of  either  side  of  the  range,  the  cha- 
racter of  the  surrounding  country,  the  prevalent  winds,  and  so  on.     (See  Climate.) 

The  following  table,  showing  the  observed  height  of  the  snow-line  in  feet  above 
the  sea  level  in  different  places,  is  taken  from  Buchan's  excellent  "  Handy  Book  of 
Meteorology :" — 
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Place. 

Latitude. 

Height. 

Place. 

Latitude. 

Height. 

Spitsbergen   . 

78°    N. 

0 

8onth  Himalaya   . 
Abyssinian   Mountains 

28 

16,600 

Bulitelma,  Sweden 

67    6> 

8,836 

18 

14,066 

Kamtchatka  . 

69    SO 

6,249 

Purace  .... 

2    84' 

16,881 

Uualaschta    . 

66    30 

8,610 

Nevades  of  Quito . 

0 

16.820 

Altai      .... 

60 

7,034 

Arequipa,  Bolirla 

16    8. 

17,717 

Alps       .... 

46 

8,886 

Paachata,  Bolirla 

18 

12,079 

Caucasus 

43 

11,063 

Portillo,  Chili       . 

S3 

14,713 

Pyrenees 

42    46 

8,960 

Cordilleras,  Chili . 

42    SO 

6.010 

Rocky  Mono  tai  ns . 

43 

12,467 

Magellan  Strait     . 

63    80 

8,707 

Worth  Himalaya   . 

29°    N. 

19,660 

(See  further  Humboldt's  Fragmens  Asiatiques,  and  the  Anneles  de  Chimie,  torn, 
xiv.) 

Soap.  Combinations  of  the  alkalies  potash  and  soda  with  fatty  acids,  such  as 
oleic,  margaric,  stearic  acids,  are  what  are  usually  called  soaps,  but  the  term  is  fre- 
quently extended  to  the  fatty  salts  of  other  bases :  thus  oleate  of  lead,  or  lead 
plaster,  is  called  lead  soap,  and  the  chemist  speaks  of  copper  soap,  lime  soap,  zinc 
soap,  etc.  Potash  soaps  are  usually  deliquescent  and  soft,  and  are  known  commer- 
cially as  soft  soap,  whilst  soda  salts  of  fatty  acids  are  hard,  solid,  and  permanent  in 
the  air,  and  are  known  as  hard  soap.  Soap  is  perfectly  soluble  in  hot  water,  but  is 
insoluble  in  a  dilute  solution  of  common  salt,  and  this  reaction  is  frequently  made 
use  of  in  manufactures.  Ordinary  hard  soap  consists  of  a  mixture  of  oleate,  palmi- 
tate,  and  stearate  of  soda.  When  mixed  with  water  it  is  decomposed  into  an  acid 
salt,  which  precipitates  as  a  turbidity  (soap  suds)  and  alkali,  which  dissolves.  It  is 
partly  to  this  alkali  that  the  detergent  action  of  common  soap  is  due.  The  blue 
mottled  appearance  of  some  common  soaps  is  due  to  the  presence  of  iron  or  copper 
soap  which  agglomerates  in  veins.  Marine  soap  is  produced  by  the  saponification 
of  cocoa-nut  oil.  This  is  soluble  in  dilute  solution  of  salt,  and  is  therefore  applicable 
for  use  in  sea  water.  Yellow  soap  contains  resin  soap  mixed  with  ordinary  tallow 
soap.  Mr.  Gossage  has  successfully  applied  silicate  of  sodium  as  an  adjunct  to  true 
soap.  As  this  possesses  considerable  detergent  properties,  it  is  a  valuable  addition, 
as  it  enables  the  price  to  be  reduced  without  injuring  the  quality.  (See  Saponifi- 
cation.) 

Soda.    See  Sodiun. 

Sodammonium.    See  Sodium. 

Sodium.  A  metallic  element  belonging  to  the  alkali  group,  and  bearing  great 
resemblance  to  potassium ;  its  compounds  are  very  widely  distributed  in  nature,  the 
chloride  being  common  salt.  In  the  metallic  state  sodium  has  a  brilliant  silver- 
white  color,  it  is  of  a  waxy  consistency  at  the  or&nary  temperature ;  at  95.6°  C. 
(204°  F.)  it  melts,  and  at  a  red  heat  volatilizes,  specific  gravity,  0.98.  Atomic 
weight  23.  Symbol,  Na  (from  Natrium.)  When  dropped  upon  water,  it  decom- 
poses it  with  evolution  of  hydrogen,  but  the  temperature  generally  does  not  rise  to 
the  point  of  ignition.  The  following  are  the  most  important  compounds  of  sodium : — 

Soda,  hydratcd  oxide  of  sodium,  or  hydrate  of  sodium  (Na2O.H20).  known  also  as 
caustic  soda,  is  a  white  opaque  mass  melting  below  redness,  and  solidifying  to  a 
fibrous  cake,  having  a  specific  gravity  of  2.0.  It  is  deliquescent  in  the  air,  and 
rapidly  absorbs  carbonic  acid;  its  solution  is  of  a  highly  alkaline  and  caustic 
character,  closely  resembling  a  solution  of  potash.  It  is  now  prepared  in  enormous 
quantities,  and  is  used  in  many  manufacturing  operations. 

Chloride  of  Sodium  (NaCl),  known  also  as  common  salt,  sea  salt,  rock  salt,  etc 
This  very  widely  distributed  substance  is  in  the  pure  state  a  compound  of  the  metal 
sodium  with  chlorine ;  it  crystallizes  in  colorless  transparent  cubes,  which  possess  a 
specific  gravity  of  2.5.  At  a  red  heat  chloride  of  sodium  melts,  and  volatilizes  at  a 
little  higher  temperature.  It  dissolves  in  about  three  parts  of  water  at  any  tempera- 
ture ;  it  is  insoluble  in  alcohol,  and  in  strong  hydrochloric  acid.  The  other  compounds 
of  sodium  which  require  notice  are  described  under  the  headings  of  the  acids.  Pro- 
fessor Seely  ( Chemical  News,  November  4,  1870)  announces  that  anhydrous  liquid 
ammonia  dissolves  metallic  sodium,  the  liquid  presenting  all  the  physical  character- 
istics of  a  true  solution.  On  evaporation  the  sodium  is  gradually  restored  to  the 
metallic  state,  in  the  same  continuous  manner  in  which  the  solution  has  been  effected. 
The  color  of  the  solution  is  a  very  intense  blue,  and  its  high  tinctorial  power  is  urged  as 
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an  argument  in  favor  of  the  idea  that  the  metal  is  in  simple  solution.  Weyl  {Pogg 
Ann.  cxxi  697)  formerly  prepared  the  same  compound  by  condensing  dry  gaseous 
ammonia  by  pressure  and  cold  on  sodium,  and  considered  it  to  be  sodammonium, 
NHjNa.  Professor  Secly,  however,  without  adducing  any  arguments  in  support  of 
his  assertion,  says  that  Weyl  mistook  the  nature  of  this  product. 

Soils,  Chemiitry  o£  The  general  principles  of  vegetable  nutrition  are  explained 
elsewhere.  (See  vegetable  Nutrition.)  A  soil  consists  of  a  mixture  of  mineral 
substances  resulting  from  the  decay  of  rocks  through  atmospheric  or  other  influences, 
and  organic  matter  resulting  from  the  decay  of  vegetable  matter.  To  these  must 
be  added  those  mineral  and  organic  materials  which  are  added  in  the  form  of  manure. 
That  part  of  the  surface  which  has  been  turned  over  by  the  plough  or  spade,  and 
has  become  mixed  with  decayed  vegetable  matter,  is  called  the  soil  proper,  whilst 
the  underneath  portion,  consisting  chiefly  of  disintegrated  rock,  is  called  the  sub- 
soil. The  mineral  constituents  of  the  vegetable  are  derived  entirely  from  the  soil, 
and  the  organic  matter  which  it  contains  supplies  carbonic  acid  and  ammonia,  these 
being  also  largely  contributed  by  the  atmosphere.  Soils  vary  greatly  in  their 
mineral  constituents,  and  as  the  mineral  ingredients  of  the  plant  also  vary  con- 
siderably, it  frequently  happens  that  a  particular  mineral  substance  which  the  plant 
requires  for  its  growth,  is  not  present  in  the  soil;  this  must  then  either  be  supplied 
artificially  in  the  form  of  manure,  or  some  other  plant  more  fitted  to  the  available 
constituent  of  the  soil  must  be  cultivated  thereon.  It  is  not  necessary  that  a  sub- 
stance should  be  soluble  for  it  to  be  absorbed  by  the  roots  of  a  plant,  although 
absorption  is  much  easier  when  the  salts  are  in  solution.  Salts,  such  as  nitrate  of 
ammonia,  etc.,  brought  down  by  rain,  or  scattered  artificially  over  the  surface,  are 
not,  as  might  be  supposed,  washed  away  by  rain  and  lost  in  the  drainage  (except  to 
some  extent  on  very  stiff  clay  or  loose  sand),  but  the  soil  has  the  power  of  absorbing 
the  soluble  constituents  presented  to  it,  and  retaining  them  in  a  form  readily 'assimila- 
ble by  the  roots.  It  may  be  taken  for  granted  that  good  soils  contain  more  than 
sufficient  mineral  ingredients  for  the  proper  development  of  any  plant,  but  when  a 
plant  is  grown  on  it  year  after  year  without  artificial  manure,  the  available  amount 
of  some  constituent  may  become  exhausted.  If  now  the  soil  be  allowed  to  lie  fallow 
it  becomes  disintegrated  by  the  action  of  heat,  cold,  and  moisture,  the  rocks  are 
acted  upon  by  the  carbonic  acid  brought  down  by  the  rain,  and  chemical  changes 
take  place  which  result  in  the  liberation  of  a  fresh  supply  of  mineral  nourishment. 
Hence  the  philosophy  of  sub-soil  ploughing,  which  brings  unexhausted  mineral  mat- 
ter to  the  surface,  and  of  allowing  the  land  to  lie  fallow  periodically,  by  which 
means  chemical  disintegration  of  die  rock  mass  is  effected.  But  by  a  judicious 
system  of  rotation  of  crops  the  necessity  of  fallow  may  be  avoided,  as  after  a  run 
upon  one  mineral  ingredient  a  crop  may  be  grown  which  requires  excess  of  some 
other  ingredient  of  which  the  first  crop  nas  not  removed  much,  and  so  on,  until,  in 
the  course  of  three  or  four  years,  a  new  supply  of  mineral  matter  will  have  been 
drawn  from  the  almost  unlimited  stores  of  the  soil,  ready  to  be  presented  again  to 
crop  number  one  when  it  comes  round  in  rotation. 

Solano.  The  name  of  the  south-east  wind  blowing  over  Spain.  It  is  hot  and 
dusty,  causing  great  uneasiness  and  a  sense  of  irritation,  insomuch  that  the  Spaniard 
has  a  saying,  "  Ask  no  favor  during  the  Solano." 

Solar  Eclipse.    See  Eclipse. 

Solar  Mioroscope.  This  is  very  similar  in  construction  to  the  magic  lantern  and 
megascope ;  sunlight  reflected  from  a  mirror  or  heliostat,  and  concentrated  by  a 
converging  lens,  being  used  as  the  illuminating  agent.  Owing  to  the  large  amount 
of  light  available  when  sunlight  is  used,  the  lenses  in  the  solar  microscope  are  made 
of  a  shorter  focus  than  those  in  the  magic  lantern  or  megascope,  so  as  to  produce 
greater  magnifying  power. 

Solar  Spectrum.    See  Fraunhofer's  Lines  ;  Spectrum  ;  Spectrum  Analysis. 

Solar  Spectrum,  Normal.     See  Normal  Solar  Spectrum. 

Solar  System.  The  system  of  bodies  of  which  the  sun  is  the  ruling  centre.  It 
includes  the  Sun,  Planets ,  Asteroids,  Satellites,  Comets,  Meteors  (see  Meteors, 
Luminous),  and  Meteor  Systems.  The  different  theories,  Ptolemaic,  Tychonic, 
Copemican,  Keplerian,  and  Newtonian,  according  to  which  the  motions  of  the 
various  members  of  the  solar  system  have  been  regarded,  will  be  found  under  their 
several  heads.  We  propose  here  to  consider  briefly  the  general  relations  presented 
by  the  solar  system. 
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From  being  looked  upon  as  a  system  consisting  of  seven  separate  orbs,  the  solar 
system  has  come  in  onr  day  to  be  regarded  as  a  scheme  whose  constitution  is  of  the 
most  complex  and  diversified  character.  Besides  the  sun  and  the  four  minor 
planets  which  circulate  nearest  to  him  we  see  the  four  major  planets  travelling  along 
vast  orbits,  separated  by  distances  far  exceeding  the  diameter  of  the  scheme  o? 
minor  planets.  Between  the  schemes  of  the  major  and  minor  planets  we  see  the 
zone  of  asteroids,  whose  members  are  doubtless  to  be  counted  in  reality  by  thousands. 
Then,  dependent  on  the  planets,  we  see  the  satellites,— one  only  of  these  secondary 
orbs  being  found  within  the  scheme  of  minor  planets,  but  around  the  major  planets 
are  systems  of  satellites  forming  miniatures  of  the  solar  scheme  itself.  Around 
Saturn  again  circles  that  wonderful  scheme  of  rings,  including  myriads  of  tiny  satel- 
lites involved  in  a  vaporous  atmosphere.  Then  we  recognize  families  of  comets 
attending  on  the  sun ;  not,  indeed,  that  very  many  such  comets,  have  been  discovered, 
but  because  the  laws  of  probability  teach  us  that  for  each  discovered  sun-attending 
comet  multitudes  of  others  must  remain  undetected.  We  recognize  the  existence  of 
myraids  of  meteor-systems ;  and  here,  again,  it  is  not  that  myraids  have  been  actually 
discovered,  but  that  the  laws  of  probability  force  us  to  believe  that  for  each  meteor- 
system  of  the  hundred  passed  through  by  the  earth  there  must  be  thousands  which 
she  does  not  approach.  And  finally,  seeing  that  when  the  sun  is  totally  eclipsed 
there  blazes  suddenly  into  view  a  glorious  crown  of  radiating  light,  and  rememoer- 
ing  that  even  when  he  is  only  hidden  from  view  by  the  earth's  globe  the  outskirts 
of  this  glory  are  seen  in  the  zodiacal  light,  we  are  led  to  believe  that  in  the  son's 
immediate  neighborhood  these  meteoric  and  cometic  systems  are  densely  crowded, 
even  if  there  be  not  mixed  up  with  them  other  forms  of  matter  as  yet  not  clearly 
discerned  by  us. 

Such  is  the  solar  system  as  presented  to  us  by  modern  astronomy.  Each  year  the 
economy  of*  this  wondrous  scheme  becomes  more  clearly  understood,  and  each  dis- 
covery presents  more  strikingly  before  us  the  singular  complexity  of  structure  and 
the  amazingly  exuberant  vitality  of  that  scheme  which  is  second  only  to  the  sidereal 
system  itself  among" the  orders  of  created  objects  presented  to  the  contemplation  of 
mankind. 

Solar  Telescope.  In  observations  on  the  solar  disk  it  is  desirable  to  employ  an 
object-glass  of  as  large  a  diameter  as  possible.  But  the  objection  to  this  has  always 
been  that  such  an  immense  amount  of  heat  is  concentrated  at  the  focus,  that  tne 
dark  glasses  which  should  protect  the  observer  are  frequently  shattered  to  pieces,  to 
the  great  risk  of  the  eyesight.  A  partial  remedy  for  this  evil  is  effected  by  diminish- 
ing the  aperture  of  the  object-glass,  but  the  definition  in  this  case  is  very  inferior. 
Foucalt  has  devised  an  ingenious  method  for  close  observation  of  the  solar  disk. 
(L  Institute  1866,  pp.  281,  313.)  Haviug  noticed  that  no  heat  and  very  little  light 
is  transmitted  through  the  thin  bright  coating  on  glass  which  has  been  silvered 
by  Liebig's  process  (see  Silvered  Mirror),  he  coated  the  outer  surface  of  the  object- 

glas3  of  a  refracting  telescope  with  such  silvering,  and  found  as  he  expected  that  all 
eat  rays  were  reflected,  as  also  the  greater  part  of  the  light,  so  as  to  permit  only 
a  pale  bluish  violet  to  pass  through.  Leverner  has  reported  most  favorably  as  to 
the  results  obtained  by  a  nine-inch  refractor  (equatorial).  No  heat  could  be  felt  in 
the  very  focus  of  the  object-glass  directed  towards  the  sun,  thus  freeing  all  solar 
observations  from  a  very  great  cause  of  error.  Furthermore,  only  the  ultra-red  rays 
are  really  absorbed ;  all  others  are,  as  the  prismatic  spectrum  shows,  only  diminished 
in  intensity  so  as  to  give  a  steady  and  pure  image  of  the  sun,  showing  all  details  of 
outline  and  color  with  excellent  definition,  and  permitting  the  use  of  a  magnifying 
power  of  300.  It  is  evident  that  an  object-glass  so  silvered  is  rendered  useless  for 
ordinary  astronomical  work.  Instead,  therefore,  of  silvering  the  object-glass  a  sheet 
of  plate-glass  with  parallel  sides  is  silvered,  and  this  is  placed  in  front  of  the  object- 
glass  of  the  telescope  when  solar  observations  are  desired.     (See  Telescope.) 

Solenoid.  A  helix  of  wire  made  use  of  in  electrical  experiments.  (See  £7ecfro- 
Dynamics.)  It  is  constructed  by  winding  stout  copper  wire  upon  a  convenient  cyl- 
inder of  wood  or  pasteboard,  which  is  then  withdrawn  from  tne  helix  formed ;  the 
ends  of  the  wire  are  then  turned  in  so  as  to  pass  along  the  axis  of  the  helix  to  the 
middle,  where  they  are  brought  out  between  two  of  the  turns  and  can  be  attached 
to  the  terminals  of  a  battery  in  any  required  way.  The  different  parts  of  the  helix 
are  insulated  from  each  other  either  by  using  covered  wire,  or,  which  is  preferable, 
by  using  stiff  wire  and  bending  it  so  that  the  parts  may  not  be  in  contact. 
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Solidification  is  the  passage  of  bodies  from  the  liquid  to  the  solid  state.  The 
process  is  the  reverse  of  that  known  as  fusion.  It  is  accompanied  by  evolution  of 
heat  and  in  general  by  change  of  volume.  Two  principal  laws  govern  the  phenom- 
enon. 

(1.)  Each  substance  solidifies  at  a  fixed  temperature  if  the  pressure  upon  it  be 
always  the  same  ;  that  temperature  is  the  temperature  of  fusion  for  the  body. 

(2.)  From  the  commencement  to  the  close  of  the  process  the  temperature  of  the 
liquid  remains  at  this  fixed  point. 

The  influence  of  pressure  upon  the  temperature  of  solidification  is  referred  to  under 
a  separate  heading.  (Freezing  Point ,  influence  of  Pressure  on.)  Professor  James 
Thomson  showed  that  when  bodies  which  expand  on  solidifying,  as  ice  docs,  are  sub- 
jected to  pressure,  the  freezing  point  is  lowered,  while  the  application  of  pressure 
raises  thepoint  of  solidification  of  bodies  which  contract  on  assuming  the  solid  con- 
dition. Under  certain  circumstances  it  is  possible  to  cause  a  departure  from  the  first 
law.  If  water  be  deprived  of  air  by  boiling,  and  be  permitted  to  cool  under  a  layer 
of  oil  so  as  to  prevent  its  absorbing  more  air,  it  may,  if  kept  perfectly  still,  be  reduced 
to  a  temperature  many  degrees  below  its  freezing  point ;  on  enclosing  it  also  in  fine 
capillarv  tubes  M.  Despretz  lowered  its  temperature  to  -20°  0.  before  it  solidified. 
In  the  first  case,  however,  on  causing  solidification  to  take  place,  which  may  be  done 
by  gently  disturbing  the  water  or  by  dropping  in  a  small  spicule  of  ice,  a  quantity 
of  ice  is  suddenly  formed  sufficient  by  the  heat  that  it  gives  out  to  raise  the  temper- 
ature  of  the  whole  liquid  to  the  ordinary  freezing  point,  and  solidification  then  goes 
on  steadily  and  gradually  if  the  water  be  connected  with  some  arrangement  for  re- 
moving heat  from  it. 

The  term  solidification  is  sometimes,  though  not  generally,  applied  to  cases  in 
which  bodies  arc  precipitated  or  crystallize  from  solutions. 

The  reader  will  find  some  further  remarks  on  this  and  the  kindred  subjects  under 
Fusion,  Liquefication ;  Latent  Heat;  Reaelation,  etc. 

SolidjEL  Spectra  of  Incandescent.  With  perhaps  one  exception  (that  of  the  rare 
earth  Erbia),  incandescent  solids  give  a  spectrum  which  is  continuous  from  one  end 
to  the  other.  Such  spectra  are  classed  by  Mr.  Huggins  as  the  first  order.  (See 
Spectra  of  the  First  Order  ;  Spectrum ;  Spectrum  Analysis.) 

Solstice.  (Solstitium.)  The  points  where  the  sun  reaches  his  greatest  distance 
from  the  celestial  equator  are  called  the  solstices,  the  summer  solstice  being  the 
point  of  the  sun's  path  farthest  to  the  north  of  the  eauator,  the  winter  solstice  the 
point  farthest  to  trie  south.  When  the  sun  is  at  the  former  point  it  is  midsummer, 
when  he  is  at  the  latter  it  is  midwinter. 

Solution.  When  a  liquid  adheres  to  a  solid  with  sufficient  force  to  overcome  its 
cohesion  the  solid  is  said  to  undergo  solution,  or  to  be  dissolved.  Thus  water  dis- 
solves salt ;  spirits  of  wine,  resin ;  mercury,  silver  or  lead,  and  so  on.  By  diminish- 
ing cohesion  in  the  solid,  as  by  reducing  it  to  powder,  solution  is  facilitated  in  conse- 
quence of  the  larger  extent  of  surface  exposed  to  the  action  of  the  solvent.  Heat 
also,  by  diminishing  cohesion,  favors  solution.  The  first  portions  of  solid  added  to 
the  liquid  may  disappear  quickly,  but  as  fresh  portions  are  added  solution  goes  on 
more  and  more  slowly  until  it  ceases  altogether.  In  such  case  the  forces  of  adhesion 
and  cohesion  balance  each  other,  and  the  liquid  is  said  to  be  saturated.  The  best 
method  of  watching  solution  is  to  suspend  the  solid  in  a  muslin  bag,  or  in  a  perfo- 
rated vessel  at  the  top  of  a  column  of  water,  when  dense  saccharine-looking  streams 
will  descend,  at  first  rapidly,  and  then  more  and  more  slowly,  until  saturation  is  at- 
tained. During  the  cooling  of  a  boiling  saturated  solution  these  saccharine-looking 
streams  may  be  seen  long  before  a  solid  crust  forms  on  the  surface. 

Various  solids  dissolve  in  the  same  liquid  at  very  different  rates.  Baric  sulphate 
may  be  said  to  be  insoluble ;  calcic  sulphate  requires  700  parts  of  water  for  solution ; 
potassic  sulphate  16 ;  magnesic  sulphate  1J.  When  water  is  saturated  with  one  salt 
it  will  dissolve  other  salts  without  increase  of  bulk.  Some  curious  details  on  this 
subject  are  given  in  the  Chemical  News,  July  29, 1870. 

It  sometimes  happens  that  the  addition  of  a  second  solid  will  displace  the  first, 
already  in  solution.  This  happens  where  the  adhesion  between  the  liquid  and  the 
solid  is  weak ;  thus  Prussian  blue  is  dissolved  by  distilled  water  acidulated  with 
oxalic  acid  ;  but  it  is  thrown  down  on  the  addition  of  a  solution  of  common  salt,  or 
sodic  sulphate. 

It  does  not  always  happen  that  heat  increases  the  solvent  powers  of  a  liquid.  Lime 
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is  more  soluble  in  cold  water  than  in  hot,  so  that  cold  water  saturated  with  lime 
becomes  turbid  if  heated.  So  also  a  compound  of  lime  and  sugar,  soluble  in  cold 
water,  is  separated  from  solution  if  heated  to  boiling.  Certain  salts  also  attain  a 
maximum  of  solubility  long  before  the  liquid  reaches  the  boiling  point.  Sodic  sul- 
phate, for  example,  is  most  soluble  at  about  33°  0.  (92°  F.)  than  at  higher  temper- 
atures. Sodic  seleniate  and  ferrous  sulphate  are  further  examples  of  this  curious 
point.  Graham  lon^  ago  pointed  out  that  heat  diminishes  the  force  of  adhesion  as 
well  as  that  of  cohesion,  the  latter  being  in  general  more  rapidly  diminished  by  heat 
than  the  former  force.  Hence  in  these  exceptional  cases  the  adhesion  of  the  water 
decreasing  in  a  greater  ratio  than  the  cohesion  of  the  salt  may  account  for  the  pecu- 
liarity in  question.  But,  on  the  other  hand,  common  salt  has  sensibly  the  same  solu- 
bility at  all  temperatures,  between  0°  and  100°  C,  whereas  most  salts,  such  as 
potassic  nitrate,  increase  considerably  in  solubility  as  the  temperature  rises  to  the 
boiling  point.  It  would  be  a  curious  and  interesting  inquiry,  as  Professor  Sullivan 
suggests,  to  endeavor  to  determine  the  condition  of  salts  in  solution  at  temperatures 
very  much  above  the  boiling  point  of  water.  Boracic  acid,  for  example,  is  volatile 
in  the  vapor  of  water ;  hence,  it  does  not  follow  that  salts  would  be  precipitated 
when  water  under  the  influence  of  a  high  temperature  assumed  the  gaseous  state ; 
but  the  saline  molecules  might  still  remain  attached  to  the  gaseous  molecules. 

Solutions  differ  from  chemical  compounds  in  retaining  the  properties  both  of  the 
solvent  and  of  the  solvend ;  thus,  camphorated  spirit  retains  tne  properties  both  of 
camphor  and  of  spirit ;  but  the  properties  of  the  chemical  compound  water,  for  ex- 
ample, have  nothing  in  common  with  the  properties  of  its  constituent  gases.  More- 
over, solution  is  accompanied  by  a  lowering  of  temperature ;  but  where  a  definite 
chemical  compound  is  formed,  as  when  water  and  lime  arc  brought  together,  heat  is 
evolved. 

We  have  no  very  intimate  knowledge  as  to  the  condition  of  compound  bodies  in 
solution.  In  the  case  of  hydrated  salts  it  is  probable  that  the  water  of  crystalliza- 
tion quits  the  saline  molecules,  and  that  the  salt  exists  in  solution  in  the  anhydrous 
form.  This  is  highly  probable  in  the  case  of  sodic  sulphate,  which  crystallizes  with 
ten  atoms  of  water,  as  Mr.  Tomlinson  has  shown  in  a  paper  contained  in  the  PhiL 
Trans,  for  1868,  and  also  in  more  minute  detail  in  the  Chemical  News  for  the  3d 
and  10th  December,  1869. 

But  the  law  of  solubility  up  to  the  temperature  of  boiling  water  is  scarcely  known 
except  in  the  case  of  a  very  few  salts,  ^he  elaborate  inquiries  that  have  been  made 
on  solutions  refer  more  chiefly  to  other  parts  of  physics  than  to  solubility,  such  as  the 
influence  of  salts  on  the  boiling  point,  or  the  diffusion,  or  the  capillarity,  or  the  latent 
solution  heat,  or  the  atomic  volume  of  saline  solutions.  There  are  many  points  con- 
nected with  solution  that  require  investigation,  but  the  inquiry  is  tedious  and  diffi- 
cult, in  order  to  secure  correct  results  capable  of  graphic  co-ordination.  (See  Super* 
saturation.) 

Soubresaut  A  term  applied  by  the  French  to  the  inconvenient  and  even  danger- 
ous phenomena  of  bumping  or  jumping  ebullition.  (See  Ebullition.)  The  term 
is  from  the  Spanish  sobre,  upon,  and  the  French  said,  a  jump  or  leap ;  thus  the 
French  speak  of  "  les  soubresauts  d'un  cheval ;"  •"  les  soubresauts  d'une  voiture." 

Sound.  (Sonus,  a  sound.)  Strictly  speaking  sound  is  an  effect  upon  the  brain, 
conveyed  by  the  auditory  nerve.  It  is  generally  considered  to  include  the  conditions 
of  the  air  which  through  the  intervention  of  the  ear  affect  the  brain.  As  a  science 
it  may  be  defined  as  the  theory  of  vibrations  in  ponderable  matter.  (See  Ampli- 
tude of  Vibration;  Beats;  Chladnfs  Figures;  Colors  of  Tones;  Gamut; 
Graphic  Representation  of  Vibrations;  Interference  of  Sound;  Kaleidophone ; 
Loudness  of  Sound;  Nodes  and  Segments;  Pitch;  Propagation  of  Sound;  Re- 
flection of  Sound;  Refraction  of  Sound;  Resonance;  Syren;  Velocity  of  Sound; 
Vibration  (Transversal)  of  an  Elastic  Rod;  Vibration  of  a  Stretched  String; 
Wave  Length.) 

8ound  Iigurea.    See  Chladni's  Figures. 

Sources  of  Heat    See  Heat,  Sources  of 

Sources  Of  Light.    See  Light,  Sources  of. 

Spark,  Electric.  One  of  the  forms  in  which  accumulated  electricity  discharges 
itself.  It  consists  of  the  rushing  together  of  positive  and  negative  electricity  across 
a  non-conducting  medium  with  violent  commotion  and  displacement  of  the  interven- 
ing particles.    The  phenomena  most  commonly  presented  by  the  spark  through  air, 
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when  no  special  precautions  are  taken,  are  a  bright  light,  great  heat,  a  sharp  crack 
or  report,  and,  if  many  sparks  are  passed  in  succession,  an  odor  of  ozone.  When 
proper  arrangements  are  made,  the  phenomena  accompanying  the  spark  are  very 
varied.  They  depend  on  the  amount  of  electricity  discharged ;  on  the  way  in  which 
it  is  accumulated ;  on  the  surfaces  between  which  the  discharge  takes  place,  and  on 
the  medium  through  which  it  passes.  The  sparks  obtained  from  the  conductor  of  an 
electric  machine  are,  under  certain  circumstances,  very  beautiful.  They  are  best 
observed  by  means  of  a  Winter's  plate  machine,  to  the  conductor  of  which  is  at- 
tached the  large  wooden  ring — the  peculiarity  of  this  form  of  machine.  (See  Electric 
Machine.),  They  should  be  caused  to  pass  between  a  small  knob  (1  in.  in  diameter) 
and  a  surface  very  much  larger  than  this.  At  a  distance  of  an  inch  or  so,  and  with 
the  machine  in  good  order,  a  torrent  of  thick  bright  sparks  appears  to  flow  with  a 
loud  crackling  noise,  and  if  they  be  received  on  the  knuckles,  a  sharp  sting  at  the 
spot,  with  contraction  of  the  muscles  of  the  wrist,  and,  in  sensitive  people,  even  of 
tne  arm.  The  apparent  thickness  of  the  line  of  light  is  due  to  the  optical  phenome- 
non known  as  irradiation.  When  the  distance  between  the  surfaces  is  increased, 
the  frequency  of  the  sparks  and  their  brilliancy  is  diminished ;  but  if  they  be  ex- 
amined in  the  dark,  they  present  a  most  beautiful  appearance.  Springing  from  a 
thick  root  at  the  surface  of  the  positive  conductor,  the  spark  reaches  out  crookedly 
towards  the  other  surface,  having  a  general  appearance  of  one  crooked  stem  fur- 
nished with  off-shoots.  The  color  of  it  is  rcddisn-violet  or  purple  in  air.  With  a 
good  machine,  and  the  best  possible  insulation — for  this  is  essential — true  sparks 
may  be  obtained  fourteen  inches  or  even  more  in  length ;  when  the  distance  is  in- 
creased too  much,  the  discharge  then  assumes  the  form  of  the  brush.  The  spark 
obtained  from  a  Leyden  jar  or  battery  is  never  of  any  great  length,  though  from  the 
quantity  of  electricity  accumulated,  its  effects  are  very  powerful.  By  means  of  a 
good  battery  of  Leyden  jars,  the  power  6Y  the  spark  in  passing  through  even  solid 
matter,  and  in  completely  breaking  down  the  line  of  particles  in  its  way,  is  easily 
shown.  If  the  discharge  be  passed  through  "several  sheets  of  thick  paper,  the  paper 
is  rent  about  the  place  where  it  has  passed,  and  presents  the  appearance  of  being 
blown  out  from  the  middle  at  both  sides  of  the  paper,  and  not  that  which  is  produced 
by  pushing  a  solid  through  from  one  side  to  the  other.  The  spark  may  also  be 
made  to  penetrate  a  thick  plate  of  glass  on  causing  it  to  pass  between  two  points, 
one  of  which  is  brought  down  upon  the  glass,  and  has  around  it  a  drop  of  olive  oil. 
If  the  points  be  made  to  dip  at  no  great  distance  from  each  other  under  the  surface 
of  water,  the  water  is  projected  with  great  violence  in  all  directions ;  and  if  this  bo 
done  within  a  tightly-closed  flask,  it  will  be  broken  to  pieces  by  the  commotion  pro- 
duced in  the  water.  The  heating  effects  are  shown  by  means  of  Kinnersley's  ther- 
mometer, which  consists  of  a  large  upright  glass  tube  into  which  knobs  project  at 
the  top  and  bottom  through  air-tight  fittings ;  from  the  bottom  of  the  tube  projects 
horizontally  a  smaller  glass  tube,  which  then  turns  up  vertically,  and  is  open  at  the 
top.  The  larger  tube  is  partially  filled  with  water,  which,  however,  does  hot  rise  to 
the  level  of  the  space  where  the  discharge  takes  place,  and  which  stands  at  the  same 
height  in  the  smaller  tube.  When  the  spark  is  passed,  the  heat  expands  the  air 
inclosed  in  the  upper  part  of  the  principal  tube,  depresses  the  level  of  the  water  in 
it,  and  drives  it  up  in  the  smaller  tube.  The  instrument  also  shows  the  powerful 
repulsive  force  exerted  at  the  passage  of  the  spark ;  for  at  the  instant  of  discharge 
the  water  is  suddenly  driven  outwards  to  a  much  greater  extent  than  that  which  is 
due  to  the  heat  generated,  and  immediately  falls  back  again  to  a  level  which  de- 
pends upon  the  temperature.  The  heat  of  the  spark  is  also  shown  in  the  ignition  of 
a  mixture  of  oxygen  and  hydrogen.  When  the  spark  is  passed  through  gunpowder, 
the  passage  of  the  electricity  is  so  very  rapid  that  the  powder  is  not  inflamed,  but 
merely  scattered  about ;  but  if  the  rate  of  discharge  is  diminished  by  introducing 
into  some  part  of  the  circuit  a  wet  string  instead  of  having  a  complete  metallic  cir- 
cuit, the  powder  is  readily  fired.  The  chemical  effects  of  the  spark  in  the  production 
of  ozone  and  nitric  acid  during  its  passage  through  air  are  described  under  Electro- 
Chemistry.  The  electric  spark,  and  all  the  other  forms  of  disruptive  discharge, 
were  carefully  examined  by  Faraday.  (See  his  Experimental  Researches,  vol.  i. ;  or 
the  Transactions  of  the  ttoyal  Society.  See  also  Sir  W.  Snow  Harris  on  the  same 
subject,  Phil.  Trans.,  1834.) 

Spark,  Duration  of  Electric.  .  Wheatstone  has  shown,  by  means  of  his  chrono- 
Bcope,  that,  under  certain  circumstances,  the  passage  of  the  electric  spark  occupies  a 
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sensible  time.  The  method  of  experimenting  is  described  under  Chronoscope  and 
Electricity,  Velocity  of.  On  causing  the  spark  from  the  machine,  or  from  a  Leyden 
iar  discharged  in  the  ordinary  way,  to  pass  in  front  of  the  revolving  mirror,  the 
image  appeared  a  mere  point,  the  same,  in  fact,  as  if  the  mirror  had  been  at  rest; 
bat  when  the  discharge  took  place  through  half-a-mile  of  copper  wire  it  was  not  so. 
The  image  was  then  lengthened  out  into  a  line  of  light,  owing  to  the  angular  dis- 
placement which  the  mirror  had  taken  during  the  time  of  passage,  and  the  persist- 
ence of  the  image  on  the  retina ;  and  by  knowing  the  velocity  of  rotation  of  the 
mirror,  and  measuring  the  apparent  length  of  the  line  of  light,  he  estimated  that, 
under  these  circumstances,  the  spark  lasted  y*i&tfth  of  a  second.  It  will  be  seen 
from  what  we  have  said  here,  ana  from  our  article  on  the  velocity  of  electricity,  that 
the  duration  of  the  spark  depends  upon  the  circumstances  under  which  the  discharge 
takes  place. 

Spark,  Galvanic.  When  the  terminals  of  a  galvanic  battery  are  brought  very 
near  to  each  other,  a  spark  is  observable.  It  is  best  seen  just  before  they  touch, 
when  they  are  gradually  brought  nearer  to  each  other ;  and  when  they  are  again 
separated,  a  second  spark  is  perceived.  The  spark,  on  separating,  is  much  stronger 
than  that  on  putting  the  wires  in  contact,  owing  to  the  fact,  that,  on  making  contact, 
there  is  a  current  induced  in  the  wire  opposite  to  the  principal  current,  while,  on 
breaking  contact,  an  induced  current,  conspiring  with  the  current  from  the  battery, 
is  set  up. 

The  distance  across  which  a  spark  under  ordinary  circumstances  will  pass  is  ex- 
cessively small,  not  f^th  of  an  inch,  according  to  Sir  W.  Thomson,  for  5000  cells  of 
Daniell  3  battery.  Gassoit,  with  a  water  battery  of  3500  cells,  obtained  a  passage 
of  electricity  over  an  air  space  of  ^th  of  an  inch,  which  continued  uninterruptedly 
for  many  weeks.  % 

Spathic  Iron  Ore.    See  Iron  Ores. 

Specific  Gravity.  Specific  gravity  is  the  number  expressing  the  ratio  between 
the  weight  of  any  volume  of  a  substance  and  tho  weight  of  an  equal  volume  of  some 
standard  substance.  In  the  case  of  solids  and  liquids  the  standard  substance  is 
water ;  in  the  case  of  gases  and  vapors,  it  is  usually  hydrogen,  sometimes  atmos- 
pheric air.  It  is  clear  that,  whatever  ratio  may  exist  between  a  given  volume  of  a 
substance  and  the  same  volume  of  water  must  also  exist  between  any  volume  of  the 
substance  and  the  same  volume  of  water.  Thus,  if  a  cubic  inch  of  mercury  weighs 
thirteen  times  as  much  as  a  cubic  inch  of  water,  a  cubic  foot  of  mercury  weighs 
thirteen  times  as  much  as  a  cubic  foot  of  water.  Accordingly,  specific  gravity  con- 
cerns substance  or  material,  while  absolute  weight  concerns  individual  masses  of 
water.  Various  methods  are  employed  for  finding  the  specific  gravity  of  gases  and 
vapors.  The  specific  gravity  of  most  liquids  and  solids  is  easily  found  in  several 
ways.  The  specific  gravity  of  liquids  is  most  accurately  determined  as  follows :  A 
little  flask,  holding  about  an  ounce,  is  provided  with  an  accurately  fitting  stopper, 
through  the  centre  of  which  is  a  capillary  opening.  This  flask  is  weighed  wnen 
empty.  It  is  then  filled  with  distilled  water,  and  the  stopper  is  inserted,  so  that  the 
excess  of  liquid  is  forced  through  the  capillary  opening  of  the  stopper.  The  excess 
of  water  being  removed  from  the  outside,  the  flask  full  of  water  is  weighed.  The 
difference  between  the  second  weighing  and  the  first  is,  of  course,  the  weight  of 
water  which  the  flask  holds.  The  flask  is  now  thoroughly  dried  and  filled  with  the 
liquid  whose  specific  gravity  has  to  be  found,  in  the  same  manner  as  it  was  filled 
with  water.  The  difference  between  the  third  weighing  and  the  first  is,  of  course, 
the  weight  of  the  liquid  which  the  flasks  holds.  It  is  clear  that  the  volume  of  the 
water  and  liquid  are  exactly  the  same.  We  have  found,  therefore,  the  weights  of 
equal  volumes  of  the  liquid  "and  of  water.  Divide  the  first  by  the  second,  and  the 
specific  gravity  is  obtained.  The  specific  gravities  of  very  small  quantities  of  many 
liquids  may  frequently  be  determined  with  great  precision  by  a  method  suggested 
and  employed  by  the  author  of  this  article.  For  liquids  which  are  insoluble  in  and 
not  acted  on  by  water,  and  which  are  heavier  than  water,  a  single  drop  of  the  liquid 
is  placed  in  water,  and  a  saturated  solution  of  chloride  of  calcium  is  added,  until  the 
drop  is  in  a  state  of  indifferent  equilibrium.  The  specific  gravity  of  the  solution  of 
chloride  of  calcium  is  then  ascertained  in  the  manner  above  described,  and  is.  of 
course,  identical  with  that  of  the  liquid.  For  liquids  soluble  in  water,  a  mixture  of 
ether  and  bisulphide  of  carbon  may  often  be  employed,  to  which  one  or  other  consti- 
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tuent  is  added,  until  the  liquid  is  in  equilibrium.  By  this  means  the  specific  gravity 
of  a  quantity  of  liquid  not  larger  than  a  pea  can  be  determined  with  perfect  accuracy. 
The  specific  gravity  of  liquids  can  also  be  measured  with  great  rapidity  and  with 
sufficient  accuracy  for  many  purposes  by  making  use  of  the  principle  of  Archimedes. 
(See  Displacement  of  Liquids.)  Thus,  if  a  cylindrical  rod  of  wood  floats  vertically 
in  water  in  such  a  manner  that  exactly  half  its  length  is  immersed,  we  know  that  the 
weight  of  the  column  of  wood  is  equal  to  the  weight  of  a  column  half  as  long  of  water. 
If  the  stick  be  then  floated  in  oil,  it  will  be  found  to  sink  deeper,  say  two-thirds  of 
its  length.  It  follows,  the  weight  of  the  same  volume  of  wood  as  before  is  equal  to 
the  weight  of  two-thirds  of  the  volume  of  oil.  Accordingly,  half  a  volume  of  water 
has  the  same  weight  as  two-thirds  of  the  same  volume  of  oil,  or 

Therefore  the  volume  of  water  weighs  !  as  much  as  the  same  volume  of  oil,  and,  ac- 
cordingly, the  specific  gravity  of  the  oil  is  f  or  0.75. 

The  various  forms  of  nydrometer,  areometer,  lactometer,  etc.,  depend  upon  this  prin- 
ciple.   They  usually  consist  of  a  copper  or  glass  bulb  carrying  above  a  cylindrical 
gradulated  tube,  and  loaded  below  with  shot  or  mercury,  so  that  they 
float  upright  (Fig.  118.)  Those  which,  like  the  hydrometer,  are  used  for     ^ig.  118. 
determining  the  specific  gravity  of  liquids  lighter  than  water,  such  as 
spirits  of  wine,  rum,  etc,  have  the  zero  point  marked  close  above  the 
bulb  at  the  root  of  the  stem.    This  is  the  point  to  which  the  instrument 
sinks  when  placed  in  pure  water. 

Placed  in  pure  alcohol  the  instrument  sinks  deeper  (nearly  to  the  top 
of  the  stem),  because  more  of  the  latter  liquid  must  be  displaced  before 
the  weight  of  the  displaced  liquid  is  equal  to  the  weight  of  the  hydrom- 
eter. Taking  pure  water  on  the  one  hand,  and  pure  alcohol  on  the  other, 
making  mixtures  of  99  vols,  of  alcohol  to  1  of  water,  98  of  alcohol  to  2 
of  water,  and  so  on ;  and,  finally  2  vols,  of  alcohol  to  98  of  water,  1  vol. 
of  alcohol  to  99  of  water,  and  placing  the  hydrometer  in  each  of  these 
in  succession,  it  sinks  in  succession  less  and  less  deeply.  The  points  to 
which  it  sinks  are  marked  on  the  stem,  so  that,  when  placed  in  an  alco- 
holic mixture  of  unknown  strength,  the  percentage  of  alcohol  can  be 
determined  by  reading  off  the  point  on  a  level  with  the  liquid  surface. 
For  liquids  which  are  heavier  than  water,  such  as  sulphuric  acid,  milk, 
etc,  the  zero  is  marked  at  the  top  of  the  stem,  and  the  distance  at  which 
the  hydrometer  floats  out  of  the  water  shows  the  percentage  of  the 
heavier  constituent  in  the  mixture. 

The  most  accurate  way  of  determining  the  comparative  densities  or 
specific  gravities  of  liquids,  which  is  specially  applicable  for  the  measure- 
ment of  the  diminution  ot  density  which  liquids  undergo  on  being  heated, 
is  to  connect  two  vertical  tubes  by  a  capillary  tube  at  the  bottom,  and  to 
place  the  two  liquids,  whose  specific  gravities  are  to  be  compared  (say  water  and 
ether)  one  in  each  tube.  Since,  when  there  is  equilibrium,  the  pressure  on  either 
side  of  any  plane  drawn  through  the  connecting  tube  must  be  the  same,  it  follows 
that  a  shorter  column  of  the  heavier  liquid  will  keep  in  equilibrium  a  longer  column 
of  the  lighter  one,  and  that,  consequently,  the  height  at  which  the  two  liquids  stand 
in  the  two  vertical  tubes,  measured  from  the  capillary  connecting  tube,  are  inversely 
as  the  relative  densities  or  specific  gravities  of  tne  liquids.  The  heights  are  measured 
by  a  "  kathetometer  "  or  telescope,  sliding  on  a  graduated  upright  rod.  The  specific 
gravities  of  liquids  which  mix  can  be  compared  by  the  same  means,  provided  that 
the  two  are  separated  by  a  little  plug  of  mercury  in  the  capillary. 

Various  methods  are  used  for  measuring  the  specific  gravities  of  solid  substances, 
depending  upon  the  nature  of  the  substances — that  is,  whether  they  are  soluble  in 
water,  heavier  or  lighter  than  water,  in  the  form  of  a  powder,  etc. : — 

1.  Let  the  body  be  a  solid  substance,  not  soluble  in  and  heavier  than  water.  A  loop 
of  human  hair  (which  has  very  nearly  the  same  specific  gravity  as  water)  is  hung 
from  the  bottom  of  one  scale  of  a  balance  and  counterpoised.  A  fragment  of  the 
solid  under  examination  is  hung  from  the  hair  and  weighed.  This  gives  the  actual 
weight.*    It  is  then  hung  in  water  so  as  to  be  entirely  submerged,  and  again  weighed. 

*  Very  nearly,  bat  not  quite,  because  a  body  in  the  air  is  pressed  up  with  a  force  equal  to 
the  weight  of  nir  it  displaces.  To  get  the  true  weight,  we  should  have  to  add  to  its  observed 
weight  the  weight  of  an  equal  volume  of  air. 


(Fig.  119.)  _  Since,  (see  Displacement]  it  is  now  poshed  op  by  a  force  equal  to  the 
weight  of  the  water  it  displaces,  the  Ions  it  undergoes  in  weight  when  in  the  water 
— that  is,  the  first  weight  minus  the  second— is  the  weight  of  the  water  displaced, 
that  is,  the  weight  of  a  volume  of  water  equal  to  that  of  the  immersed  solid.    Ac- 


cordingly the  weight  of  the  body  divided  by  the  weight  it  loses  in  water  is  its  spe- 
cific gravity.    Thus,  if — 

A  body  weighs  740  grains  in  air, 

and  652  grains  in  water, 
the  weight  of  a  volume  of  water  eqnal  in  volume  to  the  solid  is  740 — 652 — that  is. 
88  grains.     Therefore  its  specific  gravity  is  W  or  8.40. 

2.  If  the  body  be  soluble  in  or  attacked  chemically  by  water,  some  liquid  is 
selected  in  which  the  solid  is  unacted  uu.  Thus,  if  the  substance  be  sugar  we  may 
employ  oil,  or  turpentine,  or  ether,  etc.    Thus  let — 

A  body  weigh  163  grains  in  air, 
and  104  grains  in  oil, 
we  deduce  that  the  weight  of  oil.  whose  volume  is  equal  to  that  of  the  substance,  is 
59  graius.  "What  will  be  the  weight  of  the  same  volume  of  water  I  Suppose  the 
specific  gravity  of  the  oil,  determined  by  the  method  given  above,  be  found  to  be 
.75,  this  shows  that  the  weight  of  any  volume  of  oil  is  to  that  of  the  same  volume 
of  water  as  .75  is  to  1.  Accordingly  the  weight  of  water,  having  a  volume  equal 
to  the  volume  of  the  57  grains  of  oil,  is  ~  grains,  or  78.6  grains.  Finally,  therefore, 
the  specific  gravity  of  the  substance,  which  is  the  weight  of  a  volume  of  it  divided 
by  the  weight  of  an  equal  volume  of  water,  is  ^  or  2.06. 

3.  If  the  substance  be  not  acted  on  by  water,  but  be  in  so  fine  a  state  of  division 
as  to  prevent  its  being  hung  from  the  scale  pan,  its  specific  gravity  may  be  taken  by 
means  of  the  specific  gravity  flask,  above  described,  as  follows  :  Weigh  the  flask 
empty.  Put  some  of  the  powder  in  and  weigh  again.  Deduct  the  first  weight  from 
the  second,  and  we  get  the  weight  of  powder  taken.    Fill  up  the  flask  with  water  (the 

Sowder  remaining  in),  and  weigh  again.  Deduct  from  this  weight  the  weight  of  the 
ask  and  the  powder  together,  and  we  get  the  weight  of  the  water  required  to  fill  un 
the  flask  when  the  powder  is  in  it.  Empty  ont  the  powder  and  water,  fill  up  with 
water  and  weigh,  deduct  the  weight  of  the  flask,  and  we  got  the  weight  of  the  water 
which  fills  the  flssk.  Deduct  from  this  weight  the  weight  of  the  water  which  fills 
the  flask  when  the  powder  is  present,  and  we  get  the  weight  of  the  water  displaced 
by  the  powder — that  is,  the  weight  of  a  volume  of  water  equal  to  the  volume  of 
powder.  Divide  the  weight  of  the  powder  by  this  weight,  and  the  specific  gravity 
of  the  powder  is  obtained. 
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4.  If  the  substance  be  a  powder  soluble  in  water,  methods  2  and  3  are  combined. 
That  is,  a  liquid  is  selected  without  action  on  the  powder  and  thevweight  of  a  volume 
of  liquid  equal  in  volume  to  the  powder  is  found  as  in  3.  Then,  from  the  specific 
gravity  of  the  liquid  the  weight  of  an  equal  volume  of  water  is  found  as  in  2. 
Whence  the  specific  gravity  is  immediately  deduced.  In  determining  the  specific 
gravity  of  powders  according  to  3  or  4,  care  must  be  taken  to  free  them  perfectly 
From  air.  This  is  done  by  boiling  them  in  the  liquid  with  which  they  are  in  contact, 
or  if  this  cannot  be  done,  by  placing  them  for  some  time  in  vacuo  when  under  the 
liquid. 

5.  If  the  substance  be  a  solid  lighter  than  water,  such  as  a  fat  or  wax,  the  follow- 
ing method  is  employed.  The  substance  is  weighed  in  air,  let  it  weigh  100  grains. 
A  piece  of  lead  is  fastened  to  it  sufficiently  heavy  to  sink  it,  say  10  grains.  The  two 
together  in  air  weigh,  of  course  110  grains.  Let  the  two  be  weighed  together  in  water 
and  weigh  4  grains.  The  1 10  —  4  or  106  grains  is  the  weight  of  the  water  they  dis- 
place together.  The  weight  of  water  which  the  lead  displaces  is  at  once  found  from 
its  specific  gravity,  which  is  11.3.    The  weight  of  water  displaced  by  the  lead  is 

23  or  .88.    Therefore  the  weight  displaced  by  the  substance  is  106  —  .88  or  105.22. 
Consequently  the  specific  gravity  of  the  substance  is  £*-  or  0.91. 

Specific  Gravity  of  Solids,  Liquid*,  Oases,  and  Vapors. 

Specific  Gravity  or  solids  at  39.2°  F.  (4°  C.)    Watrb  at  39.2°  F.  =  1.000. 


Agate  . 
Alabaster 

2.615 

2.700 

Aluminium  . 

2.670 

Alum    . 

1.700 

Amber 

1.080 

Anthracite    , 

1.800 

Antimony 

6.710 

Arsenicum    . 

5.959 

Basalt 

2.700 

Bismuth 

9.799 

Brass    . 

8.300 

Bronze 

8.800 

Cadmium 

8.604 

Calamine 

3.400 

Calcium 

1.578 

Celestine 

3.950 

Charcoal  from — 

Beech 

0.518 

Birch 

0.364 

Oak 

1.570 

Chromium    . 

6.810 

Coal     . 

1.330 

Cobalt 

8.950 

Coke     . 

.      1.865 

Copper 

8.950 

Coral    . 

2.680 

Diamond 

3.500 

Dolomite 

2.800 

Emerald 

2.700 

Emery 

.      3.950 

Felspar 

2.450 

Flint    . 

2.600 

Fluorspar 

.      3.200 

Galena 

7.580 

Garnet 

4.100 

Glass  (Flint) 

.      3.330 

Glucinum 

.      2.100 

Gneiss 

.      2.650 

Gold     . 

.    19.340 

Granite 

.      2.700 
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Graphite 

2.300 

Gun  Metal    . 

8.460 

Gypsum 

2.330 

Heavv  Spar . 
Hornblende  . 

4.430 

2.950 

ITypersthcne 

3.380 

Ice        ...        . 

0.920 

Iceland  Spar 

2.720 

Indium 

7.362 

Iodine  . 

4.950 

Iridium 

21.150 

Iron — Cast   . 

7.210 

Malleable  . 

7.840 

Ivory    . 

1.920 

Jasper  . 

2.800 

Lead     . 

.    11.360 

Lime    . 

3.180 

Lithium 

0.593 

Magnesium   . 

1.743 

Malachite 

3.500 

Manganese   . 

8.013 

Marble  ( Parian)   . 

2.840 

Mispickel 

6.120 

Molybdenum 
Nickel 

8.620 

8.820 

Obsidian 

2.300 

Opal     . 

2.250 

Osmium 

.    21.400 

Palladium    . 

.     11.800 

Pearls  . 

2.750 

Phosphorus  . 

1.830 

Platinum 

.    21.530 

Porcelain  (Chinese) 

2.380 

Porphyry 

2.700 

Potassium     . 

0.865 

Pyrites  (Iron) 

5.000 

Quartz 

.      2.650 

Rhodium 

.    12.100 

Rubidium 

.      1.520 

Ruby  (Oriental)   . 

4.280 

596 

SPECIFIC. 

Table  of  Specific  Heats  , 

aCCOBDING  TO  M.  ReGNAULT. 

Heme  of  Substance. 

J     8pecifle 
Heat* 

Name  of  Substance. 

Specific 
Heat. 

Acetic  acid         • 

0.6501 

Mercury ...... 

0.0333 

Alcohol 

•           • 

0.9402 

Aluminium 

•           • 

0.2143 

a  1086 

Animal  charcoa 

i 

0.2608 

"       earburetted 

0.1163 

Antimonj  . 

0.0508 

Arsenic 

0.0814 

1    Palladium 

Areenioua  acid 

0.1278 

Bismuth 

0.0308 

Boron 

0  2352 

"          amorphous        • 

0  1700 

Bromine 

0.1129 

Cadmium   . 

0.0567 

Carbon        . 

0.2411 

Cast  iron    . 

0.1298 

00837 

Charcoal    . 

0.2415 

Cobalt 

0.1067 

Coke  . 

0.2008 

Copper       . 

0.0951 

Steel,  tempered      .... 

0.1175 

Diamond    . 

0.1468 

Sulphur,  natire      .... 

0.1776 

Dutch  tears 

0.1923 

i          "         melted  nearly  2  months 

01803 

Gold    . 

0  0324 

'         "         recently  melted     . 

0.1844 

Graphite    . 

0.2018 

Iodine 

0.0541 

0.0336 

Iridium 

0.0326 

Iron    •       . 

0.1138 

Lead  •       • 

0.0314 

Lithium     . 

09408 

0.0619 

Magnesium 

0.2499 

Magnesia  • 

0.2439 

00956 

Manganese 

0.1217 

It  will  be  noticed  that  water  possesses  a  higher  specific  heat  than  that  of  any  sub- 
stance in  the  table ;  the  important  effect  of  this  upon  the  climate  of  islands  is  dis- 
cussed elsewhere.  ( Ocean  Currents,  Effects  of,  on  Climate.)  If  we  compare  the 
specific  heat  of  water  with  that  of  some  of  the  metals  we  see  at  once  the  great  differ- 
ence  between  them.  In  the  case  of  mercury,  for  instance,  the  table  gives  us  0.0333 
as  its  specific  heat,  while  that  of  water  is  1.0080,  hence  the  specific  heat  of  water  is 
(1.0080  -T-  0.0333) «  30.27  times  greater  than  that  of  mercury.  In  other  words,  a 
given  weight  of  water  requires  thirty  times  the  amount  of  heat  to  raise  its  tempera- 
ture through  a  certain  number  of  degrees,  that  an  equal  weight  of  mercury  requires 
to  raise  it  through  the  same  number  of  degrees ;  and  the  reverse  of  this  oi  necessity 
takes  place,  a  given  weight  of  water  in  cooling  through,  say  one  degree,  gives  out 
thirty  times  as  much  heat  as  the  same  weight  of  mercury  in  cooling  through  one 
degree.  If  we  mix  a  pound  of  mercury  at  100°  C.  with  a  pound  of  water  at  0°  C, 
the  temperature  of  the  resulting  mixture  will  be  about  3".  The  mercury  has  lost 
97°,  while  the  water  has  gained  only  3°,  hence  obviously  the  pound  of  water  requires 
more  than  30  times  as  much  heat  as  the  pound  of  mercury  to  raise  it  through  the 
same  range  of  temperature.  The  table  also  shows  very  clearly  why,  in  the  experi- 
ment with  the  cake  of  wax,  mentioned  above,  the  iron  sphere  melted  its  way  through 
the  wax,  while  the  tin  and  bismuth  did  not  fall  through. 

The  specific  heat  of  solids  varies  at  different  temperatures,  and  it  is  greater  at  a 
high  temperature  than  at  a  low  one ;  thus  the  mean  specific  heat  of  iron  between  (f 
and  100°  C.  is  0.1098,  while  between  0°  and  300°  C.  it  is  0.1218.  In  the  case  of 
platinum  the  increase  is  much  smaller.  M.  Pouillet  has  found  the  mean  specific  heat 
of  platinum  between  0°  and  100°  C.  to  be  0.0335 ;  between  0°  and  500°  C,  it  is 
0.03518,  and  between  <P  and  1000°  0.  it  is  0.03728. 

The  density  of  substances  has  considerable  influence  on  their  specific  heat ;  as  a 
general  rule  the  specific  heat  diminishes  as  the  density  increases,  and  vice  versa ; 
by  reference  to  the  above  table  it  will  be  seen  that  in  the  case  of  the  three  conditions 
of  carbon,  the  least  dense  (charcoal)  has  a  specific  heat  of  0.2446 ;  the  specific  heat 
of  the  more  dense  (graphite)  is  0.2018 ;  while  that  of  the  most  dense  (diamond)  is 
0.1468.  Now,  inasmuch  as  the  specific  heat  of  a  substance  increases  as  its  density 
is  diminished ;  and  as  an  increase  of  temperature  produces  a  diminution  of  density 
by  expansion  (because  as  the  molecules  are  moved  further  apart  by  the  motion  of 
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heat,  the  same  number  of  molecules  occupy  a  greater  space),  it  is  probable  that  the 
increase  of  specific  heat  due  to  rise  of  temperature  is  to  be  traced  to  the  diminution 
of  density  consequent  upon  expansion.  The  specific  heat  of  a  liquid  is  generally 
greater  than  that  of  the  same  substance  in  the  solid  form.  M.  rerson  has  made 
numerous  experiments  on  this  subject  (Annates  de  Chimie  et  de  Physique,  tome  xxii., 
xxiv.,  xxvii.),  and  the  following  table  embodies  some  of  his  results : — 


Kama  of  Substanee, 


Water 

Chloride  of  calcium . 
Phosphorus 
8ntphor     . 
Tin     ...        . 
Bismuth    . 
Nitrate  of  soda 
Cadmium  .        . 
Lead  .... 
filtrate  of  potash 


Fusing  point. 


0.0  C. 
2S.5 
44.2 

115.0 
232.7 
266.8 
310.5 
3207 
326.2 
839.0 


Specific  Heat. 


In  the  liquid 
condition. 


1.0000 
0.5550 
0.2045 
0.2340 
0.0637 
0.0363 
0.4130 
0.0642 
0.0402 
0.3319 


In  the  solid 
condition. 


0.5040 
0.3450 
0.1788 
0.2026 
0.0562 
0  0808 
0.2782 
0.0567 
0.0314 
0.2388 


The  specific  heat  of  liquids  increases  with  the  temperature  of  the  liquid,  and  at 
a  greater  rate  than  in  the  case  of  solids ;  thus  the  mean  specific  heat  of  water  between 
0°  and  40°  C.  is  1.0013;  between  0°  and  120°  C.  1.0067;  between  0°  and  200°  C. 
1.0160,  according  to  the  determinations  of  M.  Regnault. 

We  come  now  to  the  specific  heat  of  gases,  and  it  is  at  once  obvious  that  the  con- 
ditions are  changed.  For,  while  the  heat  added  to  solids  and  liquids  expands  them 
of  necessity  under  a  constant  pressure  (since  by  no  available  means  can  the  expan- 
sion of  solids  and  liquids  be  restrained),  in  the  case  of  gases  it  is  possible  to  confine 
them  within  a  given  volume  during  heating.  They  may  thus  be  heated  under  a  con- 
stant pressure,  and  permitted  to  expand  like  solids  and  liquids  when  similarly  heated ; 
or  they  may  be  confined  within  a  certain  volume,  and  thus  heated  under  a  constant 
volume,  in  which  case  the  pressure  upon  the  sides  of  the  containing  vessel  will 
increase  as  the  heat  increases.  When  a  gas  expands  under  a  constant  pressure,  it 
will  obviously  perform  a  large  amount  of  exterior  work,  and  by  reference  to  the  article 
on  the  Mechanical  Equivalent  of  Heat,  it  will  be  seen  that  Mayer's  determination 
of  this  equivalent  is  based  on  the  relationship  between  the  amount  of  heat  necessary 
to  raise  the  temperature  of  a  gas  under  a  constant  pressure,  to  that  required  to  raise 
the  gas  through  the  same  number  of  degrees  under  a  constant  volume,  the  excess  of 
heat  in  the  one  case  being  consumed  in  the  performance  of  mechanical  work.  The 
specific  heat  of  gases  and  vapors  is  consequently  greater  under  a  constant  pressure ; 
tnat  is,  when  they  are  permitted  to  expand,  and  thus  to  perform  exterior  work,  than 
under  a  constant  volume.  The  following  table  shows  the  ratio  of  the  specific  heat 
of  various  gases  under  a  constant  pressure  to  their  specific  heat  under  a  constant  vol- 
ume, according  to  the  determinations  of  Dulong : — 


Kama  of  Gas. 

Under  a  constant 
Tolnme. 

Under  a  constant 
pressure. 

Atmospheric  air 

Carbonic  acid    . 
Carbonic  oxide. 
Nitrous  oxide   .       .       . 
Olefiant  gas 

1.421 
1.415 

1.407 
1.339 
1.428 
1.343 
1.240 

1.00 
1.00 
1.00 
1.17 
100 
1.16 
1.53 

Regnault  has  found  that  the  specific  heat  of  a  given  weight  of  a  perfect  gas  (that 
is,  a  gas  which  is  far  from  its  point  of  liquefaction),  does  not  vary  with  the  density  or 
pressure  of  the  gas,  and  it  hence  results  that  the  specific  heat  of  a  given  volume 
varies  as  its  density.  Equal  volumes  of  perfect  gases,  and  of  some  compound  gases, 
formed  without  condensation,  possess  equal  specific  heats ;  but  in  all  cases  relating 
to  the  specific  heat  of  gases,  those  which  are  condensible  do  not  follow  the  laws  which 


598 


SPECIFIC. SPECTRA. 


apply  to  perfect  or  practically  perfect  gases.    The  following  are  some  of  the  results 
obtained  by  Begnault : — 

Specific  Heats  of  Gases  and  Vapors  under  a  Constant  Pressure. 


Specific 

Heats. 

Name  of  Gas  or  Vapor. 

Equal  rolnmes. 

Equal  weights. 

Air 

0.2375 

0.2375 

Oxygen  . 

0  2409 

0.2175 

Nitrogen 

0.2368 

0.2438 

Hydrogen 

0.2359 

3.4090 

Chlorine 

0.2964 

01210 

Bromine,  rapor  of 

0.3040 

0.0AM 

Carbonic  oxide 

0.2370 

0.2130 

Ammonia 

0.2996 

0.506ft 

Marsh  gas 

03277 

0.5929 

Bnlphnrous  acid    . 

0.3414 

0.1554 

Water,  rapor  of    . 

0.2989 

0.4805 

Ether,  vapor  of     . 

1.2266 

0.4797 

Chloroform,  rapor  of    , 

0.6461 

0.1597 

Acetone,  rapor  of . 

0.8264 

04125 

Benzole,  rapor  of  . 

1.0114 

0  3754 

Turpentine,  rapor  of   . 

2.3776 

0.5061 

The  common  volume  in  the  first  column  may  be  taken  as  that  occupied  by  a  pound 
weight  of  air,  the  common  weight  as  one  pound,  and  the  unit  as  the  specific  heat  of 
one  pound  of  water;  now  it  is  obvious  from  the  table  that  one  pound  of  air  existing 
under  a  constant  pressure  will  require  an  amount  of  heat  to  raise  it  one  degree  in 
temperature  equal  to  0.2375  of  that  which  the  pound  of  water  will  require  ;  or.  in 
other  words,  the  quantity  of  heat  necessary  to  raise  one  pound  of  water  one  degree  in 
temperature  would  raise  about  4.2  lbs.  of  air  one  degree.  If  we  take  into  account 
the  relative  densities  of  water  and  air,  we  find  that  a  given  volume  of  water  requires 
the  same  amount  of  heat  to  raise  it  through  a  given  temperature,  as  3234  times  its 
volume  of  air  would  require  to  raise  it  through  the  same  temperature  under  a  con- 
stant pressure. 

We  have  mentioned  above  that  a  substance  generally  possesses  a  higher  specific 
heat  in  the  liquid  than  iu  the  solid  form ;  now  in  the  gaseous  condition  the  specific 
heat  is  again  lowered,  and  is  less  than  it  was  in  the  liquid  condition.  Thus  the  spe- 
cific heat.of  water  is  double  that  of  ice,  and  rather  more  than  double  that  of  steam ; 
the  specific  heat  of  bromine  is  0.0833  as  a  solid ;  0.1060  as  a  liquid ;  and  0.0555  as 
a  gas;  again,  the  specific  heat  of  ether  is  0.5290,  and  of  ether  vapor  0.4797.  (See 
also  Atomic  Heat ;  Calorimetry.) 

Specific  Inductive  Capacity.  See  Capacity,  Specific  Inductive ;  and  Induc- 
tion, Electro-Static. 

Specific  Refractive  Energy.    See  Refractive  Energy,  Specific. 

Specific  Rotatory  Power.  A  term  used  in  connection  with  the  circular  polari- 
zation of  bodies.  It  expresses  the  angle  of  rotation  which  a  column  of  a  substance 
of  standard  length  and  density  imparts  to  a  particular  ray  of  polarized  light. 

Specific  Thermal  Resistance.    See  Conduction  of  Heat. 

Spectacles.  (Spectaculum,  from  specio,  to  look  at.)  Lenses  to  fix  in  front  of 
the  eyes  for  the  purpose  of  rendering  vision  more  distinct.  Long-sighted  eyes  require 
convex  lenses,  wnilst  short-sighted  eyes  require  concave  lenses.  These  are  usually 
of  equal  curvatures  on  each  side.  (See  Eye  ;  Longsightedness  ;  Shortsightedness  ; 
Lenses.) 

Spectra,  Bunsen's  Method  of  Mapping.  See  Mapping  Spectra,  Bunseris 
method  of. 

Spectra,  Diffraction.    See  Diffraction  Spectra. 
Spectra,  Metallic.    See  Colored  Flames. 
Spectra  of  Comets.    See  Cometary  Spectra. 
Spectra  of  Meteors.    See  Meteoric  Spectra. 
Spectra  of  Nebulae.    See  Nebular  Spectra. 

Spectra  of  the  First  Order.  This  term  is  employed  by  Pllicker  to  distinguish 
the  spectra  of  gases  at  a  comparatively  low  temperature  from  those  given  at  higher 
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temperatures.  (See  Nitrogen,  Spectra  of.)  Mr.  Hoggins  used  thin  term  toeipres* 
a  continuous  spectrum. 

Spectra  of  the  Second  Order,  nicker  designates  by  this  a  form  of  gaseous 
spectrum  which  is  apparent  when  a  high  temperature  is  employed.  (See  Nitrogen, 
Spectrum  of.)  Mr.  Hugging  usee  this  term  for  the  spectrum  of  bright  lines  given 
by  an  incandescentgfts. 

Spectra  of  the  Third  Order.  A  term  employed  by  Mr.  Hoggins  to  distinguish 
a  spectrum  in  which  dark  lines  are  visible. 

Spectroscope.  (Spectrum,  oimiu,  to  view.)  (Fig.  120.1  An  instrument  for 
forming  and  ""-mining  the  spectrum.    It  consists  of  two  telescopes,  ordinarily  of 


from  ten  to  twenty  inches  focus,  arranged  on  a  stand  with  the  two  object-glasses 
facing  each  other.  The  eye-piece  of  one  is  removed,  and  in  its  place  is  a  narrow  slit 
formed  of  two  Straight  edges  of  metal,  adjustable  with  screws  so  as  to  allow  a  line 
of  light  of  any  desired  width  to  enter  the  instrument    If  the  two  telescopes  are  now 
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placed  in  a  line,  the  slit  being  illuminated,  an  observer  at  the  eye-piece  of  the  other 
telescope  will  see  a  magnified  image  of  this  slit  in  the  form  of  a  brilliant  line  of  light. 
Now  let  a  glass  prism  be  placed  in  the  instrument  between  the  two  telescopes,  and 
let  the  observing  telescope  be  turned  round  so  as  to  bring  it  into  the  path  of  the  raj 
of  light  which  has  been  deflected  by  the  prism,  and  suppose  the  slit  is  illuminated 
with  Homogeneous  light — that  from  a  soda  flame,  for  instance — the  observer  will  still 
see  in  the  telescope  an  image  of  the  slit  as  sharply  defined  as  before,  since  the  prism 
has  only  deflected  the  ray  from  its  course,  but  can  exert  no  dispersive  action  on  it 
because  the  light  is  homogeneous.  Now,  while  everything  remains  as  before,  let  a 
flame  colored  with  thallium,  as  well  as  sodium,  be  placed  in  front  of  the  slit ;  in  this 
case  we  have  two  rays  of  light  passing  through  the  prism,  one  homogeneous  yellow, 
as  before,  forming  a  yellow  image  of  the  slit,  and  another  homogeneous  green,  from 
the  thallium,  forming  a  green  image.  But  these  two  colors  have  different  refrangi- 
bilities ;  two  images  of  the  slit  will  therefore  be  seen  side  by  side,  one  bright  yellow 
and  the  other  bright  green,  the  latter  being  more  refracted  from  the  original  direc- 
tiun  of  the  light  than  the  yellow  image.  Let  us  now  introduce  a  third  substance 
into  the  flame,  viz.,  lithium.  This  will  emit  homogeneous  red  light,  and  consequently 
in  the  observing  telescope  a  red  image  of  the  slit  will  be  seen  by  the  side  of  the  other 
two,  and  not  so  much  refracted  as  either  of  them.  If,  therefore,  the  observer  places 
at  one  end  of  the  instrument  a  spirit  lamp,  in  the  flame  of  which  are  compounds  of 
the  three  metals,  lithium,  sodium,  and  thallium,  and  looks  through  the  eye-piece  at 
the  other  end,  he  will  see  three  colored  images  of  the  slit,  or,  in  other  words,  three 
colored  lines — red,  yellow,  green — separated  by  a  definite  interval.  This  appearance 
is  called  the  spectrum  of  the  light,  and  the  instrument  is  called  a  spectroscope.  In 
this  description  the  principle  rather  than  the  details  of  construction  nave  been  given ; 
these  vary  with  almost  every  maker.  The  prisms  are  increased  in  number  from  two 
or  three  up  to  fifteen  or  twenty  ;  they  are  either  of  the  ordinary  triangular  shape, 
or  are  so  constructed  as  to  give  dispersion  without  refraction.  (See  Prism,  Direct 
Vision.)  The  slit  is  furnished  with  delicate  screw  adjustments,  and  frequently  also 
with  a  reflecting  prism,  so  as  to  get  two  spectra  in  the  field  of  view  at  the  same 
time,  whilst  the  observing  telescope  is  caused  to  move  along  the  graduated  arc  of  a 
circle  furnished  with  verniers,  and  a  micrometer  is  frequently  attached  to  the  eye- 
piece. The  whole  is  inclosed  so  as  to  prevent  extraneous  light  from  interfering  w'iih 
the  delicacy  of  the  observations.  The  object  glass  of  the  telescope  to  which  the  slit 
is  attached  is  called  the  collimating  lens.  At  the  Liverpool  meeting  of  the  British 
Association,  held  in  September  1870,  Mr.  J.  Browning  brought  forward  an  improved 
instrument  which  he  calls  an  Automatic  Spectroscope.  It  is  provided  with  a  battery 
of  six  equilateral  prisms,  their  bases  being  linked  together  by  their  corners,  and  the 
whole  chain  being  then  bent  round  so  as  to  form  a  circle  with  the  apices  outwards. 
To  the  centre  of  each  base  is  a  projecting  radial  rod  having  a  slot  in  it  wnich  passes 
over  a  fixed  centre  piu  common  to  all.  The  first  prism  of  the  train  is  a  fixture,  and 
the  other  prisms  are  all  enabled  to  move  in  proportion  to  their  distance  from  the  first. 
Thus,  if  tne  second  prism  moves  through  an  arc  of  1°,  the  third  will  move  2°,  the 
fourth  3°,  the  fifth  4°,  whilst  the  sixth  will  move  through  an  arc  of  5°.  All  these 
movements  take  place  simultaneously  upon  moving  the  observing  telescope,  and  the 
amount  of  motion  of  each  prism  and  of  the  telescope  is  so  arranged  that  the  prisms 
are  automatically  adjusted  to  the  minimum  angle  of  deviation  for  the  ray  under  ex- 
amination. On  removing  the  eye-piece  from  the  observing  telescope  and  looking  in 
at  the  object  glass,  the  whole  field  is  found  to  be  filled  witn  the  light  of  the  color  of 
that  portion  of  the  spectrum  which  the  observer  wishes  to  examine ;  whilst  in  a 
spectroscope  of  the  usual  construction,  at  the  extreme  ends  of  the  spectrum  just 
where  the  light  is  most  required,  only  a  lens-shaped  line  of  light  would  be  found  in 
the  field  of  view.  Owing  to  this,  more  of  the  red  and  violet  ends  of  the  spectrum 
can  be  seen  than  in  an  ordinary  spectroscope,  and  the  H  lines,  which  are  generally 
so  difficult  to  see,  come  out  in  a  very  distinct  manner.     (See  Spectrum.) 

Spectroscope,  Stellar.     See  Stellar  Spectroscope. 

Spectrum.  (Spectrum,  an  image.)  When  a  ray  of  white  light  falls  upon  a 
prism,  it  is  refracted,  and  at  the  same  time  dispersed,  its  component  colors  being 
spread  out,  forming  the  spectrum  of  the  light.  By  passing  the  light,  in  the  first 
place,  through  a  very  narrow  slit  (from  the  yigth  to  the  ydrvth  of  an  inch  wide), 
and  then  letting  it  pass  through  several  prisms  and  lenses  (see  Spectroscope),  the 
spectrum  may  be  obtained  of  a  high  degree  of  purity — that  is,  the  different  colored 
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images  of  the  slit  are  arranged  side  by  side  in  the  order  of  their  refrangibility  with- 
out overlapping  each  other,  even  in  some  cases  showing  blank  spaces  between  them. 
Sir  Isaac  Newton,  who  first  observed  the  prismatic  decomposition  of  light,  considered 
the  spectrum  to  be  divided  into  seven  colors — red,  orange  yellow,  green,  blue,  in- 
digo, and  violet,  but  no  sharp  Hue  of  distinction  can  be  observed  between  any  of 
these  colors,  as  they  shade  into  one  another  through  infinite  gradations.  When 
great  accuracy  is  required  in  speaking  of  any  particular  part  of  the  spectrum,  it 
should  be  referred  to  one  of  the  well-defined  lines  in  the  solar  spectrum,  to  one  of 
the  bright  lines  or  absorption  bands  of  artificial  spectra,  to  the  number  on  Kirch- 
hoff's  scale  (see  Roscoe's  Spectrum  Analysis,  page  180,  etc.),  or  to  some  numerical 
standard,  taking  the  distance  between  two  well-defined  Hues  as  100 ;  or  the  actual 
wave-length  of  the  light  may  be  given.  (See  Absorption  Lines  of  Spectrum  ;  Ab- 
sorption, Spectra;  Atmospheric  Lines  of  the  Spectrum  ;  Aurora  Boreal  is,  Spec- 
trum of;  Bessemer  Flame,  Spectrum  of;  Blood  Absorption,  Lines  in  ;  Brewster*  8 
Theory  of  the  Spectrum;  Catsium,  Spectrum  of;  Carbon,  Spectrum  of;  Chlo- 
rine, Spectrum  of;  Colored  Flames  ;  Corona,  Spectrum  of  the  ;  Electric  Bi'ush 
and  Glow,  Spectrum  of;  Electric  Light  and  Spark,  Spectrum  of;  Elements, 
Spectra  of  the  ;  Fraunhofer's  Lines  ;  Oeissler1s  Tubes  ;  Kirchhoff's  Theory  of 
the  Lines  in  the  Solar  Spectrum  ;  IAthium,  Spectrum  of;  Lightning,  Spectrum 
of ;  Mapping  Spectra  ;  Nitrogen,  Spectrum  of;  Normal  Solar  Spectrum  ;  Oxy- 
gen, Spectrum  of;  Phosphorus,  Spectrum  of;  Spectrum  Analysis;  Spectrum, 
Illuminating  Power  of  the ;  Spectrum  Microscope ;  Spectroscope ;  Stars,  Spec- 
tra of) 

Spectrum  Analysis.  A  term  applied  to  a  method  of  qualitative  analysis  which 
has  been  recently  introduced,  and  by  means  of  which  important  discoveries,  bear- 
ing on  the  distribution  of  the  chemical  elements  not  only  in  new  terrestrial  localities, 
but  also  in  the  sun,  fixed  stars,  comets,  and  nebulae,  have  been  obtained.  By  its 
means  four  new  elements  have  been  discovered,  viz.,  caesium,  rubidium,  thallium, 
and  indium.  We  have  explained  elsewhere  (see  Fraunhofer's  Lines  ;  Spectrum), 
that  when  a  very  pure  solar  spectrum  is  obtained  it  is  traversed  by  an  immense 
number  of  sharp  black  lines.  To  simplify  the  explanation,  we  will  take  one  as  an 
illustration.    The  double  line  known  as  Fraunhofer's  D  in  the  yellow  (Fig.  121), 

Fig.  121. 
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one  of  the  most  conspicuous,  has  long  been  known  to  occupy  exactly  the  same  place 
as  a  luminous  double  line  produced  by  sodium  compounds  when  introduced  iuto  the 
flame  of  a  spirit  lamp ;  in  fact,  by  placing  such  a  spirit  flame  before  the  slit  of  a 
spectroscope  the  luminous  lines  could  be  made  to  fill  up  and  absolutely  obliterate 
tne  black  I)  lines.  The  relationship  which  was  suspected  to  exist  betweeu  the 
luminous  and  the  black  lines  was  first  clearly  proved  by  Kirchhoff  in  the  autumn 
of  1859,  who,  as  the  result  of  his  experiments,  was  led  to  the  discovery  that  the 
incandescent  vapor  of  sodium,  which  has  a  very  high  power  of  emitting  the  yellow 
light  D,  possessed  in  an  equal  degree  the  power  of  absorbing  that  same  light.  In 
general  terms,  the  law  may  be  considered  an  extension  of  Dr.  Balfour  Stewart's 
law  of  exchanges,  and  may  be  expressed  as  follows  :  Every  substance  which,  at  a 
given  temperature,  emits  light  or  a  certain  refrangibility,  possesses,  at  the  same 
temperature,  the  power  of  absorbing  light  of  that  refrangibility.  What  was  proved 
to  be  true  in  the  case  of  sodium  has  since  been  shown  to  hold  good  with  every  other 
element ;  and  the  black  lines  in  the  solar  spectrum  are  now  considered  to  be  due  to 
the  reversal  of  the  luminous  lines  due  to  the  incandescent  vapors  with  which  the 
sun  ia  surrounded.  The  system  of  luminous  lines  yielded  by  many  elements,  espe- 
cially the  metals  of  the  alkalies  and  alkaline  earths,  are  very  marked  in  their  char- 
acter ;  thus  a  sodium  compound  volatilized  in  a  spirit  flame  and  examined  in  the 
spectroscope  shows  a  brilliant  yellow  double  line ;  a  lithium  compound,  an  intense 
crimson  line ;  a  thallium  compound,  a  bright  green ;  whilst  other  elements  give  spec- 
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tra  almost  as  characteristic,  although  less  simple.  The  presence  of  one  element  does 
not  interfere  with  the  spectrum  given  by  another,  so  that,  by  igniting  a  mixture  of 
salts  in  a  spirit  flame,  the  several  metallic  elements  which  it  contains  can  be  recog- 
nized at  once  in  the  spectroscope.  The  delicacy  of  these  spectrum  reactions  n 
very  great ;  of  sodium,  the  180-millionth  part  of  a  grain  can  easily  be  detected,  of 
lithium,  the  6-millionth  part  of  a  grain,  and  proportionally  minute  traces  of  other 
bodies.  This  method  of  spectrum  analysis  is  now  constantly  nsed  in  chemical  labora- 
tories. As  it  has  been  proved  that  the  black  lines  of  the  spectrum  are  simply  due 
to  the  reversal  of  luminous  lines,  it  is  evident  that  the  presence  of  an  element  can 
be  just  as  conclusively  proved  by  recognizing  its  system  of  black  lines  as  of  its 
bright  lines ;  therefore,  bv  carefully  preparing  maps  of  the  lines  given  by  the  ter- 
restrial, and  comparing  them  with  the  lines  of  solar,  stellar,  and  other  spectra,  the 
terrestrial  elements  (iron,  copper,  zinc,  nickel,  sodium,  etc.)  are  shown  to  be  present 
in  the  celestial  bodies.  For  further  information  on  this  point  see  Roscoe  on  Spec- 
trum Analysis,  Macmillan,  1869 ;  and  also  articles  Spectrum  ;  Fraunhofcr*s  Lines  ; 
Spectra  of  the  Elements  ;  Metallic  Spectra  ;  Spectroscope. 

Spectrum,  Chemical  Action  of.    See  Actinism. 

Spectrum,  Dark  Lines  of  the.    See  Fraunhofer's  Lines. 

Spectront  Illuminating  Power  of.  The  illuminating  power  of  the  solar  spec- 
trum attains  its  maximum  in  the  yellow,  and  diminishes  on  each  side  according  to  a 
rapidly  descending  curve.    (See  Spectrum.) 

Spectrum  Microscope.  Compound  microscopes  frequently  have  a  spectroscope 
attached  to  them,  so  as  to  enable  the  spectrum  of  the  light  passing  through  any 
object  in  the  field  of  view  to  be  examined.  ^  There  are  two  principal  forms  of  spec- 
trum apparatus,  in  both  of  which  direct  virion  prisms  are  employed.  The  simplest 
form  consists  in  fitting  a  small  slit  at  one  end  of  a  tube  about  three  inches  long,  and 
a  convex  lens  at  the  other  end,  adjusted  to  distinct  vision  of  the  slit ;  between  the 
two  a  compound  prism  is  placed,  and  the  whole  then  becomes  a  small  direct  vision 
spectroscope,  showing  the  principal  Fraunhofer  lines  when  held  up  to  the  sky. 
This  instrument  is  arranged  to  slide  over  the  eye-piece  of  the  microscope,  and  it 
then  gives  a  spectrum  of  the  light  transmitted  by  any  object  which  is  in  the  field 
of  view.  A  reflecting  prism  is  sometimes  fixed  beneath  one  half  of  the  slit,  so  as 
to  obtain  a  standard  spectrum  in  the  field,  together  with  the  one  under  examination. 
One  great  objection  to  this  form  is,  that  the  dispersion  is  so  slight,  and,  moreover, 
the  eye  has  to  be  removed  from  the  instrument  when  the  spectrum  apparatus  has  to 
be  removed.  Mr.  Crookes  has  devised  a  form  of  spectrum  microscope  in  which  these 
difficulties  are  overcome.  Beneath  the  principal  stage  of  the  microscope  is  a  sub- 
stage  carrying  a  half-inch  object  glass,  which  throws  an  image  of  a  slit  into  the 
field  of  view;  the  slit  is  carried  on  a  brass  slide,  by  pushing  which  it  can  be  replaced 
by  a  circular  aperture  admitting  a  wide  beam  of  light,  or  a  square  aperture  to  be 
used  when  searching  for  dichroism.  Immediately  above  the  object  glass  is  a  slider 
carrying  the  direct  vision  prisms,  which,  by  a  movement  of  the  finger,  can  be  thrown 
in  or  out  of  the  field.  All  these  parts  may  be  permanently  attached  to  the  micro- 
scope, as  they  do  not  interfere  with  its  ordinary  work.  When,  however,  it  is  desired 
to  examine  the  spectrum  of  any  object  which  is  in  the  field,  the  image  of  the  slit 
is  brought  in  with  one  touch  of  the  finger,  and  the  prisms  are  pushed  in  with  another, 
when  the  spectrum  appears,  and  may  be  brought  to  accurate  focus  by  the  ordinary 
rackwork  adjustment.  "When  ordinary  daylight  is  used,  Fraunhofer's  lines  are 
clearly  visible,  and  with  sunlight  the  line  D  can  be  doubled.  By  using  a  spirit 
flame  containing  an  alkaline  or  alkaline  earthy  compound,  the  bright  lines  are  seen 
as  in  an  ordinary  spectroscope.  In  fact,  this  instrument  may  replace  a  spectroscope 
for  most  purposes. 

Spectrum  Of  Hydrogen.  See  Hydrogen,  Spectrum  of;  Hydrogen  Lines, 
Broadening  of. 

Spectrum,  "Photographs  of  the.    See  Actinism. 

Spectrum,  Projection  o£  on  Screen.  This  is  now  almost  invariably  effected 
by  means  of  the  electric  light ;  the  optical  arrangements  attached  to  the  lantern 
are  a  magic  lantern  condenser  near  the  carbon  poles,  adjusted  so  as  to  illuminate 
the  slit  as  much  as  possible.  Outside  the  lantern  an  achromatic  convex  lens,  either 
single  or  compound,  receives  the  light  from  the  slit  and  brings  it  to  a  focus  on  the 
screen,  where  it  forms  an  intensely  bright  and  sharp  line  of  light,  whose  apparent 
width  may  be  adjusted  by  the  screw  attachments  to  the  slit.    A  prism  or  prisms 
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now  being  interposed,  the  light  is  refracted  and  dispersed  into  a  brilliant  colored 
spectrum.  If  the  lower  carbon  pole  is  hollowed  into  the  form  of  a  small  crucible, 
metals  such  as  thallium,  silver,  etc.,  or  alkaline  and  earthy  compounds,  such  as  chlo- 
ride of  lithium,  or  strontium,  etc.,  can  be  inserted ;  and  being  volatilized  by  the 
intense  heat,  produce  an  incandescent  arc,  which  will  project  on  to  the  screen  the 
spectrum  characteristic  of  the  substance  present.  (See  Spectrum;  Elements,  Spec- 
tra of  the  ;  Metallic  Spectra.) 

Specular  Iron.    See  Iron,  Cast. 

Speculum.  (Speculumy  a  mirror.)  A  highly  polished  reflecting  surface.  This 
term  is  usually  confined  to  the  concave  reflectors  of  astronomical  telescopes,  which 
are  made  of  speculum  metal  or  silvered  glass.  In  the  former  case,  the  alloy  is 
simply  ground  and  polished  to  a  parabolic  surface.  (See  Parabolic  Mirror.)  In 
the  latter  case,  a  glass  surface  is  polished  to  a  parabolic  curve,  and  metallic  silver 
is  theu  precipitated  upon  the  surface  by  chemical  means,  which  is  afterwards  polished. 
For  a  discussion  of  the  relative  merits  of  glass  and  metallic  speculae,  see  Mr.  Grubb's 
paper  Phil.  Trans.,  1869,  p.  127. 

Speculum  Metal.  An  alloy  of  which  the  parabolic  reflectors  of  astronomical 
telescopes  are  made.  Lord  Rosse's  alloy  consists  of  four  equivalents  of  copper  to 
one  of  tin.  This  is  probably  the  best,  and  is  the  one  used  in  the  great  Melbourne  tele- 
scope. The  Rev.  W.  T.  Kingsley  adds  to  this  compound  one-fourth  of  an  equiva- 
lent of  zinc. 

Speiss.  A  name  applied  to  a  mixed  sulphide  and  arsenide  of  nickel,  obtained  in 
the  manufacture  of  smalt.    Nickel  is  usually  procured  from  it. 

Spelter.    A  name  sometimes  applied  to  crude  metallic  zinc. 

Spermaceti.  A  white  crystalline  fatty  substance  occurring  with  sperm  oil  in  the 
head  of  the  sperm  whale.  It  is  very  soft  and  brittle,  of  specific  gravity  0.943.  It 
melts  at  about  40°  C.  (104°  F.). 

Sphere,  FOCUS  of.  The  distance  of  the  principal  focus  of  a  sphere  from  the  cir- 
cumference varies  according  to  the  index  of  refraction  of  the  substance  of  which  the 
sphere  consists.  Thus,  supposing  the  sphere  to  be  one  inch  diameter,  the  focus 
would  be  four  feet  for  tabasheer,  whose  index  of  refraction  is  1.11145 ;  1  foot  for 
water ;  £  an  inch  for  glass,  and  nothing  for  zircon — that  is  to  say,  in  a  zircon  sphere 
.the  focus  would  coincide  with  the  circumference.  The  rule  is,  divide  the  index  of 
refraction  by  twice  its  excess  above  unity,  and  the  quotient  is  the  distance  from  the 
centre  of  the  sphere  to  the  focus,  in  radii  of  the  sphere. 

Spherical  Lens.  A  sphere  of  glass,  or  other  transparent  medium,  is  sometimes 
called  a  spherical  lens. 

Spheroidal  Condition  of  Liquids.    See  Leidenfrosfs  Experiment. 

Spica  seu  Spica  Azimech.     (Arabic.)    The  star  a  of  the  constellation  Virgo. 

Spiegeleisen.    See  Iron,  Cast. 

Spiral  Nebulae.    See  Nebulce. 

Spots  on  the  Sun.    See  Sun. 

Sprengel's  Pump.  An  ingenious  and  excellent  invention  of  Mr.  H.  Sprengel  for 
obtaining  a  perfect  or  almost  perfect  vacuum.  Suppose  it  were  required  to  exhaust 
a  vessel  of  air,  and  that  we  could  put  it  in  communication  with  the  vacuous  space 
left  at  the  top  of  a  tube  of  mercury  more  than  30  inches,  or  of  water,  more  than  32 
feet  high  (see  Torricellian  Vacuum),  a  certain  amount  of  the  air  would  be  drawn 
out  of  it  into  the  vacuous  space,  and  the  level  mercury  or  water  in  the  tube  would 
fall.  If,  then,  the  connection  with  the  air  vessel  were  cut  off,  and  if  the  mercury  or 
water  tube  were  again  filled  up,  and  a  perfect  Torricellian  vacuum  obtained,  on  once 
more  connecting  the  air  vessel  to  the  vacuum  tube,  a  second  portion  of  the  air  would 
be  removed,  and  by  degrees  the  whole  of  it  might  in  this  way  be  got  rid  of.  This  is 
precisely  what  Sprengel's  pump  does  in  a  continuous  way.  In  its  simplest  form  it 
consists  of  a  straight  tube,  which,  if  mercury  be  used,  may  conveniently  be  5  feet 
long ;  and  if  water  be  employed,  ought  to  be  about  40.  The  lower  extremity  dips 
under  the  surface  of  mercury  or  water  in  a  receiving  vessel,  and  to  the  upper  is  at- 
tached a  funnel  which  is  kept  full  of  the  liquid.  A  stopcock  is  inserted  between  the 
funnel  and  the  tube ;  and  when  the  stopcock  is  open,  the  liquid  flows  from  the  funnel 
to  the  receiving  vessel  below.  At  a  point  in  the  tube  more  than  30  inches,  if  mer- 
cury be  used  (or  32  feet  if  water  be  employed),  from  the  surface  of  the  liquid  in  the 
receiving  vessel,  there  is  a  lateral  opening,  from  which  a  small  short  tube  proceeds, 
and  to  this  is  attached  by  an  India-rubber  connecting  tube,  or  by  corks,  or  in  any 
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other  convenient  way,  the  vessel  which  is  to  be  exhausted.  The  stopcock  is  then 
opened,  and  the  liquid  permitted  to  flow  down  from  the  funnel.  As  the  liquid  de- 
scends bubbles  of  air  are  seen  to  rush  from  the  vessel  to  be  exhausted,  through  the 
lateral  tube,  into  the  principal  tube,  and  they  are  carried  forward  with  the  falling 
column  down  to  the  receiving  vessel  beneath,  where,  if  necessary,  they  may  be  c<£ 
lectcd  if  the  extremity  of  the  principal  tube  is  bent  upward  into  a  form  convenient 
for  delivering  gases.  When  the  bubbles  of  air  no  longer  flow  into  the  mercury  tube; 
the  vessel  is  completely  exhausted,  and  the  vacuum  obtained  in  this  way  is  almost 
as  perfect  as  the  Torricellian  vacuum. 

It  will  be  seen  from  what  we  have  said  that  the  quantity  of  air  removed  in  each 
bubble  cannot  be  very  great.  It  is,  therefore,  found  convenient,  when  the  vessel  to 
be  exhausted  is  very  large,  to  connect  it,  in  the  first  instance,  with  a  common  air- 
pump,  and  by  means  of  it  to  remove  the  greater  portion  of  the  air ;  then  to  attach  it 
to  Sprengel's  pump  and  complete  the  exhaustion.  The  description  of  the  pump  by 
Mr.  8 pre n gel  will  be  found  in  the  Journal  of  the  Chemical  Society,  1865. 

Spring.    See  Seasons. 

Spring-Balance.  An  instrument  by  which  the  intensity  of  forces  is  measured 
by  the  compression  they  produce  upon  springs.  This  principle  is  applied  in  many 
ways.  In  one  of  these  the  instrument  consists  of  an  elastic  bent  bar  of  steel,  to  the 
ends  of  which  metallic  graduated  arcs  are  attached.  The  outer  arc,  fixed  to  the 
lower  portion  of  the  bar,  passes  through  an  aperture  in  the  upper  portion,  and  termi- 
nates in  a  ring,  by  which  the  instrument  is  supported.  The  inner  arc  is  attached  to 
the  upper  arm,  passes  through  the  lower  arm,  and  has  a  hook  at  its  extremity  to 
which  a  weight  can  be  fastened.  The  instrument  is  graduated  by  means  of  standard 
weights,  which,  when  suspended  from  the  hook,  cause  the  two  portions  of  the  steel 
band  to  approach  each  other  till  the  elastic  force  of  the  steel  counterbalances  the 
weight.  The  extent  to  which  the  outer  arc  is  caused  to  project  beyond  the  upper 
part  of  the  bar  by  different  weights,  determines  the  points  of  graduation  for  the 
corresponding  intensities  of  force,  and  thus  forces  of  many  kinds  can  be  expressed  in 
terms  of  the  unit  of  weight.  Whenever  a  spring-balance  is  applied  to  compare  dif- 
ferent kinds  of  force,  it  forms  a  dynameter.  (See  Dynameter.)  Spring-balances  ca- 
pable of  measuring  very  large  forces  can  be  constructed,  and  applied  to  such  purposes 
as  that  of  measuring  the  force  with  which  a  horse  draws  a  carriage  along  a  road. 
Another  form  of  spring-balance  has  the  weight  attached  to  the  exterior  of  a  hollow 
metal  cylinder  in  which  a  spring  is  coiled.  The  spring  is  compressed  by  the  rod  of 
suspension,  which  is  connected  with  the  lowest  part  of  the  spring.  The  rod  is  grad- 
uated according  to  the  extent  of  its  rise  out  of  the  cylinder. 

Stability.  (Stabilis,  able  to  stand,  from  stare,  to  stand.)  See  Equilibrium, 
and  Gravity,  Centre  of. 

Stable  Equilibrium.    See  Equilibrium. 

Standard  (Absolute)  of  Length,  Time,  and  Mass.  Professor  J.  Clerk  Maxwell, 
F.li.S.,  in  his  address  to  the  mathematical  and  physical  section  of  the  British  Associa- 
tion (Liverpool  meeting),  held  in  September,  1870,  threw  out  the  suggestion  that, 
if  we  wish  to  find  an  absolutely  unchangeable  standard  of  length,  time,  and  mass,  we 
have  it  in  a  molecule  of  hydrogen ;  for  when  agitated  bv  heat  or  by  the  passage  of 
the  electric  spark,  these  molecules  vibrate  precisely  in  the  mme  periodic  time.  Not 
only  has  every  molecule  of  terrestrial  hydrogen  the  same  system  of  periods  of  free 
vibration,  but  the  spectroscopic  examination  of  the  light  of  the  sun  and  stars  shows 
that  in  regions,  the  distance  of  which  wc  can  only  feebly  imagine,  there  are  mole- 
cules vibrating  in  as  exact  unison  with  the  molecules  of  terrestrial  hydrogen  as  two 
tuning-forks  tuned  to  correct  pitch.  If,  then,  we  wish  to  obtain  standards  of  length,  time, 
and  mass,  which  shall  be  absolutely  permanent,  we  must  seek  them,  not  in  the  di- 
mensions or  the  motion  or  the  mass  of  our  planet,  but  in  the  wave-length,  the  period 
of  vibration,  and  the  absolute  mass  of  these  imperishable  and  unalterable,  and  per- 
fectly similar  molecules. 

Stannates.  Combinations  of  binoxide  of  tin  or  stannic  acid  (see  Tin)  with  bases 
are  called  stannates.  The  following  are  the  most  important:  Stannate  of  Potassium 
(K2O.SnOr3H,0)  separates  from  its  solutions  in  hard  transparent  crystals,  of  spe- 
cific gravity  3.2,  readily  soluble  in  water,  but  insoluble  in  alcohol.  Stannate  of 
Sodium  (NaaO.SnOj.3H3O)  crystallizes  in  large  hexagonal  plates,  which  are  very 
soluble  in  cold  water,  but  much  less  so  in  hot  Both  the  6odium  and  potassium  salts 
are  much  used  in  calico  printing  and  dyeing. 
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Stannic  Acid.    See  Tin  ;  Binoxide. 

Star.  (m*w,  a^rpw.)  All  the  discrete  luminous  bodies  which  lie  beyond  the 
outermost  bounds  of  the  solar  system  are  called  in  astronomy  stars.  The  nearest  of 
these  bodies  is  yet  removed  to  a  distance  so  enormous  that  the  earth's  orbital  motion 
around  the  sun  produces  no  obvious  change  in  the  star's  position.  Nor  are  any  of 
these  external  orbs  subject  to  motions  great  enough  to  cause  them  to  shift  their 
places  in  an  obvious  manner.  Hence  these  orbs  are  called  the  fixed  stars,  to  dis- 
tinguish them  from  the  planets  whose  positions  on  the  sky  vary  obviously,  both  on 
account  of  the  earth's  and  their  own  motions. 

Nomenclature  of  the  Stars.  One  of  the  earliest  works  undertaken  by  the  astron- 
omer must  have  been  the  formation  of  a  system  by  which  the  fixed  stars  could  be 
distinguished  one  from  the  other.  To  this  end  groups  of  stars  were  compared  to 
Tarious  animals  and  other  objects  (see  Constellations),  and  the  separate  stars  were 
referred  to  according  to  their  positions  in  these  figures,  while  the  more  conspicuous 
orbs  received  special  names.  But  this  method  was  cumbrous  and  inconvenient ;  and 
as  the  number  of  observed  stars  increased,  it  became  absolutely  necessary  to  invent 
a  more  effective  system  of  nomenclature.  The  plan  in  use  at  the  present  time  is  the 
one  which  in  effect  replaced  the  inconvenient  nomenclature  of  the  ancients ;  and  it 
affords  striking  evidence  of  the  difficulty  of  effecting  improvements  in  this  particular 
branch  of  astronomy,  that  the  modern  system  should  have  come  so  late  into  use,  as 
well  as  that  it  should  be  retained,  now  that  astronomy  has  made  such  important  ad- 
vances in  other  respects.  According  to  this  plan,  the  stars  belonging  to  each  con- 
stellation were  distinguished  by  the  letters  of  the  Greek  alphabet,  the  brightest  by 
the  letter  a,  the  next  by  the  letter  0,  and  so  on  in  order.  When  the  Greek  letters 
were  exhausted,  the  Roman  letters  followed  in  order,  and  then  the  Italian.  It  would 
Dot  seem  that  Bayer  was  very  careful  as  regards  the  sequence  of  the  stars  in  order 
of  brightness ;  but  there  can  be  no  doubt  that,  in  many  instances,  the  apparent  want 
of  correspondence  between  the  order  of  brightness  and  the  order  of  Bayer's  lettering 
is  due  to  a  real  change  in  the  brightness  of  many  stars  since  his  day.  The  next 
mode  of  indicating  the  stars  which  has  to  be  noticed  is  that  employed  by  Flamsteed. 
This  astronomer  numbered  the  stars  in  each  constellation  in  the  order  of  their  right 
ascension,  including  in  the  list  all  the  stars  whose  places  he  had  observed  and  re- 
corded. Thus  many  stars  invisible  to  the  naked  eye  appear  in  Flamsteed's  list.  His 
numbers  are  given  to  stars  which  Bayer  had  already  lettered,  as  well  as  others  left 
unnamed  by  Bayer.  Thus  many  stars  have  two  distinct  appellations,  a  source  of  ob- 
vious confusion.  In  some  instances  it  has  even  happened  that  the  two  names  of  a 
star  actually  refer  it  to  different  constellations.  Thus  the  star  which  Bayer  called  % 
Scorpii  is  called  by  Flamsteed  51  Librae.  The  eminent  observer  Piazzi  arranged 
the  stars  he  observed  in  hours  of  right  ascension,  numbering  them  in  order  of  R.A. 
throughout  each  hour.  Thus  the  star  230  XV.  is  the  230th  in  order  of  R.A.  within 
the  15th  hour  of  right  ascension.  This  arrangement,  like  all  depending  on  the  po- 
sition of  a  star  in  right  ascension  and  declination,  has  the  disadvantage  of  being  ren- 
dered practically  unintelligible  through  the  changes  produced  by  the  precession  of 
the  equinoxes.  The  use  of  Roman  and  Italic  letters  has  been  adopted  on  a  some- 
what anomalous  plan.  In  the  constellation  Argo,  Roman  capitals  and  Italic  com- 
mon letters  are  employed  to  indicate  stars  belonging  to  the  subdivisions  Vela.  Mains, 
Carina,  and  Puppis.  Elsewhere  small  Italic  letters  are  occasionally  employed,  as 
well  as  Roman  capitals  belonging  to  the  first  part  of  the  alphabet.  But  every  where, 
except  in  Argo,  Roman  capitals  belonging  to  the  latter  part  of  the  alphabet  (begin- 
ning with  R),  are  employed  to  indicate  the  variable  stars  of  a  constellation  in  the 
order  of  their  discovery. 

Undoubtedly  it  would  be  most  advantageous  if  a  system  of  nomenclature  could  be 
devised  by  which  all  the  anomalies  of  the  present  arrangement  could  be  removed. 
The  irregular  and  continually  varying  figures  of  the  constellations  suggest  that,  as 
regards  the  division  of  the  heavens  into  small  parts,  a  wholly  new  plan  should  be 
adopted.  Again,  the  changes  resulting  from  precession,  render  a  reference  either  to 
right  ascension  and  declination,  or  to  longitude  and  latitude,  inconvenient.  What 
is  obviously  wanted  is  the  division  of  the  heavens  according  to  a  uniform  plan,  de- 
pending on  the  features  actually  presented  by  the  sidereal  system.  The  galactic  zone 
affords  a  natural  circle  of  reference ;  and  a  system  of  division  and  nomenclature  re- 
ferred to  that  circle  would  have  the  important  advantage  of  being  liable  to  no 
changes,  save  those  resulting  from  the  proper  motions  of  the  stars,  which  would  not 
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(for  this  purpose)  appreciably  affect  the  heavens  for  thousands  of  years  to  come. 
Even  when  chaoses  were  thus  rendered  necessary,  they  would  be  unimportant  (if  the 
original  plan  of  division  had  been  well  devised;  and  easily  effected. 

Distribution  of  the  Stars.  There  are  few  subjects  which  are  better  worthy  of  study 
than  the  laws  regulating  the  distribution  of  the  stars  \L)  over  the  celestial  sphere, 
and  (ii.j  throughout  space.    On  the  second  point  we  most  be  guided  for  the  present 
rather  by  inferences  derived  from  appearances,  than  from  any  exact  information  we 
possess,  or  can  hope  to  possess.    It  is  from  the  study  of  the  distribution  of  the  start 
over  the  heavens  that  we  most  proceed  to  the  deduction  of  such  inferences.   Turning 
to  the  heavens,  then,  we  recognize  at  a  first  view  a  wonderful  irregularitv  of  stellar 
distribution.    Along  a  zone  of  the  heavens  we  see  a  region  of  diffused  fight  which 
has  been  found  to  consist  wholly  of  stars.     Elsewhere  this  diffused  light  is  for  the 
most  part  wanting,  but  it  is  seen  again  in  the  two  Magellanic  Clouds,  while,  in  cer- 
tain parts  of  the  heavens,  clustering  aggregations  of  greater  or  less  extent  attest 
the  existence  of  laws  of  association,  which  may  be  supposed  somewhat  to  resemble 
those  to  which  the  Milky  Way  owes  its  origin.    Towards  the  neighborhood  of  the 
Milky  Way  we  find  the  visible  stars  more  richly  aggregated,  while,  in  certain  of  the 
richer  parts  of  the  galaxy,  they  are  gathered  into  groups  and  clustering  aggrega- 
tions, whose  richness  is  significant  of  a  real  association  between  the  Milky  Way  and 
the  lucid  stars  seen  within  its  limits.    It  mar  be  remarked  in  passing,  that,  in  trea- 
tises on  popular  astronomy,  a  statement  made  by  Sir  John  Herschel  is  quoted  very 
frequently,  without  its  real  purport  being  adequately  recognized.     He  remarks  that, 
44  if  we  confine  ourselves  to  the  three  or  four  brightest  classes,  we  shall  find  them  dis- 
tributed with  a  considerable  approach  to  impartiality  over  the  sphere ;  a  marked 
preference  being  observable,  however,  especially  in  the  southern  hemisphere,  for  a 
zone  or  belt  following  the  direction  of  a  great  circle  passing  through  c  Ononis  and 
a  Crucis.     But  if  we  take  the  whole  amount  visible  to  the  naked  eye,  we  shaHper- 
ceive  a  great  increase  of  number  as  we  approach  the  borders  of  the  Milky  Way; 
and  when  wc  come  to  the  telescopic  magnitudes,  we  find  them  crowded  beyond  im- 
agination, along  the  extent  of  that  circle,  and  of  the  branches  which  it  sends  off 
from  it."     It  is  a  matter  of  so  much  importance  as  regards  the  views  we  are  to  form 
respecting  the  real  nature  of  the  stellar  system,  that  we  should  quite  clearly  ascer- 
tain whether  the  visible  stars  do  indeed  show  any  sign  of  affecting  the  neighborhood 
of  the  Milky  Way,  that  it  is  necessary  to  quote  another  passage  from  Sir  John  ITer- 
Bchel's  writings,  pointing  to  a  resultdirectly  opposed  to  that  stated  above.     In  his 
"  Observations  made  at  the  South  Cape,"  he  remarks,  as  the  direct  result  of  a  careful 
statistical  inquiry  into  the  laws  of  distribution  observable  among  the  fixed  stars, 
that  "  the  tendency  to  greater  frequency,  or.  the  increase  of  density  in  respect  of 
statistical  distribution  in  approaching  the  Milky  Way,  is  quite  imperceptible  among 
stars  of  a  higher  magnitude  than  the  eighth,  and  except,  on  the  very  verge  of  the 
Milky  Way  itself,  Btars  of  the  8th  magnitude  can  hardly  to  be  said  to  participate 
in  the  general  law  of  increase.     For  the  9th  and  10th,  the  increase,  though  unequi- 
vocally indicated  over  a  zone  extending  at  least  30°  on  either  side  of  the  Milky 
Way,  is  by  no  means  striking.     It  is  with  the  11th  magnitude  that  it  first  becomes 
conspicnous,  though  still  of  small  amount  when  compared  with  that  which  prevails 
among  the  mass  of  stars  of  magnitudes  inferior  to  the  11th,  which  constitute  |  $tba 
of  the  totality  of  stars  within  30°  on  either  side  of  the  galactic  circle."     The  real 
explanation  of  the  seemingly  contradictory  results  here  indicated,  lies  in  this,  that, 
taking  the  Milky  Way  in 'detail,  the  lucid  stars  exhibit  a  real  association  with  its 
configuration,  a  real  tendency  to  aggregage  over  its  extent,  and  near  its  borders ; 
but  taking  "  zones  of  galactic  polar  distance,"  as  Sir  John  Herschel  has  done  in  the 
inquiry  on  which  the  second  of  the  above  results  is  founded,  this  tendency  is  lost 
sight  of.     It  is  by  studying  details,  not  by  studying  averages,  that  the  true  relation 
is  made  to  appoar.     Of  the  necessity  of  carefully  attending  to  this  distinction,  the 
following  quotation  bears  evidence.    Immediately  after  exhibiting  the  results  above 
cited  Sir  John  Herschel  adds,  "  Two  conclusions  seem  to  follow  inevitably  from  this, 
viz.:  1st,  That  the  larger  stars  are  really  nearer  to  us  (taken  en  masse,  and  without 
deuying  individual  exceptions)  than  the  smaller  ones.     Were  this  not  the  case,  were 
there  really,  among  the  infinite  multitude  of  stars  constituting  the  remoter  portions 
of  the  galaxy,  numerous  individuals  of  extravagant  size  and  brightness,  as  com- 
pared with  the  generality  of  those  about  them,  so  as  to  overcome  the  effect  of  dis- 
tance, and  appear  as  large  stars,  the  probability  of  their  occurrence  in  any  given 


STAR.  607 

region  would  increase  with  the  total  apparent  density  of  stars  in  that  region,  and 
would  result  in  a  preponderance  of  considerable  stars  in  the  Milky  way,  beyond 
what  the  heavens  really  present  over  its  whole  circumference.  Secondly,  That  the 
depth  at  which  our  system  is  plunged  in  the  sidereal  stratum  constituting  the  galaxy, 
reckoning  from  the  southern  surface  or  limit  of  that  stratum*  is  about  equal  to  that 
distance  which,  on  a  general  average,  corresponds  to  the  light  of  a  star  of  the  9th 
or  10th  magnitude,  and  certainly  does  not  exceed  that  corresponding  to  the  11th." 
Both  these  important  conclusions  must  inevitably  be  dismissed,  and  the  converse  of 
the  first  must  inevitably  be  accepted,  if  it  appears  that  the  lucid  stars  exhibit  a  real 
increase  of  richness  in  the  neighborhood  or  the  galaxy,  and  over  its  branches  and 
convolutions.  As  very  little  doubt  can  exist  on  this  point  when  we  study  the  aspect 
of  the  heavens,  to  the  naked  eye,  or  the  relations  presented  in  well-constructed  star 
maps,  and  as,  in  fact,  Sir  John  Herschel  himself  recognizes  the  existence  of  such  a 
law  of  stellar  aggregation,  we  are  led  to  the  conclusion  that  the  bright  stars  seen  in 
the  galaxy  are  really  involved  amid  richly  aggregated  groups  of  relatively  minute 
stars. 

There  are  other  laws  of  stellar  distribution  which  require  to  be  considered,  in  en- 
deavoring to  form  a  just  opinion  of  the  real  distribution  of  stars  throughout  space. 
It  has  been  discovered  by  the  present  writer  that,  in  the  northern  heavens,  there  is 
a  marked  tendency  among  the  lucid  stars  to  aggregate  within  a  nearly  circular  region, 
covering  the  constellations  Cygnus,  Cepheus,  Cassiopeia,  Lacerta,  Ursa  Minor,  and 

£art  of  Draco.  Within  this  region,  which  covers  about  one-fourteenth  part  of  the 
eavens,  about  an  eighth  part  of  the  stars  visible  to  the  naked  eye  are  collected. 
In  the  southern  hemisphere  a  larger  region  of  similar  shape  exists.  It  has  the 
greater  Magellanic  Cloud  nearly  in  its  centre,  and  extends  about  45  degrees  in  every 
direction  from  that  centre.  It  covers  about  a  sixth  part  of  the  heavens,  and  con- 
tains nearly  a  third  part  of  all  the  stars  visible  to  the  naked  eye. 

Smaller  regions  rich  in  stars  exist,  and  there  is  a  sort  of  orderly  sequence  from 
regions  rich  in  stars  to.  closely  crowded  groups,  clusters  of  gradually  increasing 
density,  etc.,  down  to  the  irresolvable  nebulae.     (See  Clusters,  Nebulas,  etc.) 

Number  of  Stars.  According  to  Argelander  the  total  number  of  observed  stars 
visible  to  the  naked  eye  in  the  northern  hemisphere  is  2342.  The  southern  hemis- 
phere is  richer  by  upwards  of  1000  stars.  Perhaps  the  most  complete  list  of  visible 
stars  is  that  included  in  the  British  Association  Catalogue.  There  are  in  this  cata- 
logue 5932  stars  of  magnitudes  1-6  inclusive ;  and  of  these  about  2400  fall  within 
the  northern  hemisphere. 

When  we  pass  beyond  the  limits  of  visibility,  and  consider  the  numbers  of  the 
telescopic  stars,  we  find  ourselves  perplexed  by  the  contradictory  accounts  given  by 
different  astronomers.  Struve,  from  a  careful  study  of  Sir  William  Herschel's  star- 
gauges,  estimates  the  total  number  of  stars  within  the  range  of  Herschel's  twenty- 
feet  reflector  at  upwards  of  20,000,000.  But  Chacornac  estimates  the  stars  of  the 
first  13  magnitudes  at  77,000,000.  Of  stars  not  exceeding  the  9th  magnitude, 
upwards  of  300,000  have  already  been  catalogued. 

Distances  of  the  Stars.  Our  information  respecting  the  absolute  distances  of  the 
fixed  stars  is  very  meagre.  We  know  the  distance  of  one  star  pretty  certainly,  and 
we  have  formed  tolerably  clear  conceptions  of  the  distances  of  some  four  or  five 
others  (though  in  all  these  instances  the  relative  limits  of  error  are  very  great) ;  but, 
further  than  this,  we  have  no  trustworthy  information.  The  following  list  includes 
all  the  instances  in  which  stars  have  been  found  to  exhibit  an  annual  displacement 
due  to  the  earth's  annual  revolution  in  her  orbit,  as  also  the  amount  of  such  dis- 
placement, and  the  names  of  the  investigators : — 

a  Centauri       .        .        .    0.976"  (Henderson,  corrected  by  Maclear.) 
61  Cygni ....    0.348   (Bessel.) 


Lalande,  21258        .        .    0.260  (Krttger.) 

Oeltaen,  17415-6     .        .    0.247  (Krttger.) 

a  Lyras     .        .        .        .0.155  (W.  Struve,  corrected  by  O.  Strove.) 

Sirius      ....    0.150  (Henderson,  corrected  by  Peters.) 

7°Ophiuchi    .        .        .    0.160  (Krttger.) 

h  Ursae  Majoris       .        .    0.133  ( Peters.} 

A  returns  .        .        .0.127  (Peters.; 

Polaris    .  0.067  (Peters. 

Capella  ....    0.046  (Peters.] 
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With  the  exception  of  the  first  in  the  list,  all  these  determinations  remain  open  to 
grave  question ;  and  the  last  four  or  five  must  be  regarded  as  altogether  unreliable. 

Now,  in  considering  the  real  meaning  of  these  results,  it  is  to  be  remembered  that 
a  parallax  of  one  second  implies  a  distance  exceeding  the  radios  of  the  earth's 
orbit  no  less  than  206,265  times,  or  regarding  the  actual  distance  of  the  earth  from 
the  suu  as  in  all  probability  about  91,500,000,  we  obtain  as  corresponding  to  a  par- 
allax of  1",  a  distance  of  no  less  than  18,873,247,500,000  of  miles.  All  the  stars  of 
the  above  list,  therefore,  lie  at  distances  exceeding  this  enormous  range.  We  may 
take  the  distance  of  a  Centanri  as  about  20  billions  of  miles,  the  distance  of  the 
other  stars  greater  in  proportion  as  their  parallaxes  jare  less.  "  In  such  numbers," 
as  Sir  John  Berschel  justly  remarks,  "  the  imagination  is  lost.  The  only  mode  we 
have  of  conceiving  such  intervals  at  all,  is  by  the  time  it  would  require  tor  light  to 
traverse  them."  It  is  readily  calculable  that  light  would  occupy  about  3$  years  in 
travelling  to  us  from  a  Centanri,  and  about  9£  in  reaching  us  from  61  Cygni,  sup- 
posing the  distance  of  that  star  to  be  accurately  represented  by  the  estimate  which 
Besscl  has  formed. 

With  respect  to  the  distances  at  which  other  stars  lie  from  us,  the  present  writer 
finds  himself  'unable  to  accept  the  general  conclusions  which  have  nitherto  been 
adopted  by  astronomers.  The  smallnass  and  close  crowding  of  stars  within  the  Milky 
Way  does  not  appear  to  him  to  afford  satisfactory  evidence  of  the  relative  vastness 
of  their  distance.  On  the  other  hand,  he  recognizes  the  probability,  nay,  the  abso- 
lute certainty,  that  among  the  countless  millions  of  stars  revealed  by  the  telescope, 
a  considerable  proportion  must  be  as  large  as  Sirius,  Oanopus,  or  Arcturus,  while 
some  may  even  be  far  larger.  Hence  the  distances  of  many  stars  must  be  as  vast  as 
those  accorded  by  the  accepted  theories  to  the  faintest  galactic  stars,  if  not  in  several 
instances  far  vaster.  There  would  seem,  too,  to  be  no  limits  to  the  range  of  distance 
within  which  our  telescopes,  let  their  powers  be  increased  as  greatly  as  they  may,  will 
reveal  stars  to  us. 

Magnitude  of  the  Stars.  Owing  to  the  circumstance  that  the  most  powerful 
telescope  does  not  exhibit  the  real  disk  of  a  star,  it  is  impossible  to  form  any  esti- 
mate from  actual  measurement  of  the  dimensions  of  even  the  largest  star.  All, 
therefore,  that  can  be  done  towards  the  determination  of  this  element  is  to  compare 
the  amount  of  light  received  from  a  star  whose  distance  is  known,  with  that  given  by 
the  sun,  and  then,  on  the  assumption  that  the  intrinsic  brilliancy  of  the  star  is  not 
very  different  from  that  of  the  sun,  we  can  tell  what  the  sun's  light  would  be  if  he 
were  removed  to  the  star's  distance,  and  so  the  proportion  in  which  the  dimensions 
of  the  star  exceed  or  fall  short  of  those  of  the  sun.  To  apply  this  method,  for  instance, 
to  the  case  of  Alpha  Centauri,  the  star  whose  distance  has  been  most  satisfactorily 
determined,  we  proceed  as  follows.  The  distance  of  Alpha  Centauri  exceeds  about 
230,000  times  the  distance  of  the  sun.  So  that  if  the  sun  were  removed  to  the  star's 
distance  he  would  shine  with  only  one  52,900,000,000th  part  of  his  actual  lustre. 
Now,  by  considering  Sir  John  HerschePs  comparison  between  the  light  of  Alpha 
Centanri  and  that  of  the  full  moon,  aud  Zbllner's  comparison  between  the  light  of  the 
full  moon  and  that  of  the  sun,  it  can  readily  be  shown  that  the  light  we  receive  from 
the  star  is  about  one  16,950,000,000th  part  of  that  which  we  receive  from  the  sun. 
Thus  the  star  emits  about  three  times  as  much  light  as  the  sun,  and  the  disk  of  the 
star  being,  therefore,  assumed  to  be  about  three  times  as  great  as  that  of  the  sun 
would  be  if  removed  to  the  same  distance,  it  follows  that  the  diameter  of  the  star 
exceeds  that  of  the  sun  in  the  proportion  of  about  y/  3  to  1,  or  as  17  to  10.  If  we 
could  as  confidently  rely  on  the  estimates  of  the  distance  which  separates  ns  from 
Sirius  it  would  appear  that  the  amount  of  light  emitted  by  this  star  exceeds  that 
emitted  by  the  sun  about  192  times.  Thus  the  diameter  oi  Sirius  would  appear  to 
exceed  that  of  the  sun  in  the  proportion  of  about  14  to  1,  and  the  volume  of  Sirius 
would  appear  to  exceed  that  of  tne  sun  no  less  than  2688  times ! 

Proper  Motions  of  the  Stars.     See  Proper  Motions. 

For  accounts  of  double  stars,  variable  stars,  etc.,  Bee  under  these  respective  heads. 

Starch.  A  substance  of  constant  occurrence  in  the  vegetable  kingdom.  It  is 
chemically  one  of  the  carbo-hydrates,  or  bodies  containing  carbon,  and  oxygen  and 
hydrogen  in  the  proportion  to  form  water.  Composition,  C6II10O5.  It  is  a  white 
glistening  powder,  which  when  pressed  in  the  hand  has  a  peculiar  grating  feel.  Under 
the  microscope  it  is  seen  to  possess  organization,  consisting  of  a  nucleus  surrounded 
by  concentric  envelopes.    Examined  with  polarized  light  it  shows  a  black  cross.    It 
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is  insoluble  in  cold  water,  but  in  hot  water  it  disintegrates  and  forms  a  jelly.  Starch 
is  colored  blue  by  iodine  ;  under  the  influence  of  heat  or  dilute  acids  it  is  converted 
into  dextrine  and  sugar. 

Star-Ganging.  A  plan  by  which  Sir  William  Herschel  hoped  to  be  able  to  form 
an  estimate  of  the  figure  of  the  sidereal  system.  It  consisted  in  counting  the  num- 
ber of  stare  seen  in  the  field  of  view  of  one  of  his  20-feet  reflectors,  and  founding  on 
that  number  an  estimate  of  the  extension  of  the  system  in  the  direction  towards 
which  the  telescope  was  turned.  It  is  founded  on  three  assumptions.  First,  that 
light  suffers  no  appreciable  extinction  on  its  course  through  space ;  secondly,  that 
the  telescope  employed  could  render  visible  stars  at  the  outermost  limits  of  the 
galaxy ;  and,  thirdly,  that  the  stars  are  not  so  greatly  disproportioned  in  magnitude 
that  any  considerable  proportion  of  them  within  the  limits  of  the  sidereal  system 
would  be  invisible  in  the  20-feet  reflector  through  relative  minuteness.  All  three 
assumptions  may  very  fairly  be  questioned.     (See  Galaxy.) 

Stan,  Colored.  Among  the  stars  visible  to  the  naked  eye  there  are  many  which 
exhibit  well-marked  signs  of  color,  especially  of  color  belonging  to  the  red  end  of  the 
spectrum.  For  instance,  Antares,  Aldebaran,  and  Betelgeux  are  ruddy ;  Arcturus, 
Procyou,  and  Pollux,  yellow ;  while  Capella  and  Sirius  are  brilliantly  white ;  and  Vega 
and  Altair  are  of  a  bluish-white  tint.  It  is,  however,  among  the  telescopic  stars  that  the 
most  marked  instances  of  color  occur.  In  many  parts  of  the  heavens  stars  of  a  deep 
red  are  found,  some  even  approaching  to  blood  color.  Ruddy,  orange,  orange-yellow, 
and  yellow  stars  are  also  found,  their  hue  being  in  many  instances  far  more  pronounced 
than  in  the  case  of  any  of  the  lucid  orbs.  Strangely  enough,  among  the  single  orbs 
there  are  no  well-marked  instances  of  colors  belonging  to  the  blue  end  of  the  spectrum. 
When  we  consider  the  double  and  multiple  stars,  we  find  not  only  the  colors  already 
noticed  among  single  stars,  but  blue,  green,  indigo,  violet,  and  lilac  stars,  besides 
such  tints  as  gray,  fawn,  ash-color,  russet,  olive,  and  other  hues  which  one  would 
hardly  expect  to  find  among  celestial  orbs.  It  has  been  supposed  that  in  many  of 
these  instances  the  color  may  be  due  to  some  effect  of  contrast.  For  example,  where 
a  bright  red  star  has  a  small  green  companion,  or  where  a  bright  orange  star  has  a 
small  blue  companion  (and  many  such  instances  of  the  association  of  complementary 
colors  exist  among  the  double  stars)  it  may  be  conceived  that  the  color  of  the  smaller 
orb  is  merely  due  to  the  law  of  contrast  by  which  faint  lights  appear  to  be  tinged 
with  the  color  complementary  to  that  of  neighboring  bright  lights.  But  it  has  been 
experimentally  demonstrated  that  this  explanation  is  not.  at  least  in  the  great  ma- 
jority of  instances,  the  true  one.  For  it  has  been  found  that,  when  the  brighter  of 
two  such  associated  orbs  is  concealed  from  view,  the  fainter  retains  its  color  either 
altogether  unchanged  or  but  little  diminished. 

Many  interesting  considerations  are  suggested  by  the  contemplation  of  colored 
double  stare.  If  each  of  the  components  01  a  double  system  has  its  own  system  of 
dependent  worlds,  how  strange  must  be  the  relations  presented  to  beings  whose  own 
special  sun  is  green  or  blue,  for  example,  while  a  neighboring  sun,  large  enough  to 
produce  a  large  proportion  of  the  light  they  enjoy,  is  red  or  orange.  To  use  the 
words  of  Sir  John  Herschel,  "  It  may  be  more  easily  suggested  in  words  than  con- 
ceived in  imagination  what  variety  of  illumination  two  suns — a  red  and  a  green,  or 
a  yellow  and  a  blue  one — must  afford  a  planet  circulating  around  either ;  or  what 
charming  contrasts  and  '  grateful  vicissitudes' — a  red  and  a  green  day,  for  instance, 
alternating  with  a  white  one  and  with  darkness — might  arise  from  the  presence  or 
absence  of  one  or  other  or  both  above  the  horizon."  Nor  are  relations  of  less  interest 
suggested  when  we  consider  the  possibility  that  the  dependent  worlds  belonging  to 
such  a  system  may  be  far  removed  from  both  suns  and  circle  around  their  common 
centre  of  gravity. 

Stan,  Double  and  Multiple.  It  was  discovered,  soon  after  the  invention  of  the 
telescope,  that  many  stars  which  to  the  naked  eye  appear  single  are  in  reality  double. 
It  is  commonly  asserted  that  the  first  double  star  actually  noticed  was  the  star  Me- 
sartim  or  y  Arietis,  and  its  discoverer  Dr.  Hooke,  but  the  assertion  is  open  to  con- 
siderable doubt.  At  first  it  was  supposed  that  the  duplicity  of  such  stars  merely 
arises  from  the  accidental  appearance  of  two  stars  nearly  on  the  same  visual  line.  But 
an  inquiry  of  great  interest,  belonging  to  another  branch  of  astronomy,  led  to  the 
recognition  of  the  fact  that  most  of  the  double  stars  are  really  pairs  of  physically 
associated  bodies.  The  idea  occurred  to  Sir  William  Herschel  (not.  as  is  commonly 
asserted,  to  Galileo),  that,  by  observing  close  doable  stars,  means  might  be  found  of 
39 
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determining  with  great  accuracy  the  effects  of  the  earth's  Motion  in  causing  as  appa- 
rent change  in  a  star's  position,  and  that  thus  the  distance  of  the  star  might  be  deter- 
mined. For  where  two  stars,  very  close  together,  are  rerj  unequal,  it  might  be 
assumed,  he  thought,  that  the  smaller  lies  far  oat  in  space  beyond  the  larger.  Thus 
the  annual  parallax  of  the  smaller  would  be  Terr  much  leas  than  that  of  the  larger, 
and  might  in  many  cases  be  regarded  as  practically  insensible.  Hence  all  that  would 
be  necessary  to  determine  the  distance  of  the  larger  star  would  be  to  determine  accu- 
rately its  apparent  changes  of  position  with  respect  to  the  smaller.  This  would  obvi- 
ously  be  a  much  simpler  and  easier  task  than  the  detection  of  its  absolute  apparent 
changes  of  position.  But  while  engaged  in  attempting  to  apply  this  simple  method 
to  the  solution  of  a  very  difficult  problem.  Sir  William  Herschel  was  startled  by  a 
discovery  of  an  unexpected  character.  He  found  that  in  several  instances  the  smaller 
of  two  associated  stars  was  actually  revolving  around  the  larger :  in  other  words  that 
the  two  bodies  formed  a  pair  or  system.  It  was  not  till  1803  that  he  announced  this 
discovery  definitely  to  the  world.  It  was  received  with  considerable  doubt,  partly 
because  the  idea  itself  was  so  surprising,  partly  because  the  result  seemed  to  oppose 
the  cherished  doctrine  that  the  stars  are  distributed  uniformly  throughout  space. 
But  continued  observation  justified  fully  the  theory  put  forward  by  Sir  William  Her- 
schel. None  have  distinguished  themselves  more  in  researches  directed  to  the  vindi- 
cation of  Herschel's  views  than  his  son  Sir  John  Herschel.  Sir  James  South,  and 
William  Struve,  the  eminent  Prussian  astronomer.  The  last-named  astronomer  in 
particular  has  largely  extended  the  list  of  known  binaries.  (Herschel  and  South, 
Phil.  Trans.,  1626 ;  Herschel,  Memoirs  of  the  Royal  Astronomical  Society,  toL  iii. ; 
Strove,  Catalogus  Stellarum  Duplicium  et  Multiplicium,  1837.)  Among  the  most 
remarkable  binaries  may  be  mentioned  y  Virginia,  £  Ursa?  Majoris,  70  Ophinchi, 
Castor,  61  Cygni,  §  Hydrse,  and  f  Aquarii. 

But  besides  double  stars  the  heavens  present  to  our  contemplation  triple,  quadru- 
ple, quintuple,  and  multiple  systems,  exhibiting  every  variety  of  magnitude,  position, 
motion,  and  color.  Assured  by  the  proof  that  really  associated  pairs  of  stars  exist 
within  the  sidereal  system,  astronomers  have  found  themselves  able  to  accept  the 
view  that  these  higher  orders  of  association  are  in  many  cases  real  also. 

Among  double,  triple,  and  multiple  stars  are  seen  many  striking  instances  of  rich 
or  contrasted  colors.     (See  Stars,  Colored.) 

Stars,  Spectra  of.  As  a  general  rule  the  spectrum  of  the  fixed  stars  is  similar 
to  that  of  our  sun,  consisting  of  a  bright  spectrum  crossed  with  black  lines  of  ail 
degrees  of  intensity  and  thickness.  In  many  of  the  stars  lines  occur  in  the  same 
positions  as  some  of  those  in  the  solar  spectrum,  and  are  probably  due  to  the 
presence  of  the  same  element;  most  of  the  dark  lines,  however,  have  not  been  identi- 
fied. A  few  stars  give  bright  lines.  (See  Variable  Stars,  Spectra  of ;  Colortd 
Stars,  Spectra  of.) 

Stars,  Temporary.  Amongst  the  most  remarkable  phenomena  presented  by  the 
heavens  to  man's  contemplation  must  be  ranked  the  appearance  of  new  stars  and  the 
disappearance  of  those  which  have  found  a  place  in  our  charts  and  catalogues. 
About  the  year  125  B.  C,  a  new  star  appeared,  which  was  so  bright  as  to  have  been 
visible  in  the  daytime.  Hipparchus  was  induced,  it  is  said,  by  the  appearance  of 
this  object  to  draw  up  his  catalogue  of  stars.  Another  star  appeared  near  a  A  quite 
in  the  year  389  of  our  era,  •*  remaining,"  says  Sir  John  Herschel.  *•  for  three  weeks  as 
bright  as  Venus,  and  then  disappearing  entirely."  In  the  years  945, 1264,  and  1572, 
brilliant  stars  made  their  appearance  in  the  part  of  the  heavens  between  Cepheus  and 
Cassiopeia,  and  Goodricke  was  led  to  suspect  from  the  near  equality  of  the  intervals 
separating  the  apparitions,  that  they  were  in  reality  but  successive  appearances  of 
the  same  star.  If  so,  we  may  shortly  look  for  its  reappearance.  The  apparition  in 
1572  was  very  sndden.  Tycho  Brahe  asserts  his  conviction  that  half  an  nour  before 
the  time  when  his  attention  was  first  directed  to  the  new  star  it  had  not  been  visible. 
It  was  as  bright  when  first  seen  as  Siriua,  and  increased  in  lustre  until  it  surpassed 
Jupiter  when  he  is  in  opposition.  But  in  December  1572  it  began  to  diminish,  and 
by  March  1574  had  disappeared.  Another  new  star,  also  very  brilliant,  made  its 
appearance  in  the  constellation  Serpentarius,  on  October  10.  1604,  and  continued 
visible  until  October  1605.  In  1670  a  new  star  appeared  in  Cygnus,  and  on  April 
28,  1848,  Mr.  Hind  discovered  a  new  star  of  the  fifth  magnitude  in  the  constellation 
Ophiucns.     Both  these  orbs  eventually  vanished. 

It  is  doubtful  whether  we  should  associate  the  star  Eta  Argus  with  the  class  of 
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objects  now  tinder  consideration,  or  with  the  periodical  stars.  In  1677  it  was 
recorded  by  Halley  as  a  star  of  the  fourth  magnitude.  In  1751  Lacaille  observed 
it  to  be  of  the  second  magnitude.  Between  1811  and  1815  it  was  again  of  the 
fourth  magnitude ;  and  again  from  1822  to  1826,  of  the  second.  On  February  1, 
1827,  it  had  increased  to  the  first  magnitude,  and  was  as  bright  as  a  Crucis.  But 
it  presently  returned  to  the  second  magnitude,  and  so  remained  until  the  year  1837. 
In  the  beginning  of  1838  it  increased  in  brightness  until  it  was  nearly  equal  to 
a  Centauri  (the  third  star  in  the  heavens  for  brightness).  Then  it  diminished  but  not 
below  the  first  magnitude,  until  1843,  in  April  of  which  year  it  increased  again  until 
it  nearly  equalled  Sirius  itself  in  splendor.  In  May,  1803,  it  was  scarce  visible  to 
the  naked  eye,  and  now  in  the  year  1870,  though  it  seems  to  be  slowly  recovering 
its  lustre,  it  is  still  only  of  the  sixth  magnitude. 

On  May  12,  18G6,  a  new  star  of  the  second  magnitude  was  discovered  by  Mr. 
Birmingham,  of  Tuam,  and  somewhat  later,  but  independently,  by  Mr.  Baxendell, 
of  Manchester,  in  the  constellation  Corona  Boreal  is.  It  decreased  rapidly  in 
splendor,  insomuch  that  by  May  20  it  had  already  fallen  below  the  sixth  magnitude. 
It  sank  to  the  tenth  magnitude,  but  rose  again  to  the  seventh,  and  has  exhibited 
since  some  singular  fluctuations  as  a  telescopic  star. 

Stan,  Variable,  Or  Periodical.  There  are  many  stars  which  vary  periodically 
in  brightness.  Amongst  these  the  following  are  the  most  remarkable :  Algol,  in 
the  constellation  Perseus,  is  usually  seen  as  a  star  of  the  second  magnitude,  but  for 
about  7  hours  in  every  successive  interval  of  69  hours  it  exhibits  a  gradual  decrease 
to  the  fourth,  and  then  a  gradual  increase  to  its  original  magnitude,  the  decrease 
and  increase  occupying  about  the  same  time.  The  star  0  Lyrae  is  another  remarka- 
ble variable.  Its  period  is  about  12d.  22hM  in  which  time,  however,  it  goes  through 
a  double  change,  resulting  in  an  apparent  variation  within  6d.  llh.,  which  was  sup- 
posed by  the  earlier  observers  to  be  the  true  period  of  this  singular  variable.  The 
two  maxima  are  equal,  the  star  increasing  to  about  the  3.5  magnitude  during  both 
periods,  but  the  minima  are  appreciably  unequal,  the  magnitude  of  the  star  being 
4.3  during  one  and  4.5  during  the  other.  Besides  this  peculiarity  the  variation  of 
the  star  exhibits  a  strange  change  of  period.  The  period  continually  lengthened 
from  1784.  when  Goodricke  discovered  the  variability  of  the  star,  until  1840 ;  but 
since  the  latter  epoch  the  period  has  been  slowly  diminishing. 

The  star  $  Cephei  is  another  remarkable  variable.  It  was  first  recognized  as  a 
variable  by  Goodricke  in  1784.  Its  period  is  5d.  8h.  48m.,  during  which  time  it 
varies  from  the  fifth  to  between  the  third  and  fourth  magnitudes.  The  most  striking 
feature  of  its  variation  is  the  fact  that  while  it  occupies  only  Id.  14h.  in  increasing 
from  its  minimum  to  its  maximum  brightness,  the  interval  during  which  it  is  dimin- 
ishing is  no  less  than  3d.  19h.  But  perhaps  the  most  remarkable  of  all  the  systemati- 
cally variable  stars  is  the  Mira  Ceti  (o  Ceti)  first  recognized  as  a  variable  by 
Fabricius  in  1596.  Its  period  of  variation  is  about  331(1.  8h.  4m.  16s.  It  shines 
for  about  a  fortnight  as  a  star  of  the  second  magnitude ;  decreases  during  about 
three  months,  at  the  end  of  which  time  it  is  altogether  invisible ;  remains  invisible 
for  five  months  and  then  increases  during  the  remaining  2}  months  of  its  period. 
"  Such,"  says  Sir  John  Herschel,  "  is  the  general  course  of  its  phases.  It  does  not 
always,  however,  return  to  the  same  degree  of  brightness,  nor  increase  and  diminish 
by  the  same  gradations,  neither  are  the  successive  intervals  of  its  maxima  equal. 
1  rom  the  recent  observations  and  inquiries  into  its  history  by  M.  Argelander,  the 
mean  period  above  assigned  would  appear  to  be  subject  to  a  cyclical  fluctuation, 
embracing  88  such  periods,  and  having  the  effect  of  gradually  lengthening  and 
shortening  alternately  those  intervals  to  the  extent  of  25  days  one  way  and  the  other. 
The  irregularities  in  the  degree  of  brightness  attained  at  the  maximum  are  probably 
also  periodical."  It  is  remarkable  that  this  star  when  near  its  minimum  changes 
color  from  white  to  a  full  red,  and  a  peculiarity  which  promises  to  afford  a  means  of 
answering  some  of  the  perplexing  questions  suggested  by  the  periodical  variability 
of  the  stare.  It  is  noteworthy  of  Mira  Ceti,  that  it  does  not  at  every  return  to  its 
maximum  become  equally  bright.  For  example,  Hevelius  tells  us  that  during  the 
four  vears  between  October,  1672,  and  December,  1676,  Mira  did  not  appear  at  all. 
On  October  5,  1839,  on  the  other  hand,  it  outshone  a  Ceti  and  3  Aurig®,  both  of 
which  usually  surpass  Mira  even  when  at  its  maximum.  A  similar  peculiarity  is 
observed  in  the  case  of  the  star  %  Cygni  (Smyth  thus  names  a  star  which  is  not 
variable,  but  Baxendell  has  shown  that  the  variable  in  the  neck  of  Cygnus  is  the 
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star  which  should  be  called  *),  which  at  the  period  of  its  maximum  has  sometimes 
been  invisible,  as  in  1G99, 1700,  and  1701,  though  usually  of  the  fifth  magnitude  at 
such  times. 

The  principal  recent  observers  and  discoverers  of  variable  stars  have  been  Hind, 
Baxenaell,  Schmidt,  Sir  J.  Ilerschel,  Pogson,  and  Cbacornac. 

Statics.  That  branch  of  mechanics  which  considers  the  relation  of  forces  which 
act  on  bodies  at  rest. 

Steam.  The  elastic  fluid  into  which  water  is  converted  by  heat.  In  order  to 
explain  the  nature  of  the  force  arising  from  steam,  let  us  suppose  a  cylinder,  con- 
taining a  small  quantity  of  water,  to  be  placed  over  a  heating  apparatus ;  let  the 
cylinder  be  fitted  by  a  piston,  and  let  the  piston  be  balanced  by  a  weight  attached 
to  a  cord  which  passes  over  a  pulley ;  also  let  a  thermometer  be  inserted  in  the 
water  below  the  piston  to  measure  its  temperature.  Suppose  the  temperature  to  be 
at  first  0°  Centigrade,  or  32°  Fahrenheit,  and  no  air  to  be  between  the  piston  and  the 
water.  To  make  the  piston  rise,  it  will  be  necessary  to  overcome  the  pressure  of  the 
atmosphere,  which  will  be  about  15  lbs.  on  the  square  inch.  When  neat  is  applied 
at  the  bottom  of  the  piston,  the  water  in  the  cylinder  rises  in  temperature  until  the 
thermometer  reaches  100°  C.,  or  212°  F.  After  this  the  water  will  remain  at  the 
same  temperature,  but  its  volume  will  diminish,  and  at  the  same  time  the  piston  will 
be  gradually  lifted  away  from  the  water.  A  certain  quantity  of  water  will  have  become 
steam.  When  the  volume  of  water  has  been  diminished  by  1  cubic  inch,  1700  cubic 
inches  of  steam  will  have  been  produced.  If  heat  be  communicated  for  a  sufficiently 
long  time,  the  whole  of  the  water  will  become  steam ;  and  if  the  cylinder  be  large 
enough  to  contain  it,  will  occupy  1700  times  the  space  it  occupied  when  in  the  con- 
dition of  water.  If  the  lamp  or  source  of  heat  be  removed,  the  piston  will  begin 
immediately  to  descend,  drops  of  water  will  be  formed  on  the  sides  of  the  cylinder, 
and  will  run  to  the  bottom  until  all  the  steam  has  returned  to  the  form  of  water.  By 
comparing  the  time  taken  by  the  water  to  rise  from  0°  to  100°  O.  with  the  time 
which  elapses  from  the  commencement  of  the  formation  of  steam  to  the  instant  at 
which  the  whole  of  the  water  has  been  transformed,  it  is  found  that  5 J  times  as 
much  beat  was  required  to  evaporate  the  whole  as  was  used  in  raising  the  tempera- 
ture from  0°  C.  to  100°  C.  (See  Latent  Heat.)  If  the  area  of  the  cylinder  be  1 
square  inch,  and  a  cubic  inch  of  water  be  turned  into  steam,  the  piston  will  be  raised 
1700  inches.  The  pressure  of  the  air  on  the  piston  will  be  1 5  lbs.  Consequently, 
in  the  conversion  of  one  cubic  inch  of  water  into  steam,  work  will  be  done  equivalent 
to  the  raising  of  15  lbs.  through  a  height  of  1700  inches,  that  is,  to  2125  foot- 
pounds. 

Experiments  to  ascertain  the  relation  between  the  temperature  and  pressure  of 
steam  were  made  by  Watt,  and  afterwards  by  Southern  his  assistant,  and  an  elabo- 
rate empirical  formula  was  constructed  by  Southern  from  the  results  of  his  experi- 
ments to  determine  the  pressure  of  steam  at  any  given  temperature.  The  subject 
was  further  investigated  by  Arago  and  Dulong ;  but  the  latest  experiments  in  the 
matter  are  those  of  Regnault,  who  has  shown  that  the  total  amount  of  heat  in  a 
given  weight  of  steam  increases  with  the  pressure.  When  more  heat  is  applied  to 
steam  than  is  required  to  keep  it  in  the  form  of  vapor,  it  observes  the  same  laws  as 
other  gases.  Thus,  when  the  temperature  remains  the  same,  the  pressure  varies 
inversely  as  the  volume ;  and  when  the  pressure  remains  the  same,  the  volume  in- 
creases for  every  degree  of  temperature  by  Y*r?  of  the  volume  at  0°  C. 

Steam-Boiler.  The  apparatus  in  which  water  is  turned  into  steam  for  the  pur- 
pose of  supplying  steam-engines.  The  form  of  boiler  introduced  by  Watt  was 
termed  the  wagon,  from  the  fact  that  the  section  of  it  represented  in  figure  the 
section  of  a  wagon  covered  with  a  semicircular  awning.  The  wagon-boiler  is  now 
rarely  used,  as  others  are  constructed  having  a  higher  evaporating  power,  in  propor- 
tion to  the  amount  of  fuel  used,  and  because  the  best  authorities  condemn  it  as  un- 
safe, especially  for  steam  of  a  high  pressure.  The  boilers  best  suited  for  the  purpose 
are  cylindrical.  One  form  much  approved,  as  being  both  safe  and  economical,  is  the 
Cornish  boiler,  so  named  from  its  general  use  in  the  mines  of  Cornwall.  The  furnace 
is  not  below  the  boiler  as  in  the  wagon,  but  within  it,  the  flames  and  hot  air  passing 
along  a  flue  to  the  further  end,  then  back  along  the  sides  ;  next,  they  return  below, 
and  finally  escape  to  the  chimney.  The  Cornish  boiler  is  remarkable  for  the  small 
amount  of  fuel  burnt  in  a  given  time.  The  tubular  boiler  is  one  which  is  rapidly 
coming  into  extended  use,  and  is  always  employed  in  the  locomotive.    It  is  traversed 
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by  straight  horizontal  tabes,  connected  on  one  side  with  the  furnace  and  on  the 
other  with  the  chimney.    The  hot  air  passes  from  the  furnace  through  these  tubes, 
so  that  a  very  large  surface  is  heated  in  contact  with  the  water. 
The  following  is  a  comparison  of  the  three  kinds  of  boilers : — 

Wagon.  Cornish.  Locomotire. 

Fnel  burnt  per  hour  on  a  square  >  1075  ,b8  SL46  ltau  79.33  lbs. 


foot  of  grating 
Square  feet  of  surface  required 
to  evaporate  one  cubic  foot  of 
water  in  an  hour 


I 


9.96  69.58  6.06 


Boilers  are  supplied  with  water  on  two  plans :  the  first  consists  of  a  feed-pipe, 
with  a  cock  openea  and  closed  by  means  of  a  lever  to  which  a  float  is  attached ;  the 
second  consists  of  a  contrivance  for  forcing  the  water  directly  into  the  boiler  by 
means  of  a  force-pump,  together  with  a  means  of  regulating  the  supply  according  to 
the  requirements  of  the  boiler  by  a  float  and  lever,  formiug  what  is  termed  the,dif- 
ferential  feed. 

Marine  boilers  usually  consist  of  a  number  of  metallic  furnace-chambers,  with 
either  flues  or  tubes  traversing  the  boiler,  and  delivering  into  the  chimney.  As 
these  boilers  cannot  be  set  in  brickwork,  they  are  so  constructed  that  the  metallic 
surfaces  which  come  in  contact  with  the  fire  and  heated  air  are  everywhere  surrounded 
with  water.  The  consumption  of  fuel  in  marine  boilers,  as  at  present  constructed,  is 
very  great,  amounting  to  5  or  6  lbs.  per  horse-power.  These  boilers  are  fed  of  course 
with  salt  water;  and  in  order  to  prevent  the  salt  from  being  deposited  as  a  hard, 
stony  coating,  the  water  has  to  be  driven  out  before  it  reaches  the  density  at  which 
the  salt  is  deposited.  Hydrometers  are  now  used  by  the  engineers  to  test  the  density 
of  the  water ;  and  when  they  indicate  that  the  water  is  nearly  saturated  with  salt, 
it  is  blown  out  and  fresh  water  introduced  from  the  hot  well  or  the  sea. 

The  explosions  of  boilers  generally  arise  from  one  of  two  causes  :  either  the  boiler 
was  not  constructed  originally  of  sufficient  strength  to  bear  the  pressure  of  the  steam, 
or,  in  consequence  of  an  insufficient  water  supply,  the  flues  have  become  red-hot,  and 
unable,  therefore,  to  sustain  the  pressure.  To  prevent  the  steam  from  acquiring  a 
greater  pressure  than  the  boiler  safely  bears,  a  safety-valve  is  attached.  (See  Safety- 
Valve.)  Additional  information  will  be  found  in  Steam  Boilers,  by  R.  Armstrong, 
C  E.,  and  Bourne's  Catechism  of  the  Steam  Engine,  and  Hand-book  of  the  Steam 
Engine. 

Steam-Engine.  A  machine  for  converting  heat  into  work  by  means  of  the  elastic 
force  produced  when  water  is  changed  into  steam.  The  first  steam-engine  on  record 
is  the  Eolopyle  (JEolns,  the  God  of  the  Winds ;  and  pila,  a  ball)  of  Hero  of  Alex- 
andria, who  lived  about  120  B.  C.  This  machine  consisted  of  a  hollow  globe  con- 
taining water  capable  of  turning  about  a  horizontal  axis,  and  having-  two  bent  tubes 
with  small  apertures  inserted  in  a  plane  perpendicular  to  the  axis  at  its  centre. 
When  the  globe  was  heated  the  steam  escaped  from  the  tubes,  and  by  its  reaction 
caused  the  globe  to  revolve.  Porta  (1580),  De  Cans  (1615),  and  Worcester  (1663), 
conceived  independently  the  idea  of  employing  the  pressure  of  steam  to  raise  water. 
Subsequently  (1698)  Captain  Savery  took  out  a  patent  for  a  machine  on  the  same 
principle  for  raising  water  from  a  mine.  In  1690  Papin  thought  of  using  steam  to 
raise  a  piston,  and  in  1705  Newcomen  constructed  an  engine  worked  by  a  piston 
moving  in  a  cylinder.  The  steam  from  the  boiler  passed  to  the  lower  part  of  the 
cylinder  and  raised  the  piston.  The  steam  was  then  cut  off,  and  a  jet  of  cold  water 
sent  into  the  cylinder  so  as  to  condense  the  steam  contained  in  it.  The  upper  part 
of  the  cylinder  communicated  with  the  air ;  consequently,  after  the  condensation  of 
the  steam,  the  atmospheric  pressure  and  its  own  weight  brought  down  the  piston. 
The  communication  with  the  boiler  was  then  renewed,  and  the  whole  action  repeated. 
In  1763  James  Watt,  of  Glasgow,  while  repairing  a  Newcomen  engine,  conceived, 
and  by  laborious  study  realized  improvements  which  constitute  the  chief  features  of 
the  modern  steam-engine.  The  improvements  which  have  immortalized  the  name 
of  Watt  are  the  following  : — 

1.  In  order  to  avoid  the  waste  of  heat  consequent  on  the  alternate  heating  and 
cooling  of  the  cylinder,  Watt  introduced  a  condenser  apart  from  the  cylinder.  When 
the  piston  reached  its  highest  point,  therefore,  he  opened  a  communication  between 
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the  lower  part  of  the  cylinder  and  a  separate  chamber  into  which  a  jet  of  cold  n 
was  made  to  play. 


2.  Watt  also  introduced  an  air-pomp  into  the  condensing  chamber  to  remove  tat 
heated  water  and  e.U. 


STEAM-ENGINE. 


£15 


3.  Another  improvement  was  the  doable  action  on  the  piston.  The  steam  was 
introduced  above  and  cut  off  from  below  when  the  piston  was  required  to  descend, 
nod  the  communication  above  was  closed  and  that  below  opened  when  the  piston  had 
to  ascend. 

4.  Watt  also  introduced  the  plan  of  cutting  off  the  steam  before  the  piston  reached 
its  limiting  position,  so  that  its  momentum  should  be  destroyed  gradually,  and  not 
by  a  sudden  percussion  at  the  end  of  the  stroke. 

In  Watt's  engine,  therefore,  the  coarse  and  action  of  the  steam  will  be  as  follows : 
The  steam  from  the  boiler  passes  along  the  steam  pipe  to  the  valve  casing,  from 
whence  it  is  distributed,  as  it  is  termed,  to  the  upper  and  under  sides  of  the  piston, 
producing  its  alternate  up  and  down  motion  in  the  cylinder.  After  working  the 
piston,  the  steam  passes  by  a  pipe  to  the  condenser,  where  it  is  condensed  by  coming 
in  contact  with  a  jet  of  cold  water.  From  the  condenser  the  water  of  condensation, 
together  with  the  air  which  obtains  admission  through  the  steam,  and  which,  if 
allowed  to  accumulate,  would  ultimately  prevent  the  engine  working,  is  drawn  off 
by  an  air-pump,  and  delivered  to  a,  hot  well.  An  arrangement  of  valves  prevents 
the  water  from  returning  to  the  air-pump  from  the  cistern,  and  also  prevents  the 
water  which  may  remain  at  the  bottom  of  the  air-pump  from  being  again  forced  into 
the  condenser  on  the  down-stroke  of  the  air-pump  piston.  The  condenser  and  air- 
pump  are  placed  in  a  cistern  filled  with  cold  water  supplied  by  the  pomp.  The  jet 
of  cold  water  which  plays  over  the  condenser  is  supplied  from  the  cistern,  and  is 
regulated  by  a  stop-valve. 

Fig.  123. 


The  piston  rod  is  connected  with  the  end  of  the  working  beam,  and  is  kept  parallel 
by  a  beautiful  arrangement  of  levers,  termed  Watt's  parallel  motion.  The  other 
end  of  the  beam  is  joined  to  the  upper  end  of  the  connecting  rod,  which,  at  its  lower 
end,  is  attached  to  the  crank.    To  equalise  the  motion,  a  heavy  wheel,  the  fly-wheel, 
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is  keyed  on  to  the  crank  shaft  In  the  revolution  of  the  crank  there  are  two  posi- 
tions, called  the  dead-points,  at  both  of  which  the  power  of  the  engine  has  no  effect 
in  causing  revolution,  namely,  when  the  piston  is  at  the  terminations  of  the  up  and 
down  stroke.  By  the  momentum  acquired  by  the  fly-wheel,  while  receiving  the  tall 
power  or  the  engine,  the  crank  is  carried  past  its  dead-points. 

The  arrangement  by  which  the  steam  is  alternately  led  into  the  upper  and  loiter 
part  of  the  cylinder  is  termed  a  slide  valve.  The  engine  itself  regulates  the  motion 
of  the  slide  valve  by  means  of  an  eccentric  The  steam  is  admitted  a  little  before 
the  extreme  positions  of  the  piston  have  been  reached ;  also  when  the  piston  lias 
been  pushed  forward  a  certain  distance  by  the  fall  force  of  the  steam,  the  supply 
from  the  boiler  is  usually  stopped,  and  the  piston  is  impelled  by  the  elastic  force  of 
the  steam  already  in  the  cylinder.    The  engine  is  then  said  to  work  expansively.    In 


some  cases  the  steam  is  cnt  off  at  a  half-stroke,  in  some  at  one-third,  and  in  others  at 
a  smaller  proportion  of  the  entire  stroke.  This  is  effected  by  making  the  foot  of 
the  slide  valve  of  greater  length.  When  the  steam  is  cut  off  at  one-third  of  the 
stroke,  acting  txpantively  for  the  remaining  two-thirds,  the  machine  baa  only  half 
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the  power  it  would  hive  if  the  steam  hod  access  to  the  cylinder  daring  the  whole 
course ;  hence  half  the  maxima  m  force  is  obtained  at  the  expense  of  one-third  of  the 
steam. 


The  supply  of  steam  to  the  cylinder  is  regulated  by  the  throttle  valve,  a  circular 
1  plate  fitting  the  steam  pipe  and  moving  on  a  horizontal  axis.    The  edges  of 


The  supply  of  steam  to  the  cylinder  is  regnlated 
metal  plate  fitting  the  steam  pipe  and  moving  on  • 


620  STELLAR STORM. 

first  kind,  in  which  the  body  weighed  is  close  to  the  fulcrum.  In  all  cases  the  weight 
multiplied  by  its  arm  must  be  equal  to  the  product  of  the  power  by  its  arm,  the  lever 
being  purposely  so  constructed  as  to  have  its  own  centre  of  gravity  at  the  fulcrum, 
in  order  that  its  weight  may  have  no  influence  on  the  indications  of  the  instrument 
Hence  if  on  the  one  side  the  arm  of  the  weight  remains  the  same  while  the  weight 
varies,  and  on  the  other  the  power  remains  the  same  while  the  arm  varies,  it  follows 
that  the  variations  of  the  power  arm  will  be  proportional  to  the  variations  of  the 
weight.    The  principle  of  the  steelyard  was  applied  in  the  Roman  Statera. 

Stellar  Spectroscope.  As  the  image  of  a  star  at  the  focus  of  the  object-glass  of 
the  telescope  is  a  point,  some  modification  is  required  to  enable  the  spectroscope  to 
give  a  good  image  of  its  spectrum.  This  is  effected  by  placing  a  cylindrical  lens  of 
short  focus  just  within  the  focal  point  of  the  object  glass.  This  draws  the  point  of 
light  into  a  line,  and  this  line,  being  received  on  the  jaws  of  the  slit,  illuminates  it 
throughout  its  whole  length,  the  prisms  being  thus  enabled  to  give  a  spectrum  hav- 
ing appreciable  breadth.  Dark  or  luminous  lines  can  thus  be  detected.  (See 
Spectroscope.) 

8k  Elmo's  Fire.  A  luminous  phenomenon  frequently  observed  and  described 
both  by  ancients  and  moderns.  It  is  a  ball  of  fire  frequently  seen  in  stormy  weather 
on  the  rigging  of  ships,  on  the  points  of  weapons,  or  the  tops  of  the  helmets  of 
soldiers,  even  on  the  bare  head  or  the  tips  of  the  fingers.  It  is  generally  noiseless, 
but  sometimes  is  accompanied  by  a  roaring  or  hissing  noise.  It  is  simply  a  brush  or 
glow  discharge  of  electricity  on  a  large  scale.     (See  Discharge.) 

Stereoscope-  (<xt«pto$,  solid ;  and  oxortto,  to  view.)  An  optical  instrument  de- 
vised by  Sir  C.  Wheatstone  for  illustrating  the  phenomena  of  Binocular  vision. 
Two  pictures  are  taken  (at  the  present  day  photography  is  the  sole  agent  employed) 
from  slightly  different  points  of  view,  so  that  one  may  represent  the  view  as  seen  by 
the  right  eye,  and  the  other  the  view  seen  by  the  left.  The  stereoscope  is  an  instru- 
ment for  presenting  these  views,  one  to  eacn  eye,  so  as  to  produce  the  same  optical 
effect  as  if  the  real  scene  were  beiug  viewed.  In  the  reflecting  stereoscope  a  mirror 
is  placed  opposite  each  eye,  and  the  pictures  are  so  arranged  that  each  is  reflected 
by  its  own  mirror  into  the  eye  for  which  it  was  taken.  In  the  refracting  stereoscope 
the  two  pictures  are  mounted  on  a  card,  side  by  side,  and  are  looked  at  through 
prismatic  lenses  which  refract  each  picture  apparently  to  the  same  place  where  they 
coalesce.  The  reflecting  stereoscope  is  the  most  perfect  instrument,  and  is  adapted 
for  any  sized  picture,  but  the  refracting  instrument  is  the  most  popular.  (See 
Binocular  Vision.) 

Storm.    See  Winds. 

Storm  Glass.  Some  amateur  observers  have  great  faith  in  the  "chemical 
weather  glass,"  as  some  instrument-makers  term  it,  as  a  correct  indicator  of  meteor- 
ological changes,  aud  they  are  likely  to  be  confirmed  in  this  view  by  the  authority 
of  the  late  Admiral  Fitz  Roy,  who  found  it  "  useful  for  aiding,  with  the  barometer 
and  thermometer,  in  forecasting  weather."  "  Again,"  he  says,  in  his  "  Weather 
Book,"  "  camphor  glasses  in  proper  positions  and  duly  attended  are  most  useful  to  a 
quick  eye  and  skilled  perception,"  page  232.  There  are  many  other  passages  in  the 
same  work  descriptive  of  its  indications. 

The  following  is  a  common  recipe  for  making  a  storm  glass :  Take  2  J  drachms  of 
camphor,  38  grains  of  nitre,  and  38  grains  of  sal-ammoniac ;  dissolve  in  9  drachms 
of  water  and  11  drachms  of  rectified  spirit  with  a  gentle  heat.  Put  the  mixture  into 
a  long  glass  tube  and  close  it  with  a  brass  cap  with  a  small  hole  in  it  to  admit  air. 
Other  accounts  say  the  tube  is  to  be  hermetically  sealed. 

The  instrument-maker  generally  gives  a  paper  containing  the  supposed  weather 
indications  of  this  scientific  toy.  It  is  not  necessary  to  repeat  them  nere,  since  Mr. 
Tomlinson  has  shown  conclusively  (Phil.  Mag.,  August,  1863)  that  neither  electri- 
city nor  light,  neither  wind  nor  cloud,  have  any  action  on  the  mixture,  but  that 
changes  in  temperature  are  alone  concerned  in  bringing  about  its  varied  effects. 
44  The  storm  glass  acts  as  a  rude  kind  of  thermoscope,  inferior,  for  most  purposes  of 
observation,  to  the  thermometer.  It  does  not  seem  to  be  capable  of  reference  to  a 
standard,  and  hence  observations  made  with  it  scarcely  admit  of  being  registered, 
although  attempts  at  a  scale  are  made  by  some  instrument-makers.  If,  however, 
two  or  more  of  such  graduated  instruments  be  placed  in  and  about  a  house,  their 
indications  will  vary  considerably,  according  as  tney  are  more  or  less  exposed  to  the 
action  of  radiation ;  and  it  is  difficult  to  see  how  tne  glass  can  be  protected  from 
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radiation  except  by  inclosing  it  in  another  glass,  and  under  such  circumstances  its 
action  will  be  very  feeble."  "  Two  tubes  containing  the  same  mixture  were  placed, 
one  in  the  window,  and  the  other  in  a  test-glass  within  a  foot  of  the  wiudow ;  the 
first  acted  well,  the  second  did  not  act  at  all,  on  account  of  its  cooling  being  inter- 
fered with  by  the  shelter  of  the  test-glass ;  but  on  taking  it  out  of  the  glass  and 
placing  it  on  the  window-pane,  it  began  to  act  in  a  few  hours,  and  has  behaved  well 
for  many  weeks." 

Storms,  Law  ol    See  Winds. 

Storm  Warning.  A  signal  indicating  the  anticipated  approach  of  stormy 
weather.  Although  in  extra-tropical  latitudes  it  is  difficult  to  form  certain  deduc- 
tions as  to  approaching  storms,  yet  certain  general  laws  have  been  detected  which 
enable  meteorologists  to  predict  the  course  of  storms  actually  in  progress,  and.  in 
some  instances,  to  announce  the  approach  of  a  storm.  A  large  proportion  of  the 
storms  which  visit  Europe  come  from  the  west  and  southwest,  and  therefore  tele- 
graphic communications  from  suitable  westerly  stations  may  serve  to  prepare  more 
easterly  stations  for  the  approach  of  a  storm  which  is  actually  in  progress  at  the 
former.  In  like  manner,  the  interchange  of  telegraphic  communications  respecting 
the  barometric  pressure  at  different  stations  may  serve  to  indicate  such  disturbances 
of  atmospheric  equilibrium  as  are  not  likely  to  pass  away  without  stormy  weather. 

The  list  of  storm  warnings  issued  under  the  direction  of  the  Meteorological  Depart- 
ment of  the  Board  of  Trade,  not  only  to  English  ports  but  to  the  continent,  exhibits 
so  small  a  proportion  of  failures  (considering  all  the  circumstances  of  the  case)  as  to 
encourage  a  belief  that  time  and  experience  only  are  wanting  to  render  complete 
the  system  on  which  predictions  are  founded. 

Stream  Tin.    See  Tin. 

Strength  of  Materials.  The  power  of  the  solid  materials  of  which  structures 
are  composed  to  resist  forces  tending  to  bend  or  break  them.  The  conditions  which 
determine  the  strength  of  solid  bodies,  and  their  power  to  resist  forces  tending  to 
produce  fracture,  are  found  by  experiment.  A  force  acting  on  a  solid  body  may 
tend  to  separate  its  parts  in  different  ways.    The  force  may  be — 

1.  A  direct  pull,  tending  to  produce  extension;  or  (when  rupture  results)  to 
produce  a  tearing  fracture. 

2.  A  direct  pressure,  tending  to  produce  compression,  or  a  crushing  fracture. 

3.  A  force  tending  to  produce  distortion,  or  a  shearing  fracture. 

4.  A  twisting  or  wrenching  force. 

5.  A  bending  force,  which  tends  to  break  the  body  across. 

To  determine  fully  the  strength  of  a  solid,  it  will  be  necessary  to  find,  in  connec- 
tion with  each  kind  of  strain,  the  ultimate  or  breaking  load,  the  proof  load,  or  that 
which  will  just  be  borne  without  impairing  the  strength  of  the  material,  and  the 
safe  or  working  load.  Most  structures  would  be  broken  in  time  by  a  load  which 
would  not  produce  fracture  at  once ;  on  this  account,  and  to  provide  for  unforeseen 
contingencies,  the  working  load  on  each  piece  of  structure  is  made  less  than  tho 
proof  load,  in  a  certain  ratio  determined  by  practical  experience.  The  practice  of 
engineers  is  by  no  means  uniform. 

Experiments  to  test  a  piece  of  material  are  conducted  in  two  ways.  If  the  solid 
body  is  to  be  afterwards  used,  the  experiments  must  be  so  made  as  to  avoid  impair- 
ing the  strength  ^  if  the  body  is  to  be  sacrificed  for  tho  sake  of  ascertaining  the 
strength  of  the  material,  tho  load  is  to  be  increased  by  degrees  until  fracture  is  pro- 
duced. To  determine  the  proof  strength  much  time  and  care  are  required.  The  load 
must  be  repeatedly  applied  and  removed,  and  its  effect  in  altering  the  figure  of  the 
material  observed  after  removal.  If  the  alteration  does  not  sensibly  increase  by  re- 
peated applications,  the  load  is  within  the  limit  of  proof  strength.  By  gradually 
increasing  the  forces  applied,  two  loads  will  at  last  be  found,  one  of  which  is  under, 
and  the  other  beyond,  the  proof  strength.  Mr.  Fairbairn  has  made  a  scries  of  ex- 
periments on  the  proof  strength  of  wrought  iron  girders,  and  has  found  that,  when 
the  load  applied  was  one-fourth  of  the  breaking  weight,  the  beam  withstood  596,790 
successive  applications  of  it  without  perceptible  alteration ;  when  the  load  was  two- 
sevenths  of  the  breaking  load,  and  applied  403,210  times,  the  beam  showed  a  slight 
increase  of  permanent  set ;  when  two-fifths  of  the  breaking  load  was  applied,  the 
girder  broke  after  tho  51 75th  trial. 

It  was  formerly  supposed  that  the  production  of  a  set  or  change  of  fignre,  which 
continues  after  the  removal  of  the  load,  was  a  sign  that  the  proof  strength  had  been 
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exceeded ;  but  Mr.  Hodgkinson  showed  that  this  was  not  the  case,  inasmuch  as  any 
load,  however  small,  produces  a  set  in  almost  all  materials.  The  strength  of  wrought 
iron,  to  resist  stretching  and  tearing,  is  greater  than  the  power  to  resist  crushing. 
The  strength  is  measured  by  the  area  of  a  cross  section  multiplied  by  the  factor  of 
strength,  determined  by  experiment.  Good  wrought  iron  will  resist  a  tension  of 
22  tons  per  square  inch,  ana  a  crushing  force  of  16  tons,  but  cast  iron  will  not  resist 
a  tension  of  more  than  7£  tons,  while  the  crushing  strength  exceeds  40  tons  per 
square  inch  of  section.  According  to  Mr.  Hodgkinsou's  experiments  the  resistance 
of  cast  iron  to  crushing  is  more  than  six  times  its  tenacity.  Homogeneous  iron  and 
steel  are  twice  as  strong  as  common  wrought  iron.  Experiments  made  at  Mr.  Kirk- 
caldy's testing  works  in  1866,  showed  that  a  bar  of  Howell's  homogeneous  iron  re- 
quired 44.6  tons  to  tear  it,  but  the  power  to  resist  compression  was  not  proportional 
to  the  tenacity. 

Among  different  specimens  of  dry  wood  of  the  same  kind,  the  densest  are  the 
strongest.  The  stretching  strength  in  the  direction  of  the  grain  is  greater  in  those 
kinds  of  wood  which  have  the  fibres  longest,  and  most  distinctly  marked.  The  tena- 
city across  the  grain  is  always  much  less  than  that  along  the  grain.  The  resistance 
to  crushing  in  dry  timber  ranges  from  one-half  to  two-thirds  of  the  tenacity,  and  is 
twice  as  great  for  dry  timber  as  for  green  timber.  The  tendency  to  cross-breaking 
is  somewhat  more  than  the  tendency  to  tearing. 

Strontium.  The  metallic  basis  of  strontia,  one  of  the  alkaline  earths ;  it  was 
separated  in  the  metallic  state  by  Sir  H.  Davy  in  1808 ;  it  possesses  a  yellow  color, 
but  is  not  so  dark  as  gold.  Specific  gravity,  2.54.  Atomic  weight,  87.5.  Symbol, 
Sr.  The  most  important  compound  of  strontium  is  the  oxide— Strontia  (SrO). 
This  is  a  grayish-white  porous  mass.  Specific  gravity,  3.9.  When  water  is  poured 
upon  it,  combination  takes  place,  and  it  becomes  very  hot  and  crumbles  to  a  white 
powder  of  the  hydrate  of  strontium  (SrO.H20).  This  hydrate  is  similar  in  its 
properties  to  the  corresponding  barium  and  calcium  hydrates.  It  dissolves  in 
water,  forming  a  strongly  alkaline  solution,  which  absorbs  carbonic  acid  readily, 
becoming  coated  with  a  crust  of  insoluble  carbonate.  When  a  hot,  saturated  solu- 
tion of  strontia  is  allowed  to  cool,  it  deposits  the  hydrate  in  needle-shaped  crystals. 
Compounds  of  strontium  communicate  a  red  color  to  flame,  and  when  examined  in 
the  spectroscope  give  a  spectrum  containing  characteristic  red  and  blue  lines. 

Strychnine.  A  vegetable  alkaloid  extracted  from  Nux  Vomica,  and  St.  Igna- 
tius's  beans,  etc.  It  crystallizes  in  white  prisms  which  are  permanent  in  the  air.  Its 
composition  is  0,,H„N20-.  It  has  an  intensely  bitter  taste,  and  is  extremely  poison- 
ous. It  is  very  siighly  soluble  in  water.  Strychuiue  is  a  powerful  base,  and  unites 
with  acids,  forming  well  crystallized  salts. 

Sublimation.  A  kind  of  distillation  when  the  substance  submitted  to  heat  rises 
in  vapor,  and  condenses,  not  as  a  liquid,  but  as  a  solid,  either  crystalline  or  pulveru- 
lent. The  product  is  called  a  sublimate  ;  thus  sulphur  forms  a  sublimate  known  as 
flowers  of  sulphur.  Perchloride  of  mercury,  iodine,  etc.,  forms  crystalline  sublimates. 
The  former  of  these  is  called  corrosive  sublimate. 

Submagnet.    An  unusual  name  for  the  keeper  of  a  magnet.     (See  Keeper.) 

Submarine  Telegraphy.    See  Cable,  Submarine ;  and  Telegraph. 

Submersion  Figures  of  Liquids.  Under  Cohesion  Figures  of  Liquids  will  be 
found  a  notice  of  the  figures  produced,  when  a  drop  of  a  liquid,  such  as  oil  of  laven- 
der, is  gently  deposited  on  the  surface  of  a  liquid  such  as  water.  In  such  cases  the 
drop  so  deposited  must  either  be  less,  or  must  not  greatly  exceed  in  specific  gravity, 
the  surface  on  which  it  is  deposited.  When  the  drops  are  much  heavier  than  the 
liquid  on  which  they  are  deposited,  and  this  liquid  has  considerable  depth,  as  when 
contained  in  a  cylindrical  glass,  the  drop  sinks  below  the  surface  and  forms  beauti- 
ful, striking,  and  complicated  figures  ;  as  when  a  drop  of  fousil  oil  diffuses  in  a  col- 
umn of  paraffin,  oil  of  lavender  in  spirit  of  wine,  croton  oil  in  benzol  or  in  paraffin, 
cochineal  in  aluran-water,  benzol  in  ether,  bitter  almonds  in  benzol.  Descriptions 
and  drawings  of  these  and  other  figures  are  given  by  Mr.  Tomlinson  in  the  Phil. 
Macr.  for  June  and  November,  1864. 

Succinic  Acid.  (Succinum,  amber.)  A  volatile  acid  first  obtained  from  amber, 
but  generally  prepared  by  the  fermentation  of  malic  acid.  It  crystallizes  in  prisms 
which  are  permanent  in  the  air,  tolerably  soluble  in  water,  less  so  in  alcohol,  and 
almost  insoluble  in  ether.  Formula,  C4H604.  Melting  point,  180°  C.  Boiling  point, 
235°  C.    It  unites  with  bases,  forming  a  well  defined  series  of  salts. 
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Suction  Pomp.  Tor; 


from  a  depth,  if  not  exceeding  about  twenty-five  feet, 
often  employed.     Its  action  depends  upon  the  ntmo- 


Fig.  127. 
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spheric  pressure,  ami  is  nused  upon  tbe  fact  (Bee  Barometer) 
that  tbe  pressure  of  tbe  air  will  support  a  column  of  water 
about  33  feet  in  height.  (Pig.  127.)  The  suction  pump  consists 
of  a  cylinder  opeu  at  tbe  top  into  which  a  piston  fits,  pro- 
vided with  a  valve  opening  upwards.  The  bottom  of  the 
cylinder  is  pierced  by  a  tube  which  reaches  down  to  the 
water  which  has  to  be  raised.  Where  this  tube  enters  the 
cylinder,  there  is  a  valve  opening  upwards.  The  piston  is 
worked  up  and  down  by  any  convenient  lever  handle.  To 
start  the  pump  it  is  necessary  that  the  valves  should  be 
nearly  perfectly  air-tight,  so  that,  after  a  pomp  has  been  out 
of  use  for  some  time,  it  is  necessary  that  the  valves,  whicb 
are  usually  made  of  leather,  should  be  wetted.  When  now 
the  piston  is  raised,  the  elasticity  of  the  air  in  the  cylinder 
and  tube  beneath  is  diminished ;  consequently  the  air,  press- 
ing upon  the  water  in  the  well,  will  force  the  latter  up  the 
tube.  When  the  piston  descends,  the  lower  valve  closes  by 
its  weight,  and  the  air  between  it  and  the  piston  is  forced 
through  the  valve  of  the  latter.  This  goes  on  until,  by  suc- 
cessive strokes,  the  water  is  brought  into  the  cylinder.  Then, 
when  the  piston  descends,  the  water  in  the  cylinder  closes 
the  lower  valve,  and  is  forced  through  the  piston's  valve, 
and  consequently  lifted  when  the  piston  is  lifted.  It  escapes 
through  an  opening  in  the  top  of  the  cylinder,  or  of  a  pipe 
in  continuation  thereof.  If  the  same  valves,  etc.,  were  per- 
fect, it  would  be  possible  to  raise   water  by  means  of  the 

suction  pomp  to  the  height  of  the  water  barometrical  column  (say  33  feet),  at  which 
height  the  weight  of  the  water  would  keep  the  atmospheric  pressure  in  equilibrium. 
Practically  such  pumps  are  useless  for  depths  exceeding  20  to  25  feet. 
'  Sugar.  This  term  is  applied  to  several  carbohydrates  of  vegetable  origin  which 
have  many  properties  in  common.  They  are  soluble  in  water,  in  general  crystulliza- 
ble,  have  a  sweet  taste,  are  neutral  to  test-paper,  and  their  solutions  rotate  tbe  plane 
of  polarization  of  a  ray  of  light.  (See  Saccharometer.)  The  substance  to  which  this 
Dame  is  generally  applied  is  cane-sugar  or  sucrose  (U, ,IInO, ,),  extracted  from  cane- 
juice,  beet-juice,  etc.  It  rotates  the  plane  of  polarization  to  tho  right.  Amongst 
other  sugars  are  dextrose  or  grape-sugar  (O^IIjjO,)  ;  latvulose,  which  is  one  of  the 
constituents  of  fruit-sugar  or  inverted  sugar.  Under  the  iuflueuce  of  dilute  acids,  or 
long  boiling  with  water,  tane-sugor  is  converted  into  what  is  called  ioverted  sugar, 
a  mixture  of  dextrose  and  lievulosc.  It  is  called  inverted,  because  the  left-handed 
rotation  of  the  bevulase  is  greater  than  the  right-handed  rotation  of  the  dextrose. 
Under  the  influence  of  ferments  sugar  is  converted  into  alcohol  and  carbonic  acid. 
Sugar  forms  several  crystalline  compounds  with  lime. 

Sugar  of  Lead.     See  Acetates,  Acetate  of  Lead. 

Salaph&t.     (Arabic.)     The  stary  of  the  constellation  Lyra, 

Sulphates.  Combinations  or  sulphuric  acid  and  bases  are  called  sulphates.  Tbe 
most  important  are  the  following : — 

Sulphate  of  Aluminium  (A1V0,.3SO,1.  This  is  prepared  in  an  impure  state  on 
tbe  large  scale,  and  sold  as  concentrated  alum.  It  forms  a  crystalline  solid  moss, 
which  has  a  taste  somewhat  resembling  alum,  and  is  readily  soluble  in  water.  It 
forms  double  salts  with  other  sulphates,  which  are  known  under  the  general  name  of 
alums.  Of  these  the  potass io-alnminic  sulphate,  or  potash  alum,  and  the  amnionic- 
aluminic  sulphate,  or  ammonia  alum,  are  of  importance.     (See  Alum.) 

Sulphate  of  Barium  (BaSOJ  occurs  native  as  the  mineral  heavy  spar,  sometimes 
crystalline,  sometimes  massive.  It  is  prepared  artificially  by  adding  a  soluble  sul- 
phate to  a  soluble  barium  salt.  It  is  a  heavy,  white,  amorphous  powder,  insoluble 
in  water  and  acids.    Specific  gravity,  4.5.    It  is  used  as  a  pigment. 

Sulphate  of  Calcium  (CaSO(  anhydrous,  and  CaSO,.2H,0  hydrated).  The  anhy- 
drous salt  occurs  native  as  anhydrite,  and  is  largely  used  in  commerce  under  the  name 
of  gypsum,  or  Plaster  of  Paris.    It  is  a  white  powder  almost  insoluble  in  water. 
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When  mixed  with  a  small  quantity  of  water,  so  as  to  form  a  thin  paste,  it  gradually 
thickens,  and,  in  the  course  of  a  few  minutes,  solidifies  to  a  hard  mass  of  hydrated 
sulphate  by  absorption  of  water.  Owing  to  this  property  it  is  of  great  use  in 
taking  casts  and  moulds  of  objects.  The  hydrated  sulphate  of  calcium  is  met  with  in 
nature  under  the  name  of  sdenite  and  alabaster. 

Sulphates  of  Chromium.  These  are  unimportant  by  themselves,  but  they  form 
double  salts  with  other  sulphates,  which  are  known  under  the  name  of  chrome  alum. 
(See  Alum.) 

Sulphate  of  Copper  (CuS04.5H20),  called  also  blue  vitriol  and  copper  vitriol. 
This  is  of  a  beautiful  nine  color.  It  crystallizes  in  large  oblique  prisms,  which 
effloresce  slightly  in  the  air.  When  heated  to  200°  C.  (392°  FA  the  water  of  crys- 
tallization is  driven  off,  and  the  white  anhydrous  sulphate  is  left  This  has  a  very 
powerful  affinity  for  water,  a  trace  of  moisture  restoring  the  blue  color.  On  this 
account  it  is  sometimes  used  for  detecting  the  presence  of  water  in  alcohol  and  other 
liquids,  or  for  dehydrating  them.  Sulphate  oi  copper  dissolves  readily  in  water,  but 
is  insoluble  in  alcohol  and  ether.  It  is  largely  used  in  commerce.  It  unites  with 
ammonia,  forming  a  compound  CuS04.4NH8.HaO,  which  is  precipitated  in  crystals, 
when  alcohol  is  added  to  the  rich  blue  solution  formed  when  ammonia  in  excess  is 
added  to  sulphate  of  copper. 

Sulphate  of  Iron,  known  also  as  green  vitriol  or  copperas  (FeS0..7HtO),  occurs 
in  well-defined  prismatic  crystals,  of  a  pale-green  color,  readily  soluble  in  water. 
Both  the  crystals  and  solution  gradually  absorb  oxygen  from  the  air,  with  formation 
of  a  reddish-yellow  basic  sulphate.  It  is  largely  used  in  dyeing,  in  the  manufacture 
of  ink,  Prussian  blue,  etc.,  and,  owing  to  its  ready  absorption  of  oxygen,  it  is  employed 
in  the  laboratory  as  a  reducing  agent. 

Sulphate  of  Lead  (PbS04).  This  is  met  with  in  nature  as  the  mineral  Anglesile. 
It  is  prepared  artificially  by  adding  a  soluble  sulphate  to  a  soluble  lead  salt.  It  is 
a  heavy  white  powder,  insoluble  in  water,  but  slightly  so  in  dilute  acids. 

Sulphate  of  magnesium,  or  Epsom  Salts  (MgS04.7H..O),  occurs  native  as  the 
mineral  Epsomite.  It  crystallizes  in  fonr-sided  needle-shaped  prisms,  which  areper- 
manent  in  the  air,  and  are  very  soluble  in  water,  but  difficultly  so  in  alcohol.  Tneir 
taste  is  bitter  and  nauseous. 

Sulphate  of  Manganese  (MnSOJ  forms  very  small  crystals,  of  a  faint  red  tinge, 
very  soluble  in  water. 

Sulphates  of  Mercury,  Mercuric  Sulphate  (HgS04)  forms  colorless  prismatic 
crystals,  which  are  decomposed  by  water  into  an  acid  and  a  basic  salt  The  basic 
salt  is  a  lemon-yellow  powaer  slightly  soluble  in  water.  It  was  formerly  called  turbith 
mineral.  Its  formula  is  3HgO.SO,.  The  mercurous  sulphate  (Hg^SOJ  is  a  white 
crystalline  powder,  very  slightly  soluble  in  water. 

Sulphate  of  Nickel  (NiS04.CII20)  crystallizes  in  emerald-green  octahedra,  which 
dissolve  readily  in  water,  and  effloresce  to  a  white  powder  in  the  air. 

Sulphate  of  Cobalt  (CoS04.7H20)  forms  red  prismatic  crvstals,  which  are  tolerably 
soluble  in  water,  and  effloresce  in  the  air,  forming  a  rose-colored  powder. 

Sulphates  of  Potassium.  The  neutral  sulphate  (K2S04)  crystallizes  in  four-sided, 
colorless  hard  prisms,  slightly  soluble  in  water.  When  heated,  they  decrepitate  vio- 
lently, and,  at  a  full  red  heat,  melt. 

Bisulphate  of  Potassium  (KHS04)  crystallizes  from  its  solution  in  octahedra. 
which  melt  at  197°  C.  (387°  R),  solidifying  to  a  white  crystalline  mass.  It  is  very 
soluble  in  water,  but  is  decomposed  by  a  large  quantity. 

Sulphate  of  Sodium  (Na2S04),  or  Glauber's  salt,  is  prepared  in  enormous  quanti- 
ties in  the  manufacture  of  carbonate  of  soda,  and  in  other  chemical  manufactures.  In 
the  crystalline  state  it  forms  large  colorless  prisms,  which  contain  ten  atoms  of  water. 
It  has  a  bitter  cooling  taste,  and  dissolves  readily  in  water.  Its  solutions  exhibit  in 
a  high  degree  the  phenomena  of  supcrsaturation.  The  crystals  effloresce  in  the  air, 
and  below  the  boiling  point  of  water  become  anhydrous. 

Sulphate  of  Strontium  (SrS04).  This  is  met  with  native  as  the  mineral  cadestin. 
It  is  prepared  artificially  by  adding  any  soluble  sulphate  to  a  soluble  strontium  salt. 
It  is  a  heavy  white  powder,  almost  insoluble  in  water,  but  sufficiently  so  to  form  a 
precipitate  when  its  solution  is  added  to  a  barium  salt. 

Sulphate  of  Zinc  (ZnS04.7HaO),  known  also  as  white  vitriol,  or  zinc  vitriol,  crys- 
tallizes in  right  rhombic  prisms,  which  are  easily  soluble  in  water.  It  is  used  in  medi- 
cine, and  also  in  certain  manufactures. 
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Solph-Indigotio  Add.  Indigo  dissolves  in  faming  sulphuric  acid,  fonning  a  con- 
jugate sulpho-acid  of  the  formula  C8H5NO.S03,  which  is  soluble  in  water  and  capa- 
le  of  forming  salts,  which  are,  however,  not  very  definite  or  crystallizable.  The 
acid  is  used  in  the  laboratory  as  a  reagent,  and  the  potassium  salt  is  used  in  dyeing  ; 
it  is  a  copper-colored  deliquescent  mass  soluble  in  water,  and  forming  an  intensely 
blue  solution. 

Sulphites.  Combinations  of  sulphurous  acid  with  bases  are  called  sulphites.  The 
following  are  the  most  important. 

Sulphite  of  Ammonium  ((NHJ  ,S03.H20)  is  a  white  crystalline  salt  having  an 
alkaline  reaction. 

Sulphite  of  Calcium  (CaSOs.2H,0)  crystallizes  in  six-sided  prisms,  and  is  diffi- 
cultly soluble  in  water.    It  is  sometimes  used  as  an  antiseptic. 

Sulphites  of  Potassium.  The  neutral  salt  (K^SO^HjO)  is  a  deliquescent  crystal- 
line salt.  The  acid  sulphite  (K,SOs.S02)  forms  hard  granular  crystals,  which  are 
soluble  in  water  and  are  permanent  in  the  air.  This  salt  is  of  frequent  use  in  labora- 
tories as  a  reducing  agent,  and  as  a  convenient  source  of  sulphurous  acid,  which  is 
evolved  from  it  in  the  gaseous  state  on  the  addition  of  a  mineral  acid. 

Slllpho-Acids.  When  strong  sulphuric  acid  is  added  to  many  organic  compounds, 
it  unites  with  them,  forming  conjugate  acids,  which  are  known  generally  as  sulpho- 
acids,  and  specially  by  the  name  of  the  compound  with  the  prefix  sulpho ;  thus  we 
have  sulpho-benzolic  acid,  sulpho-succinic  acid,  etc. 

Snlpho-Cyanides.  Compounds  of  sulpho-cyanic  acid  (CNHS)  with  bases,  or 
8ulpho-cyanogen  (CNS)  with  metals,  are  called  sulpho-cyanidcs.  The  only  ones  of 
importance  are  the  following : — 

Sulpho-cyanide  of  Potassium  (KCNS)  crystallizes  in  long  needle-shaped  prisms, 
which  are  deliquescent,  easily  fusible,  and  very  soluble  in  water  and  alcohol. 

Sulpho-cyanide  of  Ammonium  ((NHJCNS),  crystallizes  in  large  colorless  plates 
which  are  very  soluble  in  water.  When  this  salt  in  the  powdered  state  is  suddenly 
stirred  up  with  its  own  weight  of  hot  water,  so  great  a  reduction  of  temperature  takes 
place  that  the  solution  is  lowered  to  the  freezing  point.  These  two  salts  have  been 
proposed  for  use  in  photography  owing  to  their  property  of  dissolving  chloride  of 
silver. 

Sulpho-cyanide  of  Iron.  When  a  sulpho-cyanide  is  added  to  a  per-ealt  of  iron  an 
intense  blood-red  solution  is  formed.  This  is  a  very  delicate  test  for  iron,  and  is  of 
frequent  employment  in  the  laboratory.    It  is  scarcely  known  in  the  solid  state. 

Sulphur.  A  non-metallic  element  known  to  the  ancients.  When  pure  it  is  a 
brittle  lemon-yellow  solid.  Specific  gravity  2.05.  Atomic  weight  32.  Symbol  S. 
It  melts  at  120°  C.  (248°  F.)  forming  a  pale  yellow  liquid,  and  at  440°  C,  it  boils ; 
between  these  temperatures  it  gets  dark  and  viscid,  until  at  about  220°  C.  (428°  F.) 
it  has  the  consistency  of  thick  treacle ;  above  this  temperature  it  gets  thinner  again. 
It  assumes  many  allotropic  conditions,  of  which  the  most  remarkable  are  the  fol- 
lowing : — 

Common  Sulphur  crystallizes  readily  in  octahedrons,  and  dissolves  easily  in  disul- 
phide  of  carbon. 

Prismatic  Sulphur  is  of  a  yellowish  brown  color.  Specific  gravity  1.98.  It  dis- 
solves readily  in  disulphide  of  carbon. 

Amorphous  Soluble  Sulphur  is  the  form  in  which  sulphur  is  precipitated  from  its- 
solutions  by  acids  or  by  tne  sudden  condensation  of  its  vapor.  It  is  readily  con- 
verted into  the  normal  octahedral  variety. 

Amorphous  Insoluble  Sulphur  is  a  soft  magma,  obtained  when  disulphide  of  chlo- 
rine is  decomposed  with  water ;  it  is  insoluble  in  disulphide  of  carbon. 

Plastic  Insoluble  Sulphur  is  obtained  by  heating  melted  sulphur  to  a  tempera- 
ture of  about  270°  C.  (518°  F.),  and  then  pouring  it  into  cold  water.  In  this  state 
it  is  a  soft,  yellowish-brown  elastic  mass  which  can  be  kneaded  between  the  fingers 
and  moulded  into  any  form ;  it  gradually  becomes  converted  into  ordinary  sulphur  on 
standing. 

The  oxygen  compounds  of  sulphur  are  numerous.  The  most  important  of  these 
are  the  following : — 

Oxides  of  Sulphur.  Sulphur  unites  with  oxygen  in  many  proportions  fonning 
acids ;  of  these  we  need  only  mention  the  following : — 

Sulphurous  Acid,  sulphurous  oxide,  or  dioxide  of  sulphur  (SO,),  is  formed  when 
sulphur  is  burnt  in  the  air  or  in  oxygen  gas.    It  is  a  colorless  heavy  gas  oi  a.  pecu- 
40 
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liar  suffocating  odor,  more  than  twice  as  heavy  as  atmospheric  air,  and  very  soluble 
in  water.  When  cooled  in  a  powerful  freezing  mixture  or  condensed  under  a  pres- 
sure of  three  atmospheres,  sulphurous  acid  liquefies  to  a  colorless  mobile  liquid  of 
specific  gravity  1.45 ;  under  the  ordinary  atmospheric  pressure  this  boils  at  — 10°  C. 
(14°  F.).  When  cooled  to  — 79°  0.,  it  solidifies  to  a  white  crystalline  mass.  Sul- 
phurous acid  has  a  considerable  tendency  to  absorb  oxygen,  forming  sulphuric  acid. 
It  is  largely  used  as  a  bleaching  agent  and  as  a  disinfectant.  Sulphurous  acid  unites 
with  bases,  forming  a  well-defined  series  of  salts  which  are  known  as  sulphites,  which 
see. 
y  Sulphuric  Acid.  Anhydrous  sulphuric  acid  (SO,),  or,  as  it  is  sometimes  called, 
^sulphuric  anhydride,  forms  beautiful  white  needles  like  asbestos.*/Its  affinity  for 
water  is  very  great,  and  When  dropped  into  it  it  hisses  like  a  red-hox  iron.  Its  com- 
bination with  water  is  called  Sulphuric  Arid  or  Oil  of  Vitriol  (SO,.H,0)t  which  is 
an  oily  colorless  liquid,  boiling  at  327°  C.  (620.5°  FA  possessing  a  specific  gravity 
of  1.84 ;  it  has  a  very  powerful  affinity  for  water,  ana  when  exposed  to  the  air  ab- 
sorbs moisture  rapidly.  On  this  account  it  is  of  great  value  in  the  laboratory  as  a 
desiccating  agent  for  gases.  When  mixed  suddenly  with  water,  the  temperature 
rises  greatly,  sometimes  as  much  as  100°  C.  Its  affinity  for  water  is  so  great  that  it 
takes  it  from  organic  substances,  such  as  wood,  sugar,  etc.,  in  which  it  is  supposed 
not  to  exist  ready  formed  but  only  in  its  elements.  Under  the  powerful  influence  of 
the  acid  these  unite  and  are  withdrawn,  liberating  the  carbon.  A  drop  of  strong 
sulphuric  acid  left  for  a  few  minutes  on  almost  any  organic  compound  carbonizes  it, 
leaving  a  charred  stain.  Oil  of  vitriol  dissolves  the  anhydrous  acid,  forming  what  is 
known  as  fuming  sulphuric  acid.  On  the  large  scale  sulphuric  acid  is  prepared  in 
enormous  quantities  by  a*  process  somewhat  as  follows.  Sulphur  or  iron  pyrites  (sul-^_ 
phide  of  iron)  is  burnt  in  properly  constructed  furnaces,  and  the  resulting  sulphu- 
rous acid  together  with  nitrogen  aud  excess  of  air  are  carried  into  a  large  chamber 
made  of  lead,  having  a  capacity  ot  sometimes  100,000  cubic  feet.  On  its  passage 
there,  the  sulphurous  acid  takes  up  nitric  peroxide  (NO,)  and  inside  the  lead  cham- 
ber steam  is  admitted.  A  reaction  here  takes  place  between  the  sulphurous  acid  and 
the  nitric  peroxide,  by  which  the  latter  is  reduced  to  nitric  oxide  (NO),  and  the  sul- 
phurous acid  is  oxidized  to  sulphuric  acid  and  unites  with  the  aqueous  vapor.  The 
reaction  may  be  expressed  by  the  following  equation,  NO,  +  SO,  +  H„0  =  HJs04 
+  NO.  As  soon  as  the  nitric  oxide  is  formed  it  absorbs  oxygen  from  the  air  which 
is  present,  and  becomes  again  converted  into  nitric  peroxide,  which  immediately 
passes  the  additional  atom  of  oxygen  to  another  portion  of  sulphurous  acid,  and  so 
on,  a  small  portion  of  nitric  peroxide  thus  oxidizing  an  indefinite  quantity  of  sul- 
phurous acid,  as  it  acts  merely  as  a  carrier  of  oxvgen.  The  liquid  which  condenses 
on  the  floor  of  the  lead  chamber  is  then  drawn  on*,  and  concentrated  by  evaporation 
until  it  attains  the  specific  gravity  of  1.7 ;  this  is  then  transferred  to  glass  or  pla- 
tinum retorts  and  boiled  down  until  it  attains  the  specific  gravity  of  1.84,  when  it 
becomes  what  is  known  in  commerce  as  oil  of  vitriol.  Sulphuric  acid  is  the  strongest^ 
known  acid  at  ordinary  temperatures,  and  it  unites  with  all  bases,  forming  salts  whiclT^ 
are  called  sulphates.  When  added  to  salts  of  other  acids  it  displaces  them,  taking 
possession  of  the  base,  except  in  the  case  of  some  perfectly  insoluble  compounds, 
such  as  certain  silicates.  At  a  high  temperature,  however,  some  other  acids,  such  as 
silicic  and  boracic  acids,  appear  stronger  than  sujphuric.as,  owing  to  their  dimin- 
ishedTohitnityVthcy  remain  fixed  at  temperatures  at  which  sulphuric  acid  cannot 
exist  uncombined.  For  a  description  of  the  most  important  compounds  of  this  acid, 
see  Sulphates. 

There  are  several  other  sulphur  acids,  which  are,  however,  unimportant.  Their 
names  and  formulas  are  hypo-sulphurous  acid,  H2S?03,  also  called  thio-sulphuric,  or 
dithionous,  or  sulphuretted  sulphurous  acid.  Dithionic  or  hypo-sulphuric  acid 
H,S.,0-.  Trithionic  or  sulphuretted  hypo-sulphuric  acid,  H^b,06.  Tetrathionic 
acid*  H^S.O, ;  and  Pentathionic  acid,  H^O,.  These  all  form  salts,  only  one  of 
which   {Hyposulphite  of  Sodium,  which  see),  is  of  any  importance. 

Sulphides.  Combinations  of  sulphur  with  other  elements,  especially  the  metals, 
are  called  sulphides.  Those  of  special  importance  are  described  under  the  different 
metals.  Some  metallic  sulphides  appear  to  act  as  acids,  whilst  others  act  as  bases, 
and  these  can  unite  with  each  other,  forming  definite  and  sometimes  well  crystallized 
compounds,  which  are  called  sulphur  acids.  These  are  analogous  to  the  oxygen 
salts,  the  sulphur  merely  replacing  oxygen. 
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Sulphur  unites  with  chlorine  in  several  proportions,  the  disulphide  of  Chlorine 
(CljSj),  sometimes  called  protochloride  of  sulphur,  is  the  most  important.  It  is  formed 
when  chlorine  gas  is  passed  over  sulphur  and  the  product  rectified.  When  pure  it 
is  a  reddish-yellow  liquid,  fuming  strongly  in  the  air  and  having  a  disagreeable  pen- 
etrating odor ;  it  boils  at  136°  0.  (277°  F.) ;  its  specific  gravity  is  1.68.  This  com- 
pound is  largely  used  in  the  manufacture  of  vulcanized  India-rubber. 

Sulphur,  Action  Of  Light  on.  According  to  M.  Lallemand,  sulphur  is  con- 
verted into  an  amorphous  variety  by  the  direct  action  of  sunlight,  inasmuch  as 
sulphur,  previously  soluble  in  sulphide  of  carbon  and  crystallizable,  is  converted  into 
an  amorphous  modification,  insoluble  in  sulphide  of  carbon.  A  concentrated  solution 
of  sulphur  in  sulphide  of  carbon  is  placed  in  a  sealed  tube,  and  the  tube  is  exposed 
for  some  time  to  the  action  of  the  sun's  rays,  concentrated  by  a  lens ;  this  causes  a 
copious  precipitation  of  sulphur  as  an  amorphous  insoluble  powder. 

Sulphuric  Acid.    See  Sulphur. 

Sulphurous  Acid.    See  Sulphur. 

Sulphur,  Spectrum  o£  In  a  Geissler's  tube,  sulphur,  when  warmed  and  ren- 
dered incandescent  by  the  passage  of  an  induction  current,  gives  rise  to  a  spectrum 
of  bright  bands  of  PlUcker's  first  order;  when  strongly  heated  the  bright  bands  give 
place  to  bright  lines,  the  spectrum  changing  to  one  of  PlUcker's  second  order. 

Summer.    See  Seasons. 

Summer  Climates.    See  Isotherals  ;  Isothermal ;  Climate,  etc. 

Sun.  (Derivation  uncertain.)  The  central  and  controlling  orb  of  the  planetary 
system,  the  source  of  light  and  heat  to  this  earth,  and  all  the  other  globes  which 
form  that  system. 

The  sun  has  a  diameter  of  852,900  miles.  He  is  either  perfectly  spherical  in  shape,  or 
so  nearly  so  that  no  instruments  we  can  use  could  exhibit  any  difference  which  may 
exist  between  his  polar  and  equatorial  diameters.  The  opinion  of  astronomers  on 
this  point  is  not  founded  on  the  mere  measurement  of  the  solar  disk,  but  on  a  com- 
parison of  all  the  observations  made  upon  the  sun  at  Greenwich  and  other  leading 
observatories ;  insomuch  that,  as  was  well  remarked  by  the  Astronomer  Royal,  any 
measurements  exhibiting  a  difference  between  the  sun's  polar  and  equatorial  diame- 
ters would  simply  establish  their  own  inexactness.  The  volume  of  the  sun  exceeds 
that  of  the  earth  no  less  than  1,252,691  times.  His  mean  density  is  almost  exactly 
one-fourth  of  the  earth's,  so  that  his  mass  exceeds  the  earth's  31 5,000  times.  H*e 
outweighs  all  the  planets  together  about  750  times.  Gravity  at  his  surface  exceeds 
gravity  at  the  earth's  27.1  times ;  so  that  a  terrestrial  pound  would  weigh  nearly  a 
quarter  of  a  hundred-weight  if  removed  to  the  sun's  surface,  and  bodies  let  fall  from 
a  height  of  436  feet  would  reach  the  sun's  surface  in  one  second,  and  have  acquired 
in  that  time  a  velocity  of  872  feet  per  second — that  is,  of  about  ten  miles  per  minute. 

The  sun  rotates  upon  an  axis  inclined  7°  20'  to  the  plane  of  the  ecliptic,  but  con- 
siderably less  to  the  mean  plane  of  the  planetary  motions.  Owing  to  the  inclined 
position  of  his  axis,  his  equator  is  sometimes  presented  to  the  earth  as  a  straight 
line,  at  others  somewhat  bowed  northwards  or  southwards.  The  curvature  is  very 
small,  even  at  its  maximum.  On  about  the  9th  of  December  and  the  7th  of  June 
the  sun's  equator  is  seen  as  a  straight  line  inclined  7°  20'  to  the  ecliptic,  the  eastern 
extremity  being  north  of  the  ecliptic  at  the  former  date,  and  south  of  the  ecliptic  at 
the  latter.  On  or  about  September  11th,  the  solar  equator  exhibits  its  greatest  cur- 
vature, its  convexity  being  southwards,  and  the  general  direction  of  the  solar  equator 
coinciding  at  this  time  with  the  ecliptic.  A  similar  appearance  is  presented  on  or 
about  March  10,  but  the  convexity  is  now  turned  northwards. 

The  rotation  of  the  sun,  as  determined  by  the  motion  of  the  solar  spots,  would 
appear  to  vary  according  to  the  solar  latitude,  though,  of  course,  in  reality  there  can 
be  but  one  rotation  period,  and  the  differences  actually  observed  are  due  to  the 
proper  motion  of  the  solar  spots.  We  owe  to  the  labors  of  Carrington  the  discovery 
of  this  interesting  relation.  He  assigns  the  following  formula  for  the  movement  of 
a  spot  in  24b.  of  mean  solar  time  in  solar  latitude  / ; — 

865'— 165' sin!1/ 

Thus  the  time  of  a  complete  revolution  of  a  point  on  the  sun's  equator,  as  viewed 
from  the  earth,  would  be  almost  exactly  25  days ;  but  considered  with  reference  to 
the  celestial  sphere,  a  complete  revolution  of  such  a  point  takes  place  in  about  24.2 
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The  methods  which  have  been  used  for  determining  the  son's  distance  are — 1. 
Observations  of  the  transits  of  Venus  (see  Venus) ;  2  and  3.  Observations  of  the 
parallax  of  Mars,  according  to  two  different  methods  (see  Mars) ;  4.  The  compari- 
son of  the  velocity  of  light  as  measured  by  terrestrial  experiments,  and  as  deter- 
mined by  observations  made  on  Jupiter's  satellites  (see  Jupiter) ;  5.  Observations 
of  the  amonnt  of  the  moon's  parallactic  inequality  (see  Lunar  Theory) ;  and, 
6thly.  Observatiops  of  the  effect  on  the  sun's  apparent  motion  of  the  earth's  revolu- 
tion around  the  common  centre  of  gravity  of  the  earth  and  moon.  These  methods 
have  given  results  which  may  be  thus  tabulated  (though  it  is  to  be  noticed  that  the 
same  method,  or  even  the  same  series  of  observations,  will  give  slightly  different 
results,  according  to  the  method  of  calculation  employed) — 

Bolar  Parallax. 

Method  1,  transit  of  Venus  in  1769,  Encke's  estimate      .        .  8.578" 

Methods  2  and  3,  Winnecke's  estimate 8.964 

Stone's  estimate 8.930 

Method  4,  Foucault's  estimate 8.960 

Method  5,  Hansen's  estimate    .        .        .        .        .        .        .  8.916 

Method  6,  Le  vomer's  estimate 8.950 

It  will  be  seen  that  the  sun's  equatorial  horizontal  parallax  (see  Parallax)^  as 
determined  by  the  first  method,  seems  to  fall  considerably  short  of  the  other  esti- 
mates. Mr.  Stone  has  shown,  however,  that  the  error  has  arisen  from  an  inexact 
mode  of  treating  the  observations  made  in  1769.  Bv  a  more  satisfactory  process 
he  obtains  the  result  8.91".  It  will  be  noticed  also  that  he  has  obtained" an  inde- 
pendent result  8.93".  He  has  further  detected  a  mistake  in  Leverrier's  estimate, 
arising  from  an  error  in  computation,  and  thus  reduces  the  parallax  by  the  sixth 
method  to  8.89". 

Combining  all  the  best  modern  results,  it  would  seem  as  though  the  value  8.9" 
fairly  represented  the  sun's  parallax.  But  in  the  table  of  elements  8.94 '  is  the 
assumed  value,  in  accordance  with  a  suggestion  made  by  Leverrier  and  Airy.  The 
mean  distance  of  the  sun,  on  the  assumption  that  the  parallax  is  8.94",  is  91,430,000 
miles. 

Superior  Planets.    Those  planets  whoso  orbits  lie  outside  the  earth's. 

Supersaturation.  Referring  to  solution  for  a  definition  of  saturation,  a  liqu'd 
is  said  to  be  super  saturated,  when,  being  saturated  at  a  high  temperature,  it  can 
be  cooled  down  without  depositing  any  of  the  solid.  At  this  reduced  temperature, 
then,  the  liquid  holds  more  of  the  solid  than  it  could  take  up  or  dissolve  at  that 
reduced  temperature.  A  liquid  may  be  supersaturated  with  a  gas,  as  when,  in  addi- 
tion to  its  own  volume  of  carbouic  acid  which  water  dissolves,  it  is,  under  the  influ- 
ence of  pressure,  made  to  take  up  another  volume  of  the  gas,  as  in  the  case  of  soda 
water,  champagne,  etc.  Again,  a  liquid  at  or  near  the  boiling  point  is  a  supersatu- 
rated solution  of  its  own  vapor,  and,  in  all  three  cases,  the  salt,  or  the  gas,  or  the 
vapor  can  be  separated  from  solution  under  the  influence  of  nuclei.     (See  Nucleus.) 

Supersaturated  saline  solutions  possess  remarkable  properties.  A  solution  of  sodic 
sulphate  (Glauber's  salt),  for  example,  saturated  at  the  point  of  maximum  solubility 
(see  Solution),  and  then  boiled  and  filtered  into  clean  vessels,  may  be  preserved  for 
a  long  time  without  any  separation  of  salt,  provided  they  be  protected  from  the 
action  of  nuclei.  For  this  purpose,  all  that  is  necessary  is  to  plug  the  vessel  with 
cotton-wool,  or  even  to  cover  it  lightly  with  a  watch  glass,  the  former  being  the 
more  efficacious,  in  which  case  the  air  of  a  room,  being  full  of  nuclear  particles,  in 
passing  between  the  fibres  of  the  cotton- wool,  has  these  nuclear  particles  separated, 
the  air  itself  not  being  a  nucleus.  In  this  way  highly  supersaturated  solutions  of 
hydrated  sodic  salts,  such  as  the  acetate,  arseniate,  succinate,  sulphate,  borate,  as 
well  as  the  sodic-potassic  tartrate,  potash  and  ammonia  alums,  magnesic  sulphate, 
baric  acetate,  cupric  sulphate,  and  many  others,  may  be  reduced  to  low  tempera- 
tures without  change,  provided  nuclei  be  rigidly  excluded,  as  by  keeping  the  vessels 
and  the  solutions  chemically  clean.  Various  solid  and  liquid  bodies,  which  act  as 
nuclei  in  their  ordinary  condition,  cease  to  be  such  if  boiled  up  with  the  solution, 
and  allowed  to  cool  down  with  it  in  covered  vessels.  In  such  case,  the  cold  solu- 
tion adheres  to  these  bodies  as  a  whole,  and  there  is  no  separation  of  salt.  So  also, 
if  an  oil  be  dropped  into  a  cold  supersaturated  solution,  and  it  remain  in  the  lenti- 
cular form,  it  docs  not  act  as  a  nucleus,  because  its  surface  tension  separates  it  from 
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actual  contact  with  the  solution,  or  rather  the  tension  of  the  surface  prevents  the 
adhesion  of  the  watery  particles  from  being  weaker  than  that  of  the  saline  mole- 
cules, or  vice  versa,  which  is  a  necessary  condition  of  nuclear  action.  (See  Nu- 
cleus.) But  if  the  oil,  on  being  deposited  on  the  surface  of  the  solution,  spread  out 
into  a  film,  this  film  being  in  closer  contact  with  the  solution,  from  its  diminishing 
its  surface  tension,  acts  powerfully  as  a  nucleus,  large  crystals  of  the  salt  falling 
from  the  under  surface  of  the  film,  until  the  excess  of  salt  over  saturation  has  been 
separated.  Thus  matter,  in  the  form  of  films,  acts  as  a  nucleus,  and  this  is  the  very 
form  in  which  bodies  that  have  been  bindled  or  exposed  to  the  air  contract  nuclei. 
A  glass  rod,  for  example,  drawn  through  the  hand,  becomes  covered  with  a  film  of 
organic  matter,  and  is  a  powerful  nucleus.  On  passing  it  through  flame,  or  boiling 
it  up  with  the  solution,  it  loses  this  film,  and  is  inactive  in  separating  salt,  or  gas. 
or  vapor  from  solution. 

Supersaturated  saline  solutions  of  hydrated  double  salts,  contained  in  clean  cov- 
ered vessels,  may  be  reduced  to  from  0°  F.  to  — 10°  F.,  when  they  form  unstable 
hydrates  in  tetrahedral  crystals,  but  as  soon  as  the  temperature  is  raised  to  32°  F., 
tnese  hydrates  melt  rapidly,  and  form  clear  bright  supersaturated  solutions  as  be- 
fore, effects  which  can  be  produced  any  number  of  times,  provided  the  action  of 
nuclei  be  excluded. 

There  are  some  salts  which  form  modified  hydrates  of  a  more  permanent  character 
than  those  just  referred  to,  such  as  the  sodic  sulphate,  which  in  its  normal  condition 
contains  ten  atoms  of  water  of  crystallization.  If  a  hot  saturated  solution  of  this 
salt  be  cooled  down  in  a  covered  vessel  to  about  40°  F.,  and  still  better  if  lower, 
it  throws  down  anhydrous  salt  in  the  form  of  octahedra ;  if  the  temperature  rise  a 
few  degrees,  these  octahedra  pass  into  solution,  and  form  a  dense  lower  stratum, 
from  which  crystallizes  out  a  modified  salt  in  prisms,  with  oblique  summits,  con- 
taining only  seven  atoms  of  water  of  crystallization,  while  the  solution  above  is 
still  one  of  the  anhydrous  Bait  If  now  the  cotton-wool  be  removed  from  the  vessel, 
the  salt  crystallizes  from  the  surface,  and  crystalline  lines  of  the  ordinary  ten-atom 
salt  proceed  downwards,  carrying  with  them  sufficient  water  to  convert  the  lower 
seven-atom  salt  into  the  ten-atom. 

There  are  many  other  points  connected  with  supersaturation,  some  of  which  have 
already  been  noticed  under  Nucleus  ;  Ebullition,  etc.  We  may  refer  also  to  Mr. 
Tomlinson's  papers,  Phil.  Trans.,  1868 ;  Proc.  Royal  Society,  No.  122,  1870 ;  Phil. 
Mag.,  and  Chem.  News. 

Svalocin.  The  star  a  of  the  constellation  Delphinus.  This  name,  used  in  the 
Palermo  catalogue,  seems  to  be  merely  the  inversion  of  Nicolaus. 

Sylvine.    See  Potassium,  Chloride. 

Symbols,  Astronomical.  In  astronomy  a  number  of  symbols  are  made  use  of 
for  purposes  of  convenience.  The  origin  of  these  symbols  is  not  known,  and  many 
different  interpretations  have  been  given  of  the  symbols  themselves.  For  example, 
the  symbol  for  Capricornus,  VJ,  has  been  thought  by  some  to  be  intended  for  a  rough 
representation  of  the  sea-goat  figured  in  star-maps,  while  others  insist  that  it  is 
formed  from  the  Greek  letters  t p,  for  t payc*,  a  goat.  Again,  the  symbols  of  the  five 
planets  known  to  the  ancients  have  been  thus  interpreted :  g  is  the  petasus  of  Mer- 
cury ;  9  the  mirror  of  Venus  (?) ;  %  the  shield  and  spear  of  Mars ;  %  the  throne 
of  Jupiter ;  \i  the  sickle  of  Saturn  (Cronus,  or  Time).  But  others  find  in  these 
symbols  the  initial  letters  of  various  adjectives  indicating  the  attributes  of  the  sev- 
eral deities  associated  with  these  five  planets.  Yet  others  find  in  J£  the  Zeta  of 
Zeus,  and  in  >£  the  K  of  Kronus.  Some  find  in  %  and  >£  the  Arabic  numerals 
4  and  5,  indicating  that  these  are  the  fourth  and  fifth  planets  of  the  ancient  series. 
In  fine,  there  is  no  end  to  the  interpretation  of  these  symbols  by  means  of  letters 
and  numerals.  (See  the  Delphin  edition  of  Manilius.)  It  would  be  difficult  to  form 
a  conclusive  opinion  where  so  many  different  views  have  been  adopted  ;  but  certainly 
one  is  invited  by  the  resemblance  between  5  and  the  petasus  ashy  that  between  % 
and  the  arms  of  Mars,  to  conclude  that,  among  the  symbols  of  the  planets,  as  cer- 
tainly among  the  Zodiacal  signs,  a  rough  attempt  at  pictorial  illustration  was  the 
real  origin  of  these  figures. 

The  following  are  the  principal  symbols  now  in  use :— 
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Symbols  of  the  Heavenly  Bodies. 


The  8un  . 
Mercury  . 
Venus 
The  Earth 
The  Moon 
Mara 


o 

8 

9 

and® 
C 
o 


Jupiter 
Saturn 
Uranus 
Neptune 
A  comet 
A  star 


i 


The  Asteroids. 


Ceres J 

Pallas $ 


Juno    .         .         •         .         .         •     If 
Vesta g 


The  attempt  to  give  symbols  to  these  bodies  was  continued  until  upwards  of 
twenty  had  been  discovered,  when  the  necessity  of  employing  a  simpler  mode  of  in- 
dicating them  was  recognized.  All  the  symbols  were  therefore  abandoned  (except 
the  four  given  above,  which  are  still  in  use),  and  the  asteroids  are  now  indicated  by 
a  number  indicating  the  order  of  their  discovery,  the  number  being  inclosed  in  a 

small  circle.    Thus,  the  symbol  ©  represents  Angelina,  the  sixty-fourth  asteroid  in 
order  of  discovery. 

Lunar  Phases. 

0  Moon,  in  conjunction  with  the  sun,  or  new. 
J)  Moon,  at  eastern  quadrature,  or  first  quarter, 
O  Moon,  in  opposition  to  the  sun,  or  full. 
<£   Moon,  at  western  quadrature,  or  latt  quarter. 


Signs  of  the  Zodiac. 


Aries 

Tnurus 
Gemini 
Cancer 
Leo  . 
Virgo 


T 

8 

n 

25 

a 


Libra  . 
Scorpio 
Sagittarius  . 
Capri  cornus 
Aquarius 
Pisces 


"I 
2 


Planetary  Positions. 


§  Ascending  node. 
Descending  node. 
£  Conjunction. 
4t  Sextile. 
O  Quadrature. 


E  D  Eastern  quadrature. 
W  Q   Western  quadrature. 

A  Trine. 

<p  Opposition. 


Uranooraphical. 


R  A  or  IR  (sometimes  also«)  Right  ascension. 
Dec.  (sometimes  ))  Declination. 
N.  P.  D.  North  polar  distance, 
h.  Hour. 


m.  Minute  of  time. 
0    Degree. 
'    Minute  of  arc. 
"  Second  of  arc 


Sympiezometer.  (atyuftt£ca,  to  compress ;  futpwt  measure.)  An  instrument  for 
measuring  the  barometric  pressure  by  the  compression  of  air  or  gas.  It  was  invented 
by  Mr.  Adie,  and  consists  of  a  glass  tube  about  18  inches  long  aud  f  inch  in  diame- 
ter, with  a  closed  chamber  at  the  top,  and  an  open  cistern  resembling  that  of  an 
ordinary  barometer  below.  The  cistern  and  the  lower  part  of  the  tube  are  filled  with 
glycerine,  the  closed  chamber  and  the  upper  part  of  the  tube  being  filled  with  com- 
mon air.  As  the  pressure  of  the  external  air  increases  or  diminishes  the  glycerine 
rises  or  falls  in  the  tube.  At  first  oil  of  almonds  was  used  in  place  of  glycerine,  and 
hydrogen  gas  in  place  of  air ;  but  the  gas  was  partially  absorbed  by  the  oil.  The 
glycerine,  in  the  present  form  of  the  instrument,  requires  to  be  of  a  particular  char- 
acter, or  it  will  absorb  part  of  the  air  within  the  tube.  The  indications  of  the 
instrument  must  be  corrected  for  the  effects  of  temperature,  for  which  purpose  a 
common  thermometer  is  attached  to  the  instrument. 

Synaptase.    See  EmuUin. 


SYNODICAL. SYREN.  633 

Syiiodical.  (<*w,  together ;  &o$,  a  journeying.)  In  astronomy  the  interval  sepa- 
rating successive  conjunctions  or  successive  oppositions  of  a  superior  planet,  or  suc- 
cessive conjunctions  of  the  same  kind,  in  the  case  of  an  inferior  planet,  is  called  the 
synodical  period  of  the  planet.  The  moon's  synodical  periods  are  the  same  as  her 
lunations. 

Synthesis.  (aw,  together,  and  0«<jt$,  a  placing.)  The  formation  of  chemical  com- 
pounds from  their  elements  or  from  bodies  of  less  complex  composition.  It  is  the 
opposite  to  Analysts. 

Syren.  The  Syren  of  Cagniard  de  Latour  is  an  instrument  for  exhibiting  the 
connection  between  the  pitch  of  a  note  (see  Pitch),  and  the  number  of  impulses  given 
to  the  air  in  a  given  time.  It  consists  of  a  brass  cylindrical  box,  into  one  end  of 
which  air  can  be  forced  from  an  organ  bellows.  The  opposite  face  of  the  cylinder 
is  pierced  by  one  or  more  rings  of  holes  concentric  with  the  centre  of  the  pierced 
face.  These  holes  are  not  bored  in  a  direction  parallel  to  the  axis  of  the  box,  but 
obliquely  through  the  thickness  of  the  brass.  By  means  of  studs  and  levers  working 
through  the  side  of  the  cylinder  one  or  more  of  these  rings  of  holes  can  be  opened  by 
removing  plates  which  close  their  inner  extremities.  In  very  close  proximity  with 
the  upper  face  of  the  box  is  a  circular  brass  disk  of  the  same  size,  which  turns  with 
great  ease  around  its  centre.  This  disk  is  perforated  by  rings  of  holes  of  the  same 
nature  as  those  in  the  top  of  the  box ;  but  the  inclination  of  the  holes  is  in  the  oppo- 
site direction.  If  the  inclination  of  both  sets  of  holes  is  45°  the  two  sets  will  be  at 
right  angles  to  one  auother.  The  axis  of  the  upper  movable  disk  is  a  spindle  which  car- 
ries an  endless  screw.  This  screw  works  into  the  cogs  of  a  little  wheel,  so  that  when 
the  upper  disk  turns  round  ouce,  the  spindle  turns  round  once,  and  consequently  the 
wheel  is  turned  round  through  the  distance  between  two  cogs.  The  axis  of  this  wheel 
bears  an  index  passing  over  a  graduated  face  or  dial  plate.  It  also  bears  a  pinion 
working  in  the  cogs  of  a  second  wheel,  whose  axis  also  bears  an  index  working  over  a 
dial  plate.  By  this  means  the  second  wheel  will  turn  round  more  slowly  than  the  first, 
according  to  the  ratio  of  the  number  of  cogs  in  the  wheel  and  pinion.  The  arrangement 
is  in  fact  very  similar  to  that  connecting  the  hour  and  minute  hands  of  a  clock.  There 
is  also  an  arrangement  by  which  the  first  wheel  can  be  slipped  into  and  out  of  gear 
with  the  endless  screw.  Let  each  dial  plate  be  divided  into  a  hundred  divisions,  and 
let  the  connecting  gear  be  such  that  the  second  wheel  and  index  turn  round  a  hun- 
dredth of  a  revolution  when  the  first  wheel  and  index  turn  round  once ;  so  that  the 
units  and  tens  of  revolutions  of  the  spindle  are  measured  on  the  first  dial  plate,  the 
hundreds  and  thousands,  up  to  ten  thousand,  on  the  second.  Let  us  suppose  that 
the  syren  is  used  for  measuring  the  pitch  of  a  tuning-fork.  The  fork  is  kept  con- 
tinually sounding  its  fundamental  note  by  an  assistant  who  strokes  it  with  a  fiddle 
bow.  The  screw  on  the  spindle  is  set  out  of  gear  with  the  toothed  wheel.  The  po- 
sitions of  the  indices  on  tne  two  dial  plates  are  noted.  One  of  the  studs  is  pushed 
in  so  as  to  open  one  ring  of  holes  in  the  upper  face  of  the  cylindrical  box,  say  that 
which  contains  n  holes.  Air  is  then  forced  into  the  box  from  the  bellows,  its  elas- 
ticity causes  it  to  escape  through  the  oblique  holes ;  it  strikes  the  oblique  hole  in 
the  movable  disk  at  right  angles,  and  since  these  are  inclined  at  an  angle  of  45°  to 

the  horizontal,  the  resolved  portion  of  its  force  in  a  horizontal  direction  is  —  of  its 

impact  This  horizontal  force,  acting  in  a  tangential  direction,  sets  -the  disk  spin- 
ning. The  same  takes  place  at  each  opening.  When,  therefore,  the  disk  turns  round 
once,  there  arc  n  puffs  of  air  escaping  through  the  disk.  As  the  air  is  urged  in,  the 
upper  disk  increases  in  its  velocity,  and  a  note  of  higher  and  higher  pitch  is  produced. 
(See  Pitch.)  When  the  note  produced  by  the  syren  approaches  that  of  the  fork, 
rapid  beats  are  heard.  (See  Beats.)  When  the  pitches  of  the  two  notes  are  iden- 
tical, these  beats  disappear.  This  consonance  is  maintained  for  some  time,  conve- 
niently until  the  commencement  of  a  minute,  as  indicated  by  the  second  hand  of  a 
watch.  The  screw  on  the  spindle,  and  the  tooths  on  the  wheel,  are  instantly  thrown 
into  gear,  and  the  bellows  worked,  so  that  no  beats  occur.  After  the  lapse  of  exactly 
a  minute  the  screw  is  thrown  out  of  gear,  and  the  readings  on  the  dial-faces  noted. 
Let  this  reading  indicate  m  revolutions.  Since  n  puffs  are  produced  by  one  revolu- 
tion, the  number  of  puffs  per  minute  corresponding  with,  and  giving  rise  to  a  note 

of  identically  the  same  pitch  as  that  of  the  tuning-fork  is  m  x  n,  or  m  *  nis  the 
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number  of  vibrations  of  the  fork  per  second.  The  syren  has  its  name  from  the  cir- 
cumstance, that  it  produces  a  musical  note  when  water  instead  of  air  is  forced 
through  it,  the  whole  instrument  being  under  water. 

The  syren  of  See  beck  is  of  much  simpler  construction,  and  may  be  used  to  show 
roughly  the  relation  between  rapidity  of  sequence  of  impact  and  pitch.  A  circular 
sheet  of  cardboard  is  perforated  with  holes  in  two  concentric  rings,  the  outer  ring 
containing  twice  as  many  holes  as  the  inner  one.  This  can  be  turned  with  great 
velocity  on  its  axis.  One  end  of  a  tube,  open  at  both  ends,  is  placed  in  the  mouth, 
and  the  other  above  the  inner  ring  of  holes,  and  as  close  as  possible  to  them.  On 
turning  the  cardboard  rapidly  round,  and  blowing  through  the  tube,  a  musical  note 
is  produced,  the  pitch  of  which  increases  with  the  velocity  of  rotation.  If,  while  the 
cardboard  is  being  turned  round  with  uniform  velocity,  the  extremity  of  the  tube  be 
directed  to  the  outer  ring  of  holes,  a  note  is  produced  an  octave  higher,  showing  that 
the  relation  between  a  note  and  its  octave  is  the  relation  of  one  to  two  m  the 
number  of  puffs  which  produce  them. 

The  first  form  of  syren  was  that  of  Dr.  Robison,  who  caused  a  perforated  plug  to 
revolve  in  a  tube  through  which  air  was  forced,  and  who  showed  tnat  the  height  of 
the  note  was  increased  with  the  rapidity  of  the  vibrations. 

Syzygy.  (avjvyw*,  conjunction.)  In  astronomy,  the  conjunction  of  the  sun, 
earth,  and  moon  along  one  line,  so  that  when  the  moon  is  new  or  full  she  is  said  to 
be  in  syzygy. 


Talbotype  Process.    See  Calotype  Process. 

Talitha.     (Arabic.)    The  star  c  of  the  constellation  Ursa  Major. 

Tangent  Compass.    A  somewhat  unusual  name  for  tiie  Tangent  Galvanometer. 

Tangent  Galvonometer.    See  Galvanometer. 

Tannin.  (Tannic  acid.)  Terms  applied  to  amorphous  astringent  bodies  found 
in  galls  and  many  varieties  of  bark.  They  have  a  rough  taste,  a  faint  acid  reaction, 
unite  with  animal  membrane,  albumen,  and  gelatin,  forming  insoluble  non-put rifiuble 
compounds,  and  produce  a  dark  blue  or  green  color  with  persalts  of  iron.  The  com- 
monest variety  is  gallotannic  add,  which  is  obtained  from  oak  apples,  and  Turkish 
and  Chinese  gall-nuts.     Its  formula  is  C^H^O^ 

Tantalum.  A  very  rare  metallic  element  discovered  by  Ekebcrg  in  a  mineral 
from  Sweden,  called  tantalite.  Its  history,  which  is  referred  to  under  the  heading 
Columbium,  is  the  principal  point  of  interest  about  it. 

Tarazed.     (Arabic.)     The  star  y  of  the  constellation  Aquilae. 

Tartar.    See  Tartaric  Acid. 

Tartar  Emetic.    See  Tartaric  Acid. 

Tartaric  Aoid.  An  organic  acid  widely  diffused  in  the  vegetable  kingdom, 
especially  in  grape-juice,  where  it  occurs  as  acid  tartrate  of  potassium.  There  are 
five  different  tartaric  acids  known  to  chemists,  which  all  possess  the  same  composi- 
tion (C  JI606),  and  scarcely  differ  from  one  another  except  in  their  action  on  polar- 
ized light,  and  in  crystalline  form.  When  common  tartaric  acid  is  examined  by  a 
ray  of  polarized  light,  it  rotates  it  to  the  right.  But  from  some  varieties  of  graj>e- 
juice  an  acid  called  racemic  is  prepared,  which  scarcely  differs  chemically  from  tar- 
taric acid,  but  has  no  action  on  polarized  light.  It  has  therefore  been  called  Panu 
tartaric  Acid.  By  appropriate  means,  racemic  acid  has  been  separated  into  two 
acids,  one  of  which  is  found  to  be  ordinary  tartaric  acid,  and  the  other  an  exactly 
similar  acid,  but  possessing  a  left-handed  rotation.  This  is  called  kevo-tartaricaciu. 
When  dextro  and  lajvo-tartaric  acids  are  mixed  together,  they  unite  and  form  race- 
mic acid.  The  only  one  of  these  which  requires  detailed  mention  here  is  ordinary 
tartaric  acid,  also  called  dextro-tartaric  acid.  This  crystallizes  in  monoclinic  prisms, 
which  are  colorless,  transparent,  and  very  soluble  in  water  and  alcohol.  It  unites 
with  bases  to  form  salts,  which  are  usually  of  two  kinds,  neutral  and  acid.  These, 
for  the  most  part,  crystallize  easily  in  large,  well-defined  crystals.  Tartaric  acid 
also  forms  numerous  double  salts.  The  following  are  the  more  important  tartrates: 
Bi-tartrate  of  Potassium,  or  cream  of  tartar  (C6II?II06),  is  difficultly  soluble  in 
water,  and  separates  from  its  hot  solutions  in  small  tnmetric  crystals.  In  the  crude 
state  it  is  called  Argol%  or  Tartar,  and  is  deposited  from  many  kinds  of  wine  on 
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keeping.  It  unites  with  soda  to  form  a  double  salt,  which  crystallizes  in  large 
rhombic  prisms,  readily  soluble  in  water.  The  composition  is  (C8HiKNa06.4BJtO). 
It  is  sometimes  called  Kochelle  salt.  Potassio  Antimonious  Tartrate  is  of  consid- 
erable use  in  medicine,  under  the  name  of  tartar-emetic.  Its  composition  is  C4H4K. 
(SbO)06.JH.,0,  and  it  crystallizes  in  octahedrons,  which  are  tolerably  soluble  hi 
water. 

Tartaric  Acid,  Eight-Handed  and  Left-Handed.    See  Right-Handed  and 

Left-Handed  Tartaric  Acid. 

Taurus.  (The  Bull.)  A  sign  of  the  Zodiac.  The  sun  enters  this  sign  on  about 
the  20th  of  April,  and  leaves  it  on  about  the  21st  of  May.  The  constellatiou  Taurus 
occupies  the  zodiacal  region  corresponding  to  the  sign  Gemini.  This  constellation 
is  exceedingly  rich.  It  includes  those  remarkable  star  groups,  the  Pleiades,  and  the 
Hyades,  and  many  singularly  rich  telescopic  fields.  Sir  John  Herschel  considers 
that  a  branch  of  the  Milky  Way  may  perhaps  be  traced  from  Perseus  as  far  as  the 
Pleiades. 

Tautoehrone.  (ravro  for  tb  awto,  just  the  same ;  and  *fx»<*,  time.)  A  curve  such 
that  a  particle  moving  under  the  action  of  given  forces  will  reach  a  given  point  in 
the  same  time,  wherever  may  be  the  starting  point.  A  particle  falling  under  the 
action  of  gravity  from  rest  down  the  arc  of  a  cycloid  will  reach  the  lowest  point  in 
the  same  time,  whatever  be  the  point  of  the  curve  from  which  it  starts.  Heuce  the 
cycloid  is  the  tautoehrone  for  the  force  of  gravity, 

Teinoscope.  (r«ww,  to  spread  out ;  and  oxotttu,  to  view.)  Another  name  for  the 
prism  telescope,  which  see. 

Telegraph,  Atlantic.     See  Atlantic  Telegraph. 

Telegraph,  Electric.  (* ijx*,  at  a  distance ;  ypa$<o,  to  write.)  From  the  earliest 
time,  when  beacons  lighted  on  the  tops  of  the  hills  were  used  to  indicate  the  approach 
of  an  enemy,  or  the  occurrence  of  some  other  important  event,  the  power  of  commu- 
nication at  a  distance  has  been  felt  to  be  a  desideratum.  Many  inventions  and  ar- 
rangements have  from  time  to  time  been  made  with  this  object,  as,  for  example,  the 
signals  by  flags,  or  by  the  old  semaphore  system,  which  is  still  employed  for  railway 
signalling,  by  ringing  of  bells,  or  by  the  motion  of  water  in  tubes,  but  none  of  these 
was  applicable  to  any  but  short  distances,  or  indeed  generally  applicable  at  all. 
The  discovery  of  the  conduction  of  electricity  along  metal  wires,  however,  soon  gave 
rise  to  the  idea  of  communicating  signals  by  means  of  its  effects,  and  the  electric 
telegraph  has  now  become  one  of  the  most  powerful  agents  for  the  promotion  of 
civilization,  and  even  a  necessity  of  every-day  life. 

The  first  electric  telegraphs  proposed  were  founded  on  the  observation  of  motions 
produced  by  the  attraction  or  repulsion  of  statically  electrified  bodies.  In  1747 
Watson  showed  the  transmission  of  a  discharge  from  a  Leydcn  jar  through  a  wire 
stretched  across  the  Thames ;  and  later  in  the  same  year  he  caused  it  to  pass  through 
10,600  feet  of  wire  supported  on  insulators,  which  were  attached  to  wooden  posts. 
In  1753  there  appeared  in  Scot's  Magazine  a  letter  signed  C.  M.,  in  which  the  idea 
of  signalling  by  means  of  electricity  is  originated,  and  during  the  next  seventy  years 
many  different  methods  of  telegraphing  were  proposed.  It  was  not,  however,  till 
after  the  discovery  of  the  electric  current  by  Galvani,  and  of  the  effect  of  a  current 
upon  a  magnetized  needle  in  its  vicinity  by  Oersted,  and  till  after  the  establishment 
of  the  fundamental  laws  of  electric  dynamics  by  Ampere  in  1820,  that  the  idea  of 
electric  telegraphy  was  acknowledged  to  be  practically  useful ;  but  immediately 
after  this,  and  after  the  discoveries  of  Faraday  in  electro-magnetism,  various  schemes, 
more  or  less  practical,  were  proposed  to  take  advantage  of  the  motions  of  a  mag- 
netized needle  in  the  neighborhood  of  a  current  as  a  means  of  signalling.  The  names 
of  Summering,  Schweigger,  La  Place,  Fechner,  Ritchie,  and  Baron  Schilling,  are 
connected  with  the  first  attempts  to  telegraph  by  means  of  Galvanic  electricity. 
The  method  of  the  first  two  was  based  upon  the  decomposition  of  water  by  means 
of  the  pile.  Gauss  and  Weber,  for  the  purpose  of  studying  the  laws  of  the  action 
of  galvanic  currents,  set  up  a  long  line  of  two  wires  from  their  Physical  Cabinet  in 
Gottingen  to  the  Observatory.  This  was  the  first  line  in  which  a  single  wire  was 
employed,  most  of  the  other  systems  requiring  a  wire  for  each  letter,  or  at  least  a  par- 
ticular pair  out  of  several  wires  to  indicate  a  letter.  The  signals  also  were  given  by 
means  of  magneto-electricity,  which  had  not  been  employed  before.  Gauss  and  Weber 
did  not,  however,  employ  the  line,  in  the  first  instance,  for  telegraphic  purposes,  though 
they  afterwards  used  it  in  that  way ;  and  subsequently,  Professor  Steinheil  of  Munich 
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was  requested  by  them  to  perfect  the  arrangements,  and  make  them  capable  of  more 
practical  use.  Hence,  and  from  the  ingenious  inventions  and  improvements  of 
feteinheil,  arose  the  system  of  telegraphy  which  bears  his  name.  The  messages  were 
printed  by  means  of  dots  made  in  proper  positions  on  strips  of  paper  which  were 
kept  in  uniform  motion  by  clockwork.  Steinheil  afterwards  discovered  that  two 
wires  were  unnecessary,  and  that  a  complete  circuit  might  be  made  by  using  one 
wire  and  permitting  the  current  to  return  through  the  earth.  [Professor  Morse  was 
the  first  to  render  the  electric  telegraph  a  practical  success.  In  1835  he  constructed 
a  recorder  which  conveyed  messages,  but  it  was  not  until  eight  years  later  that  he 
obtained  from  the  U.  S.  Congress  an  appropriation ;  and  in  1844  the  first  line  of 
telegraph  opened  for  business  purposes  was  in  use  between  Baltimore  and  Washing- 
ton.] But  telegraphy  is  not  indebted  to  any  more  than  to  Messrs.  Cooke  and  Wheat- 
stone  (now  Sir  Charles  Wheat-stone),  who,  joining  their  inventions  together, 
produced,  with  great  ingenuity  and  perseverance,  a  system  capable  of  practical 
application.  A  telegraph  was  established  by  them  on  the  London  and  Birmingham 
and  Great  Western  Railway  lines ;  and  subsequently,  their  system,  modified  and 
simplified  by  themselves,  and  made  much  less  expensive,  has  been  largely  adopted 
for  inland  telegraphy. 

Our  limits  will  not  permit  us  more  than  this  brief  sketch  of  the  history  of  tele- 
graphy. We  have  not  even  been  able  to  mention  the  names  of  all  the  many  who 
contributed  to  the  progress  of  the  invention.  But  it  will  be  seen  from  what  we  have 
said  that  the  invention  of  telegraphy  cannot  be  claimed,  as  has  frequently  been  done, 
for  or  by  any  one  man  or  set  of  men.  A  multitude  of  investigators,  inventors,  and 
practical  men,  have  assisted  in  the  development  of  the  system. 

We  shall  now  briefly  explain  the  method  of  telegraphy :  details  can  readily  be 
obtained  by  the  interested  reader  from  the  many  practical  works  upon  the  subject, 
and  among  others,  from  those  of  Mr.  Robert  Sabine.  Of  the  line  in  submarine  tele- 
graphs we  have  given  a  description  under  Cable,  Submarine.  The  wires  used  for 
overhead  lines  are  of  iron.  Various  ways  of  protecting  them  from  rusting  have  been 
proposed  and  employed.  The  best  plan  is  probably  that  of  varnishing  them  with 
ooiled  linseed  oil,  or  painting  them  with  tar  from  time  to  time  till  a  tolerably  thick 
coat  is  accumulated,  which  protects  them  from  moisture  and  from  the  contact  of  the 
air.  Galvanized  iron  is  sometimes  employed,  but  in  the  neighborhood  of  large  towns 
where  acid  fumes  are  to  be  fouud  in  considerable  quantity,  the  zinc  coating  is  soon 
destroyed.  The  wire  is  supported  by  means  of  telegraph  posts,  which  in  England 
are  made  of  wood.  It  has  been  proposed  to  use  stone  pillars,  and  this  was  done  to 
some  extent  in  India.  The  stone  pillars  are  much  more  durable  than  wood,  but  the 
expense  of  constructing  them  has  prevented  their  adoption.  In  Switzerland  iron 
posts  have  lately  been  employed,  and  their  use  will  probably  become  more  general. 
The  wire  is  attached  to  insulators  which  are  fixed  to  the  posts.  Of  these  there  are 
various  kinds.  In  England  that  of  Mr.  Latimer  Clarke  is  much  employed.  It  is  a 
double  bell  made  of  porcelain  and  of  a  shape  suitable  to  allow  rain  to  run  off  it  with- 
out wetting  the  inside.  The  bell  is  supported  by  a  stem  proceeding  from  the  top  of 
the  interior  of  it,  and  the  line  wire  passes  through  a  deep  groove  at  the  top  of  the 
bell,  and  is  secured  in  its  place  by  means  of  binding  wire.  In  underground  lines  the 
wires  are  insulated  by  a  gutta-percha  or  other  non-conducting  covering,  and  are  now 
contaiucd  in  iron  pipes  laid  unaer  the  pavement  or  along  roadways.  In  Paris  they 
pass  through  the  sewers  and  catacombs,  those  in  the  sewers  being  inclosed  in  lead 
tubes  for  protection  from  the  destructive  gases. 

For  sending  and  receiving  messages,  various  forms  of  instruments  are  employed, 
the  choice  depending  upon  the  purpose  for  which  they  are  used  and  on  the  length  of 
the  line.  On  long  submarine  lines,  as  is  explained  (see  Atlantic  Telegraph  ;  Mirror, 
Galvanometer,  etc.),  the  reflecting  galvanometer  of  Sir  William  Thomson  is  uni- 
versally and  at  present  necessarily  employed ;  though  it  is  probable  that  a  newly 
invented  self-recording  instrument,  also  by  Sir  W.  Thomson,  which  has  already  been 
tried  on  the  French  Atlantic  and  on  the  Cornwall  and  Lisbon  lines,  will  shortly  be 
in  general  use.  In  this  instrument  a  very  light  coil  of  wire  is  very  delicately  sus- 
pended in  a  magnetic  field,  and  the  motions  of  it  when  a  current  is  passed  through 
it  are  the  means  whereby  the  messages  are  transmitted.  The  coil  of  wire  is  attached 
to  a  very  light  siphon  of  glass  through  which  the  ink  from  a  reservoir  flows.  The 
siphon  is  a  capillary  tube  of  excessive  small  dimensions,  and  the  ink  is  drawn  from 
it  by  electric  attraction,  the  reservoir  and  the  paper  being  oppositely  electrified 


TELEGRAPH.  .      637 

The  extremity  of  the  siphon  is  not  in  contact  with  the  paper  but  only  near  to  it 
The  delicacy  and  rapidity  of  the  instrument  are  even  greater  than  that  of  the  mirror 
galvanometer,  and  the  recording  of  the  message  is  felt  by  telegraph  companies  to  be 
of  the  highest  importance.  On  land  lines  and  short  submarine  lines  the  needle 
telegraph  of  WbeatstoDe  and  Cooke  and  the  recorder  of  Professor  Morse  of  New 
York  are  much  employed.  In  the  needle  telegraph  of  Wheatslone  and  Cooke  a 
pair  of  needles  is  used,  one  of  which  is  magnetized  and  placed  within  a  multiplying 
coil,  the  arrangement  being  similar  to  that  of  the  ordinary  astatic  galvanometer  or 
multiplier :  but  the  plane  of  the  coils  is  vertical  and  the  needles  are  suspended  on  a 
horizontal  axis  about  which  the  pair  turns.  The  axis  of  suspension  is  but  little 
above  the  centre  of  gravity  of  the  system.  The  other  needle  appears  at  the  face 
of  the  instrnment  and  deflects  its  upper  end  to  the  right  or  left  of  the  vertical  line, 
according  to  the  direction  in  which  the  current  passes.  A  certain  number  of  deflec- 
tions to  the  right  or  left,  or  of  deflections  some  right  and  some  left,  in  particular 
order,  indicates  a  given  letter,  number,  or  word.  Frequently,  a  double  needle  tele- 
graph instrument  is  employed,  which  consists  of  two  single  needle  instruments  in  the 
same  case.  The  letters  are  formed  by  combinations  of  indications  from  the  two 
needles,  and  as  there  are  thus  four  motions,  a  right  and  a  left  of  each  needle,  it  is 
evident  that  the  speed  of  signalling  is  immensely  increased.  The  necessity  of  two 
lines,  however,  malies  the  use  of  it  too  expensive  for  general  purposes.    The  messa- 

Pig.  128. 


needle  moveB.  When  the  handle  is  in  the  vertical  position,  the  instrnment  is  in 
condition  for  receiving.  The  turning  of  the  handle  in  one  direction  or  the  opposite 
gives  rise  to  a  current  of  electricity  from  the  battery,  which  passes  both  through  the 
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instrument  of  the  receiver  and  through  that  of  the  sender.    The  attention  of  the 
receiver  is  called  by  a  preliminary  sounding  of  an  electric  bell. 

In  the  Morse  recorder  the  receiving  instrument  consists  essentially  of  a  soft  iron 
bar,  which  is  magnetized  and  demagnetized  by  the  passage  and  stoppage  of  the 
current,  and  a  soft  iron  armature,  which  is  attracted  each  time  the  other  is  magne- 
tized, and  freed  when  it  is  demagnetized.  (Fig.  128.)  The  armature  is  connected 
with  one  end  of  a  lever,  and  to  the  other  end  of  the  lever  is  attached  a  style  or  an 
ink  marker,  which  is  pressed  upon  the  paper  at  each  attraction  of  the  armature. 
The  paper  is  a  long  slip,  which  is  drawn  past  the  point  of  the  marker  at  a  uniform 
rate  by  clockwork.  (Fig.  129.)  The  signals  are  made  by  combinations  of  a  dot  and 
dash  (a  short  and  a  long  mark)  on  the  paper,  the  dot  being  made  when  the  current 
merely  passes  round  the  electro-magnet  for  an  instant,  the  dash  when  the  current  is 

of  some  duration.      The  sending  instru- 
Fig.  130.  ment  is  a  lever  (Fig.  130)  which,  on  being 

pressed  down,  permits  the  current  from  the 
battery  to  flow  into  the  line  during  the 
time  that  the  contact  is  made. 

On  applying  the  Morse  instrument  to  a 
long  line,  it  was  found  that  the  current  is 
frequently  so  weak  that  it  cannot  move 
the  armature,  hence  Morse  connected  with 
the  instrument  a  relay  and  local  battery. 
The  relay  consists  of  a  pair  of  electro- 
magnet coils,  through  which  the  line-cur- 
rent passes.  The  only  work  that  these 
coils  require  to  do  is  to  draw  down  a  light 
armature,  and  the  motion  of  this  armature, 
by  means  of  a  lever,  closes  a  local  circuit  containing  a  battery  and  the  Morse  instru- 
ment. Thus,  on  every  passage  of  the  current  through  the  line-wire,  a  current  is 
caused  to  flow  from  a  local  battery  through  the  instrument,  and  the  work  required 
to  be  done  by  the  line-current  is  very  small  indeed,  being  merely  the  motion  of  the 
key  of  the  local  circuit  at  the  receiving  end. 

In  private  lines,  instruments  known  as  **  dial  telegraphs"  are  employed,  from  the 
ease  with  which  they  are  manipulated.  They  consist  of  two  parts,  a  transmitter, 
which  is  a  dial  marked  with  the  letters  of  the  alphabet,  either  on  keys  which  the 
sender  presses,  or  on  a  plate  over  which  a  handle  passes.  By  mechanical  arrange- 
ment the  current  is  made  through  the  intervention  of  electro-magnets  to  turn  a 
pointer  at  the  receiving  end,  which  moves  over  a  dial  on  which  also  letters  arc 
marked ;  and  at  each  signal  from  the  sender,  the  pointer  stops  at  the  letter  sent. 
There  are  various  forms  of  dial  telegraphs.  Wheatstone's  step  by  step  instrument 
has  perhaps  the  most  general  employment. 

Telephone,  (fijto,  afar ;  and  ^wwj,  a  sound.)  An  arrangement  for  telegraphing 
in  which  the  letters  are  indicated  by  sounds.  It  consists  of  two  parts,  a  sending 
instrument  and  a  receiving  instrument.  In  the  sending  instrument  a  stretched 
membrane  is  made  to  vibrate  by  means  of  sounds  produced  in  front  of  it ;  and 
vibrates  at  rates  depending  upon  the  pitch  of  the  note  played.  At  each  vibration 
contact  is  made,  and  broken  with  a  battery ;  and  by  a  proper  arrangement,  electric 
signals,  whose  number  corresponds  with  the  note  played,  are  sent  through  the  line. 
At  the  other  extremity  the  current  circulates  round  a  bar  of  soft  iron,  which  is  thus 
rapidly  magnetized  and  demagnetized.  The  demagnetization  gives  rise  to  the 
sound  known  as  the  magnetic  tick  (see  Sounds,  Magnetic) ;  and  these  sounds 
occurring  with  the  same  rapidity  as  the  vibrations  produced  at  the  other  end,  give 
rise  at  the  receiving  end  to  the  required  note. 

Telescope.  (* jjau,  at  a  distance ;  and  oxortfu,  to  see.)  An  optical  instrument  for 
viewing  objects  at  a  distance.  It  consists  essentially  of  an  achromatic  object  glass 
or  a  concave  speculum,  which  forms  an  image  of  the  object  to  be  viewed  at  its  focus. 
This  image  is  then  magnified  by  a  simple  microscope  in  the  form  of  an  eye-piece. 
For  astronomical  purposes,  where  it  is  of  no  consequence  if  the  object  is  inverted, 
an  astronomical  eye-piece  is  used,  otherwise  an  erecting  or  terrestrial  eyepiece  is 
more  general.  (See  Achromatic.  Telescope;  Object  Glass;  Speculum;  Astrono- 
mical Eye-piece;  Erecting  Eye-piece;  Reflecting  Telescope;  Galilean  Tele- 
scope.) 
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Telescope,  Magnifying  Power  ofc  The  magnifying  power  of  a  telescope  may 
be  ascertained  by  dividing  the  focal  length  of  the  object-glass  by  that  of  the  eye- 
piece. It  may  be  roughly  seen  by  looking  at  a  distant  object  through  the  telescope, 
and  viewing  the  object  at  the  same  time  with  the  other  eye.  The  two  images  will 
then  appear  side  by  side,  and  their  respective  diameters  can  be  compared. 

Telescope,  Prism.     See  Prism  Telescope. 

Telescopium.    (The  Telescope.)    One  of  Lacaille's  southern  constellations. 

Telluric  Lines  of  the  Solar  Spectrum.  See  Atmospheric  Lines  of  the  Solar 
Spectrum. 

Tellurium.  ( TeUus,  the  earth.)  An  element  belonging  to  the  sulphur  group, 
and  approaching  in  character  a  metal.  It  was  discovered  by  Klaproth  in  1798 ; 
physically  it  strongly  resembles  the  metals ;  it  is  tin-white,  shining  and  metallic 
looking,  crystallizing  readily,  and  very  brittle.  It  is  a  bad  conductor  of  heat  and 
electricity.  Specific  gravity  6.3.  Atomic  weight,  128 ;  Symbol,  Te.  It  melts  at 
500°  0.  (932°  F.),  and  at  a  higher  temperature  volatilizes.  When  heated  in  the  air 
it  takes  fire  with  a  blue  flame.  In  its  chemical  properties  it  strongly  resembles 
sulphur  and  selenium;  like  them  it  forms  two  oxides,  tellurous  acid  (TeO,),  and 
telluric  acid  (TeOJ,  which  unite  with  bases,  and  form  salts  which  are  analogous 
to  the  corresponding  salt  containing  sulphur  and  selenium.  It  forms  telluretted 
hydrogen  (TeHA  which  closely  resembles  sulphuretted  and  seleniurettcd  hydrogen, 
and  its  compounds  with  other  elements  strictly  carry  out  the  analogy. 

Temperament  in  Music.    See  Oamat. 
Temperate  Zone.    See  Climate. 

Temperature.  ( Temperatura,  tempero,  tempus,  from  * f/iwo,  to  cut ;  strictly  a 
portion  cut  or  measured  off,  thus  time.)  The  temperature  of  a  substance  is  the 
amount  of  sensible  heat  associated  with  it.  By  sensible  heat  we  mean  heat  which 
can  be  recognized  by  a  thermometer,  and  which  is  capable  of  passing  to  other  sub- 
stances, and  of  effecting  the  various  changes  in  them  which  heat  is  wont  to  produce. 
When  a  substance  is  heated  its  temperature  is  said  to  increase,  when  it  is  cooled  its 
temperature  is  said  to  decrease.  The  temperature  is  not  the  quantity  of  heat  asso- 
ciated with  a  substance,  for  a  drop  of  water  may  possess  the  temi>erature  of  an 
ocean,  while  the  absolute  quantity  of  heat  possessed  by  the  latter  will  obviously 
be  infinite  compared  with  that  possessed  by  the  former.  In  the  case  of  a  unit  of 
heat  (1  lb.  of  water  raised  through  1°  F.),  wo  have  a  definite  amount  of  matter 
which  has  its  temperature  increased  to  a  definite  extent.  Two  substances  are  said 
to  be  of  the  same  temperature  when,  on  beiug  placed  in  contact,  there  is  no  change 
as  regards  their  sensible  heat ;  if  they  have  different  temperatures  at  the  outset,  the 
temperature  which  results  from  their  being  brought  into  contact  differs  from  that 
which  either  of  them  at  first  possessed.  Temperatures  are  measured  by  the  expansion 
of  a  solid,  liquid,  or  gas,  under  appropriate  conditions,  and  in  instruments  of  divers 
forms;  most  usually  by  the  expansion  of  a  liquid  in  an  instrument  called  a  thermome- 
ter. The  standard  temperatures  to  which  others  are  referred  are  usually  the  freezing 
and  boiling  temperatures  of  water,  other  temperatures  being  expressed  relatively  to 
these.  The  following  are  some  remarkable  temperatures,  according  to  Fahrenheit's 
scale : — 

Absolute  zero  of  temperature  .  — 458°  j  Mercury  boils     ....      662° 

Greatest  artificial  cold      .        .  — 220 

Greatest  natural  cold        .        .  —   91 

Mercury  melts .        .        .        .  —  39 

Ice  melts -H   32 

Wax  melts  ....  144 
Water  boils  ....  212 
Sulphur  melts  ....         239 


Bright  red  heat  ....  1552 

Silver  melts        ....  1773 

Gold  melts 2016 

White  heat        ....  2372 

Temperature  of  a  blast  furnace  .  3280 

Temperature  of  the  voltaic  arc  .  3758 


The  greatest  artificial  cold  has  been  produced  by  rapidly  evaporating  in  a  vacuum 
a  mixture  of  liquid  nitrous  oxide(N,0),  and  disulphide  of  carbon  (CS,).  The  greatest 
natural  cold  was  observed  by  Hansteen  in  55°  N.  Lat.  The  mean  December  tem- 
perature of  Yakutsk  is  — 44.5°  F.  During  some  of  the  Polar  Expeditions  the  cold 
has  been  so  intense  that  mercnry  has  been  beaten  out  into  thin  plates.  The  greatest 
heat  with  which  we  are  acquainted  is  that  of  the  Voltaic  arc,  the  temperature  of 
which,  given  above,  is  on  the  authority  of  Becquerel,  but  all  extreme  temperatures 
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Absolut*  Tenacity  of 

Horiio 

«}  square  line. 

Elm 87ibe, 

Fir  . 

57—  88  " 

Oak         ... 

110—140  " 

136—148  " 

Copper  Wire  . 

266  " 

Brass  Wire 

340  " 

26  " 

Tin  . 

43  " 

Glass  (white)  . 

14—  22  " 

Hempen  Cord . 

34—  60  " 

4« 


«( 


U 
U 


U 


U 


U 


are  incapable  of  being  determined  with  any  approach  to  the  accuracy  of  more  mode- 
rate temperatures.  (See  also  Pyrometer;  Thermometer;  Absolute  Zero  of  Tern- 
percUure.) 

Temporary  Stars,  Spectra  of.    See  Variable  and  Temporary  Stars,  Spectra  of. 

Tenacity.  (Tenax,  from  tenere,  to  hold.)  The  property  by  which  solids  resist 
forces  tending  to  separate  their  particles  from  one  another.  It  is  divided  into  abso- 
lute and  retroactive. 

Absolute  tenacity  is  the  resistance  offered  to  a  force  tending  to  pull  the  particles 
of  a  body  asunder,  and  overcome  their  cohesion.  It  is  estimated  by  the  weights 
required  to  break  rods  or  wires  of  the  various  substances  when  the  weights  are  sus- 
pended from  them. 

Muschenbroeck's  experiments  give  the  following  results,  interpreted  thus :  A  rod 
of  elm  wood,  having  a  horizontal  section  of  one-fourth  of  a  square  line,  breaks  when  a 
weight  of  87  lbs.  is  suspended  from  it ;  or  a  rod  of  elm,  having  a  horizontal  section  of 
one-fourth  of  a  square  centimetre,  breaks  with  a  weight  of  918  kilogrammes : — 

il  Section. 

as  £  square  centimetre. 

918  kilogS. 

600—  929 

1150—1466 

1349—1586 

2782 

3550 

272 

457 

142—  233 

350—  360     " 

Sickinger's  experiments  give  the  following  as  the  ratios  of  the  absolute  tenacities 
of  the  metals: — 

Gold 150,955  lbs. 

*  Silver 190,771 

Platinum 262,361 

Copper 304,696 

Soft  Iron  (Swedish) 362,927 

Hard  Iron 559,880  " 

The  tenacity  of  metals  usually  diminishes  as  the  temperature  increases.     Iron, 
however,  is  an  exception,  its  tenacity  being  greater  at  203°  C.  than  at  100°  C. 
Retroactive  tenacity  is  the  resistance  offered  to  a  force  tending  to  crush  a  body. 
The  following  weights  were  required  to  crush  cubes  of  the  substances : — 

One  cubic  inch  of  Elm      .... 

"    Deal      .... 
"    Oak      .... 

Cubes  of  H  Inch  Edge.  Bpeelfle  Grari  ty, 

Chalk — 

Red  Brick 2.168 

Fire  Brick — 

Portland  Stone 2.428 

White  Statuary  Marble       ....  1.760 

Cornish  Granite 2.662 

Dundee  Sandstone 2.650 

Compact  Limestone     .....  2.598 

Black  Marble 2.697 

Aberdeen  Granite 2.625 

Cubes  of  H  Inch  Edge. 

Cast  Iron — 

Cast  Copper — 

Yellow  Brass       ......  — 

Wrought  Copper — 

Cast  Tin — 

Cast  Lead — 
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1284  lbs. 

1928  " 

3860  " 

y.    Crushing  Fore*. 

1127  lbs. 

1817  " 

3864  " 

9776  " 

23,632  " 

14,302  " 

14,918  " 

17,354  " 

20,742  " 

24,580  " 

9773  " 

7318  " 

10,304  " 

6440  " 

966  u 

483  M 
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The  following  results  were  obtained  with  bars  of  the  various  metals,  6  inches  long, 
and  \  inch  square ;  when  suspended  by  nippers  they  were  broken  by  the  weights 
given  in  the  table : — 


Oast  Iron,  horizontal 

•        • 

1166  lbs. 

Hard  Gun  Metal   . 

.    2273  lbs. 

Oast  Iron,  vertical  . 
Oast  Steel 

■        • 
•        • 

1218  " 
8391  " 

Wrought  Copper  . 
Cast  Copper  . 

.    2112  " 
.    1192  " 

Swedish  Iron,  reduced 

by  the 

Cast  Tin 

.      296  " 

hammer 

•        • 

4504  " 

Cast  Lead 

.      114  " 

English  Iron,  reduced 

by  the 

hammer 

•              • 

3492  " 

The  experiments  of  Stephenson,  Fairbairn,  and  Hodgkinson  on  cast  iron,  showed 
the  retroactive  tenacity  to  be  on  an  average  5.7  times  greater  than  the  absolute 
tenacity.  The  latter,  calculated  from  experiments  on  the  resistance  to  direct  tension, 
was  found  to  be  10  to  11  kilogrammes  for  a  square  millimetre. 

Fairbairn  and  Tate  have  investigated  the  absolute  tenacity  of  glass,  with  the  fol- 
lowing results : — 

Absolute  tenacity,  determined  from  resistance  of  glass  globes  to  internal  pressure : — 

Flint  glass,  specific  gravity  3.078 4200  lbs. 

Green  glass,  specific  gravity  2.528 4800  " 

Crown  glass,  specific  gravity  2.450 6000  " 

The  resistance  of  glass  to  crushing  was  estimated  by  two  methods ;  in  the  first, 
small  cylinders  were  used ;  in  the  second,  cubes  of  glass,  which  were  crushed  between 
parallel  steel  surfaces  by  means  of  a  lever.  The  results  in  the  case  of  the  cylinders 
are  considered  more  accurate,  as  the  cubes  were  cut  from  much  larger  portions  of 
glass  than  the  cylinders,  and  were  probably  less  thoroughly  annealed. 

Mean  Crushing  Weight  in  lbs.  per 

square  inch. 

For  Cyl  inders.      For  Cube*. 

Flint  glass 27,582  13,130 

Green  glass 31,876  20,206 

Crown  glass 31,003  21,762 

For  Fairbairn  and  Tate's  complete  investigation,  see  Proceedings  of  Royal  Society, 
x.  6.  For  other  papers  connected  with  the  subject,  see  Mr.  Rennie's  paper  on  Re- 
sistances to  Crushing,  Phil.  Trans.  1818,  Part  I.,  and  the  "  Britannia  and  Conway 
Tubular  Bridges,"  London,  1850,  for  Stephenson,  Fairbairn,  and  Hodgkinson's  ex- 
periments on  cast  iron.    See  also  Cohesion. 

Tension.     ( Tendo,  to  stretch.)    See  Tran&missibility  of  Forces. 

Tension,  Electric.  A  word  employed  to  denote  that  property  of  the  galvanic 
battery  which  gives  rise  to  a  current  of  electricity  when  the  terminals  of  the  battery 
are  joined  by  a  wire.  It  is  proportional  to  potential  or  difference  of  potentials. 
The  use  of  the  word  is,  however,  rather  vague  and  considerably  varied  by  different 
writers.  In  speaking  of  statical  electricity,  it  is  frequently  defined  to  be  propor- 
tional to  that  which  we  have  called  electric  density,  that  is,  the  quantity  of  electri- 
city per  unit  area  at  a  point,  and  sometimes  as  the  force  or  pressure  tending  to  effect 
discharge  of  an  electrified  body. 

Tension  of  Liquid  Surfaces.  It  appears  that  the  surfaces  of  liquids  Hire  in  a 
somewhat  higher  state  of  tension  than  the  interior  portions,  and  that  liquids  may, 
therefore,  when  exposed  to  the  air,  be  supposed  to  be  inclosed  in  liquid  films  or 
skins.  No  direct  evidence  has  been  gathered  of  the  existence  of  such  films,  but 
certain  phenomena  can  scarcely  be  explained  on  any  other  supposition.  The  fact 
that  a  drop  of  a  liquid  may  rest  for  a  time  on  the  surface  of  the  same  liquid  points 
to  a  resistance  to  rupture  of  one,  probably  both  surfaces.  The  phenomena  of  move- 
ment, when  certain  volatile  substances,  such  as  camphor,  are  placed  in  contact  with 
water,  are  now  generally  admitted  to  be  due  to  the  diminution  of  the  tension  of  the 
superficial  liquid  film  where  it  is  in  contact  with  the  vapor  of  the  substance.  That 
the  liquid  film,  when  approximately  isolated,  possesses  great  cohesion,  is  seen  in  the 
bubble,  very  perfectly  exhibited  in  the  glycerine-soap  bubble.  A  bubble  covering 
a  flat  ring  would  itself  be  flat  if  not  acted  on  by  external  forces,  such  as  gravity ; 
and,  if  the  film  be  thin,  it  will  have  sensibly  a  flat  form*.  It.  is,  in,  this,  form,  in. 
41 
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and  motive  power  are  mutually  convertible,  and  heat  requires  for  its  production, 
and  produces  by  its  disappearance,  motive  power  in  the  proportion  of  772  foot- 
pounds for  each  Fahrenheit  unit  of  heat This  law  may  be  considered  as  a 

particular  case  of  the  application  of  two  more  general  laws,  viz. :  1.  All  forms  of 
energy  are  convertible.  2.  The  total  energy  of  any  substance  or  system  cannot  be 
altered  by  the  mutual  action  of  its  parts.  The  second  law  he  defines  thus :  "  If 
the  total  actual  heat  of  a  homogeneous  and  uniformly  hot  substance  be  conceived 
to  be  divided  into  any  number  of  equal  parts,  the  effects  of  those  parts  in  causing 
work  to  be  performed  will  be  equal." 

The  application  of  certain  principles  of  thermo-dynamics  to  various  phenomena  of 
the  universe  has  been  before  alluded  to  in  connection  with  the  origin  of  the  heat  of 
the  sun,  and  Sir  W.  Thomson  has  treated  the  meteoric  theory  of  the  sun  mathemati- 
cally with  great  skill.  Although  the  heat  of  the  sun  may  have  been  originally 
produced  by  the  collision  of  meteoric  matter,  he  does  not  consider  that  it  can  be  so 
maintained.  He  has  calculated  the  following  table,  which  shows  the  amount  of  heat 
of  gravitation — that  is,  heat  which  would  be  produced  by  the  collision  of  the  various 
bodies  named,  with  the  sun,  in  terms  of  the  total  solar  emission : — 

Beat  produced  equal  to  the  total  etnlaaioa 
of  heat  from  the  ton  for 

Mercury                 6  years,  214  days. 

Mars      .                12  "       252     " 

Venus 83  "       227    " 

Earth 94  "       302    " 

Uranus 1610  " 

Neptune 1890  " 

Saturn 9650  " 

Jupiter 32,240  " 

That  is  to  say,  if  the  earth  fell  into  the  sun,  the  quantity  of  dynamic  energy,  which 
it  possessed  when  in  motion,  would,  when  converted  by  the  collison  into  heat,  be 
sufficient  to  provide  for  the  total  solar  emission  for  nearly  95  years ;  and  the  heat, 
resulting  from  the  fall  of  all  the  above  planets  into  the  sun,  would  provide  for  the 
solar  emission  for  45,585  years.  (See  also  Heat ;  Heaty  Sources  of ;  Mechanical 
Equivalent  of  Heat) 

Thermo-Electric  Battery.    See  Battery,  Thermoelectric 

Thermo-Electricity.  Electric  excitement  results,  under  certain  circumstances, 
from  the  action  of  heat,  and  the  effects  thus  produced  are  treated  of  under  two  heads, 
Pyro-electricity,  and  TJiermo-electricity. 

Seebeck,  in  1821,  found  that  on  raisin?  the  temperature  of  one  of  the  junctions  of 
a  circuit,  composed  of  two  or  more  metals  above  that  of  the  other  junctions,  an  elec- 
tric current  is  generated,  the  direction  of  which  depends  upon  the  nature  of  the 
metals  used,  and  he  called  such  currents  thermo-electrtc.  The  same  is  true  if  one  of 
the  junctions  be  cooled.  Becquerel  showed,  that,  if  to  the  extremities  of  a  delicate 
galvanometer  coil  be  attached  the  ends  of  a  platinum  wire,  on  which  a  knot  is  tied, 
and  if  the  wire  be  heated  near  to  the  knot,  a  current  is  produced,  whose  direction 
changes  according  as  the  heat  is  applied  on  one  side  or  other  of  the  knot.  In  fact, 
in  any  non-homogeneous  circuit,  if  heat  be  applied  near  to  a  place  where  want  of  uni- 
formity and  irregularity  bepns,  a  current  is  set  up.  Let  a  copper  wire  have  one  of 
its  ends  twisted  together  with  an  iron  wire,  and  let  the  other  extremities  of  this  pair 
of  metals  be  attached  to  a  galvanometer,  then  on  nearing  the  point  at  which  the 
copper  and  iron  are  in  contact,  a  current  is  produced,  which  flows,  unless  the  heat  be 
too  great  (see  below)  from  the  copper,  to  tie  iron  through  the  heated  point.  Or, 
again,  if  a  piece  of  copper  wire  be  cut  in  two,  and  if  one  of  the  ends  of  each  half  be 
attached  to  the  galvanometer,  then  on  heating  one  of  the  free  ends,  and  pressing  it 
against  the  other,  a  current  is  at  once  set  up,  which  passes  from  the  hot  to  the  cold 
through  the  junction.  Or  in  a  wire,  one  part  of  which  has  been  hammered,  twisted, 
or  otherwise  strained,  and  the  other  not,  or  if  one  part  has  been  annealed,  and  the 
other  not,  a  current  is  always  obtained  when  heat  is  applied  at  the  place  where 
change  of  molecular  structure  begins. 

As  we  have  said,  when  one  junction  of  two  metals  is  kept  at  a  different  tempera- 
ture from  the  other,  a  current  is  generated.    The  direction  of  the  current,  and  the 
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electromotive  force  depend  upon  the  nature  of  the  metals,  and  also  to  a  certain  extent 
upon  the  temperature  at  which  the  whole  circuit  is  before  one  of  the  junctions  is 
made  to  vary  from  it.  For  any  one  temperature  a  table  may  be  constructed,  in 
which  the  metals  are  arranged  in  order,  such  that  any  two  of  them  being  taken 
together,  and  one  of  the  junctions  varied  a  little  from  that  temperature,  the  direc- 
tion of  the  current  is  indicated  by  their  position  in  the  table.  Matthiessen  gives  the 
following : — 

Bismuth 25 

Cobalt 9 

Potassium 5.5 

German  Silver 5.2 

Nickel         •        •••,.  5 

Sodium        ......  3 

Mercury 2.5 

Aluminium  •        •        •        •  1.3 

q  A      Magnesium  •        .        .        •        •  1.2  •      „  y 

d  I      Lead 1.03      f  O 

g"      Tin 1  *H 

Copper 1 

Platinum 0.7 

Silver 0 

Gas  Coke    .        .        .        •        .        .  —    0.05 

Zinc —    0.2 

Iron —    5 

Antimony —  10 

Tellurium —179 

This  table  gives  the  order  of  the  metals  between  40°  and  100°  F.  The  arrows  indi- 
cate the  direction  of  the  current  through  the  hot  or  the  cold  junction,  and  the  numbers 
express  the  electromotive  force  of  different  pairs  of  metals  compared  with  that  of  a 
copper  and  silver  pair  taken  as  unity.  For  example,  the  current  between  a  pair  of 
wires  of  German  Silver  and  Aluminium  would  flow  from  the  former  to  the  latter 
though  hot ;  and  the  electromotive  force  is  found  by  taking  the  difference  of  the 
numbers  5.2  and  1.3,  that  is,  it  equals  3.9  times  the  electromotive  force  of  a  copper 
and  silver  pair.  Again,  the  electromotive  force  between  German  silver  and  iron  is 
5.2  —  ( — 5  ),  or  5.2  +  5,  or  10.2.  It  appears,  therefore,  that  the  best  effect  would  be 
obtained  from  a  pair  of  bismuth  and  tellurium ;  we  should  obtain  from  them  an  elec- 
tromotive force  of  204.  Tellurium  is  however  very  difficult  to  obtain,  and  bismuth 
and  antimony  are  always  made  use  of  in  constructing  thermo-electric  batteries.  (See 
Battery,  and  Thermopile.} 

Thermo-electric  Inversion.  The  table  just  given  expresses,  as  we  have  said,  the 
order  of  the  metals  at  a  particular  temperature.  Camming,  in  1823,  discovered  that 
the  order  of  the  metals  depends  upon  the  temperature  at  which  the  experiment  is 
made,  but  his  observations  and  those  of  Becquerel  on  the  same  subject  attracted 
little  notice  till  the  matter  was  taken  up  by  Thomson.  The  last  named  added  to  the 
list  already  commenced  a  large  number  of  new  cases  of  thermo-electric  inversions, 
and  by  his  discovery  of  electric  convection  of  heat  threw  a  new  light  upon  the  sub- 
ject The  phenomenon  of  inversion  is  easily  shown.  Let  a  compound  circuit  of 
copper  and  iron  be  attached  to  the  galvanometer,  and  at  common  temperature  let 
one  of  the  copper  and  iron  junctions  be  heated  above  the  other,  the  current  will  pass, 
as  indicated  by  the  list  which  we  have  given  above,  from  copper  to  iron,  through  the 
hot  junction.  Now,  let  both  junctions  be  warmed  up  to  550°  F.,  a  constant  small 
difference  being  maintained  between  the  temperatures  of  them,  it  will  be  found  that 
at  a  certain  temperature  no  current  passes,  and  that  above  this  temperature  the 
current  flows  in  the  opposite  direction,  namely,  from  iron  to  copper,  through  the 
hotter  junction.  In  a  paper  published  in  the  Phil.  Trans.,  1856,  Sir  W.  Thomson 
gives  a  diagram,  in  which  the  neutral  points  are  displayed  for  a  large  number  of 
wires,  and  he  comes  to  the  conclusion,  that,  instead  of  a  single  list  to  show  the  direc- 
tion and  amount  of  the  thermo-electric  current,  it  is  necessary  to  give  a  list  at  each 
particular  temperature  or  a  series  of  curves  to  represent  them.  The  following  lists, 
at  two  temperatures,  make  this  plain. 
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Order  tt  0°  C.  (32°  F.)  Order  at  300°  G.  (072°  ».) 

Antimony.  Antimony. 

Iron.  Cadmium. 

Cadmium.  Zinc. 

Gold.  Gold. 

Silver.  Silver. 

Platinum  (1).  Copper. 

Zinc.  Iron.   ) 

Copper.  Brass. ) 

Platinum  (2).  Lead. 

Lead.  Tin. 

Tin.  Platinum  (V 

Brass.  Platinum  (2 

Platinum  (3).  Platinum  (3] 

Mercury.  Mercury. 

.  Palladium.  Palladium. 

Nickel.  Nickel. 

Bismuth.  Bismuth. 

The  three  specimens  of  platinum  marked  (1),  (2),  (3),  were  probably  alloyed  to 
different  degrees  with  other  metals. 

Thermal  effect*  produced  by  a  current.  Peltier,  in  1834,  showed  a  phenomenon 
the  converse  of  that  which  we  have  been  concerned  with.  On  passing  a  galvanic 
current  through  a  circuit  composed  of  two  different  metals,  he  found  that  one  of  the 
Junctions  is  heated,  and  the  other  cooled  by  it  This  may  be  exhibited  in  the  fol- 
lowing way :  Let  a  circuit  be  formed  of  two  bars  of  bismuth  with  one  of  antimony 
between  them  ;  and  let  a  gentle  current  be  sent  through  it,  it  will  be  found  that  the 
junction  at  which  the  current  passes  from  bismuth  to  antimony  is  cooled,  while  that 
at  which  the  current  passes  from  antimony  to  bismuth  is  heated.  If,  for  example, 
a  few  drops  of  cold  water  be  placed  in  a  hollow  at  each  of  the  junctions,  it  will  be 
frozen  at  the  one  and  warmea  at  the  other;  or  if  one  junction  be  included  in  the 
bulb  of  an  air  thermometer,  and  the  current  passed  first  in  one  direction  and  then  in 
the  other,  the  heating  and  cooling  are  easily  displayed. 

Thermo-electricity  is  much  employed  as  a  means  of  measuring  temperature.  Cum- 
ming  first  made  use  of  it,  and,  afterwards,  Nobili  improved  the  method  in  1834 
(See  Thermopile.) 

Thermometer.  (Ohm*  nea^ ;  fw*p*«,  to  measure.)  Although  literally  a  measurer 
of  heat,  the  instrument  known  as  the  thermometer  aoes  not  measure  absolute  quan- 
tities of  heat ;  it  serves  to  indicate  variations  of  sensible  heat  in  two  or  more  bodies 
— that  is,  to  show  whether  one  substance  contains  more  or  less  sensible  heat  than 
another,  and  the  relationship  between  such  differences.  Thermometers  are  based 
upon  the  facts  that  heat  expands  substances,  and  that  the  same  substance  always 
possesses  the  same  volume  at  a  given  temperature — that  is,  when  it  has  a  given 
amount  of  sensible  heat  associated  with  it,  and  changes  its  volume  equally  for  the 
same  change  of  temperature. 

The  invention  of  the  thermometer  has  been  attributed  to  various  philosophers  of 
the  seventeenth  century.  Some  have  given  the  credit  of  the  invention  to  Galileo, 
others  to  Sanctorio  of  Padua,  Cornelius  Drebbcl  of  Alcraaer,  and  to  Kobert  Fludd. 
There  seems  to  be  every  reason  for  the  belief  that  Galileo  and  Drebbel  were  first 
acquainted  with  it,  but  whether  they  discovered  it  separately  or  not  is  uncertain. 
It  is  probable  that  Galileo  invented  the  air4hermomctcr  about  1602.  Castelli,  in 
writing  to  Ferdinand  Cesarina  in  1638,  says:  "About  this  time  I  remembered  an 
experiment  which  our  Signor  Galileo  had  shown  me  more  than  thirty-five  years  ago. 
He  took  a  glass  bottle,  about  the  size  of  a  hen's  egg,  the  neck  of  which  was  two 
palms  long,  and  as  narrow  as  a  straw.  Having  well  heated  the  bulb  in  his  hands, 
ne  placed  its  mouth  in  a  vessel  containing  a  little  water,  and,  withdrawing  the  heat 
of  nis  hand  from  the  bulb,  the  water  instantly  rose  in  the  neck  more  than  a  palm 
above  the  level  of  the  water  in  the  vessel."  This,  in  fact,  was  an  ordinary  air-ther- 
mometer, which  indicates  differences  of  temperature  by  the  increased  or  diminished 
volume  of  a  mass  of  air  inclosed  in  a  glass  bulb,  communicating  with  a  column  of 
liquid,  which  ascends  or  descends  according  as  the  air  above  it  contracts  or  expands. 
Galileo  appears  to  have  divided  the  stem  of  his  instrument  into  a  number  of  divis* 
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ions  ;  bat  a  thermometer  of  this  nature  is  affected  by  the  pressure,  as  well  as  by  the 
temperature  of  the  air,  and,  as  a  heat  measurer,  is  in  this  form  quite  untrustworthy. 
It  is  frequently  spoken  of  as  a  weather-glass  by  old  writers ;  for  the  air-thermometer 
served  the  purpose  both  of  weather-glass  and  thermometer  from  the  time  of  its  inven- 
tion until  the  disoovery  of  the  barometer  by  Torricelli,  and  the  invention  of  the 
spirit-thermometer  by  the  Florentine  Academicians.  It  was  used  by  Galileo,  Bacon, 
and  many  philosophers  of  the  first  half  of  the  seventeenth  century.  The  thermometer 
of  Drebbel  was  also  an  air-thermometer.  The  spirit-thermometer  was  invented  by 
some  of  the  members  of  the  Accademia  del  Cimento  in  1655  or  1656.  It  consisted 
of  a  glass  bulb  with  a  long  stem,  and  was  filled  with  alcohol,  then  heated  so  as  to 
drive  out  all  air  from  the  tube,  the  open  end  of  which  was  sealed — in  fact,  it  was  a 
rough  form  of  the  liquid-thermometer  of  the  present  day.  The  temperature  was 
measured  by  the  expansion  of  the  alcohol,  idicated  by  small  knobs  of  glass  stuck  to 
the  side  of  the  tube,  and  forming  a  very  rough  graduation.  The  only  one  we  have 
ever  seen  was  about  7  inches  long,  and  of  a  slightly  opalescent  glass  (possibly  the 
result  of  age).  The  bulb  was  nearly  an  inch  in  diameter,  and  the  small  knobs  of 
glass  affixed  to  the  stem  were  rather  larger  than  pins'  heads.  Many  of  these  spirit- 
thermometers,  possessing  very  various  shapes,  are  figured  in  the  "  Saggidi  Naturali 
esperienze,  fatte  neW  Accademia  del  Cimento*1  published  in  1667.  The  spirit- 
thermometer  of  the  Academy  of  Cimento  possessed  the  great  advantage  over  those 
of  Galileo  and  Drebbel,  that  it  was  unaffected  by  the  pressure  of  the  air.  Edmuud 
Halley  introduced  mercury  in  place  of  alcohol  about  the  year  1680.  Otto  Von 
Guericke  was  the  first  to  propose  the  freezing-point  of  water  as  the  lowest  limit  of 
the  scale,  while  llcnaldini,  in  1694,  proposed  the  boiling  and  freezing-points  of  water 
as  the  opposite  limits  of  the  thcrmomctric  scale. 

Fig.  131. 
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The  instrument  most  used  in  the  present  day  for  the  indication  of  temperature  is 
the  mercurial  thermometer,  the  construction  of  which  depends  on  the  fact  that  mer- 
cury increases  in  volume  under  the  action  of  heat  to  a  much  greater  extent  than 
glass.  If,  therefore,  we  have  a  volume  of  mercury  in  a  closed  glass  envelope,  and  in 
connection  with  a  capillary  tube,  we  are  able  to  appreciate  a  variation  of  tempera- 
ture by  the  position  of  the  column  of  mercury  in  tne  tube,  certain  fixed  positions 
being  given  and  established.  The  expansion  of  mercury  in  a  thermometer  tube  for 
a  certain  increment  of  heat  is  obviously  not  the  absolute  expansion  of  the  mercury 
for  that  amount  of  heat,  but  the  difference  between  the  expansion  of  the  mercury, 
and  the  glass  envelope  which  contains  it.  In  order  to  construct  a  mercurial  ther- 
mometer, a  glass  bulb  ( usually  about  half  an  inch  in  diameter)  is  blown  at  one  end 
of  a  capillary  tube.  Tne  bulb  is  then  heated  so  as  to  expel  some  of  the  air  which  it 
contains,  and  the  open  end  of  the  capillary  tube  is  dipped  into  mercury.  As  the  air 
in  the  bulb  cools,  it  contracts,  and  a  certain  amount  of  mercury  is  forced  up  into  the 
bulb  by  atmospheric  pressure.  The  mercury  in  the  bulb  is  now  boiled,  so  as  to  expel 
all  air  from  the  tube,  and  when  it  is  entirely  full  of  mercury  vapor,  the  open  end  is 
again  dipped  into  mercury,  which  rises  and  fills  both  bulb  and  stem.  The  bulb  is 
next  heated  to  a  higher  temperature  than  the  thermometer  is  desired  to  indicate, 
which  causes  6ome  of  the  mercury  to  flow  from  the  open  end  of  the  capillary  tube. 
This  end  is  finally  sealed  while  the  mercury  in  the  bulb  is  hot,  by  fusing  the  glass  at 
the  orifice.  As  the  mercury  cools,  it  contracts,  leaving  a  portion  of  the  capillary 
tube  unoccupied ;  and  this  is  a  perfect  vacuum  as  regards  air,  and  contains  at  most 
but  an  extremely  minute  quantity  of  mercury  vapor.  When  such  an  instrument, 
having  attained  the  surrounding  atmospheric  temperature,  is  warmed,  the  glass  bulb 
and  the  mercury  within  it  expands,  ana  the  latter  rises  in  the  capillary  tube.    If 
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glass  and  mercury  expanded  equally,  there  would  be  no  rise  of  mercury  in  the  tube, 
but  for  an  equal  amount  of  heat  mercury  expands  nearly  twenty  times  more  than 
glass,  hence  the  thermometric  indication.  The  delicacy  of  the  instrument — that  is, 
the  amount  of  ascent  of  the  mercury  in  the  tube  for  any  given  increment  of  heat — 
depends  on  the  relation  between  the  size  of  the  bulb  and  the  size  of  the  capillary 
tube.  Thus,  it  is  obvious,  other  things  being  equal,  that  a  thermometer,  with  a 
very  fine  bore,  will  be  more  delicate  than  one  with  a  larger  bore,  and  that  a  thin  flat 
capillary  tube  will  be  more  delicate  than  a  cylindrical  tube  of  the  same  breadth. 

Thus  far  we  have  simply  an  instrument  which,  on  being  heated,  will  indicate  that 
fact  by  the  rise  of  mercury  in  a  tube,  and,  on  being  cooled,  will  similarly  show  a  fall 
of  the  mercury.  In  order  to  acquire  some  idea  of  the  degree  of  change  of  tempera- 
ture, it  is  necessary  to  graduate  the  thermometer  tube — that  is,  to  divide  it  into  a 
number  of  equal  parts,  and  for  this  purpose  it  is  essential  that  we  have  two  fixed 
points  or  limits  or  temperature.  These  are  invariably  the  freezing  and  the  boiling 
points  of  water.  To  determine  the  former  of  these,  the  thermometer  is  plunged  into 
a  quantity  of  melting  snow  or  ice  in  small  pieces,  and  when  the  mercury  has  become 
perfectly  stationary,  a  file-mark  is  made  on  the  stem  of  the  instrument  at  the  precise 
height  of  the  column  of  mercury.  If  the  scale  of  Celsius  or  Reaumur  is  employed, 
this  will  be  the  zero  or  0° ;  if  Fahrenheit's  scale  is  adopted,  this  point  will  be  32° ; 
while  if  the  nearly  obsolete  scale  of  Del  isle  is  adopted,  this  point  will  be  150°.  To 
determine  the  upper  fixed  point,  the  thermometer  is  placed  in  a  chamber  full  of 
steam,  which  is  Kept  well  supplied  by  boiling  water  beneath  it  When  the  mercury 
has  become  quite  stationary,  a  file-mark  is  made  on  the  stem  as  before.  It  is  to  be 
here  remarked,  that  the  temperature  of  steam  in  contact  with  water  varies  at  differ- 
ent pressures,  and  allowance  must  be  made  for  this  in  determining  the  upper  fixed 
point  of  a  thermometer.  In  this  country  the  boiling  point  of  water,  as  shown  by 
the  upper  division  of  Fahrenheit's  scale,  is  taken  as  the  temperature  of  steam  in 
London  at  a  pressure  of  29.905  inches  of  mercury,  reduced  to  the  freezing  point  At 
a  pressure  of  29.315  inches  of  mercury  the  temperature  is  211.0°,  while,  if  the  pres- 
sure be  increased  to  30.444  inches  of  mercury,  it  is  212.9°.     (See  also  Ebullition.) 

Having  now  on  the  stem  of  the  thermometer  our  two  fixed  points,  indicating  re- 
spectively the  freezing  and  the  boiling  points  of  water,  it  is  next  necessary  to  grad- 
uate the  instrument.  The  space  between  these  fixed  points  has  been  differently 
divided.  Delisle  called  the  boiling  point  zero  or  0°,  and  the  freezing  point  150°,  but 
this  scale  is  scarcely  employed  except  in  some  parts  of  Russia.  Reaumur  called  the 
freezing  point  zero  and  the  boiling  point  80°,  60  that  he  divided  his  instrument  into 
80  degrees.  This  thermometer  is  much  used  in  Germany.  A  precise  graduation  of 
thermometers  was  first  attempted  by  Celsius,  a  Swede,  about  the  year  1741,  and  he 
took  the  freezing  point  as  his  zero,  and  the  boiling  point  as  100 ;  this  form  of  scale, 
also  called  the  Centigrade,  is  used  throughout  France,  and  to  a  great  extent  in 
other  countries.  It  is  almost  invariably  employed  for  scientific  investigations  in  all 
countries.  Fahrenheit  proposed  his  scale  about  1726 ;  as  the  lowest  attainable  cold 
(as  he  imagined),  he  mixed  pounded  ice  and  salt,  and  took  as  the  zero  of  his  ther- 
mometer the  position  of  the  mercury  column  when  immersed  in  such  a  mixture.  He 
divided  the  space  between  this  and  the  boiling  point  into  212  degrees,  and  the  freezing 
point  of  water  gave  32  of  such  divisions;  thus  tho  space  between  the  freezing  aud 
the  boiling  point  became  212  —  32  =  180  degrees.  Fahrenheit's  scale  is  used  to  a 
great  extent  in  England,  Holland,  and  North  America.  Any  of  these  scales  can  be 
continued  above  the  boiling  point  and  below  the  freezing  point,  by  equal  divisions, 
the  value  of  a  division  having  been  pre-deterrained  by  the  distance  between  the  two 
fixed  points.  It  is  obvious  that  every  scale  must  be  limited  by  the  boiling  and 
freezing  points  of  mercury  in  the  case  of  a  mercurial  thermometer. 

It  is  frequently  necessary  to  convert  degrees  of  one  thermometric  scale  into  those 
of  another,  and  this  is  readily  effected  by  calculation,  Bince  we  have  seen  above  that 
180°  Fahrenheit  correspond  to  100°  Centigrade,  or  80°  Reaumur.    Hence — 

1°  Fahrenheit  =  0.55°  C.  =  0.44°  R. 
1°  Centigrade  =  0.80°  R.  =  1.80°  F. 
1°  Reaumur    =  1.25°  C.  =  2.25°  F. 

We  must  bear  in  mind,  however,  that  the  zero  of  the  Fahrenheit  scale  is  32° 
below  the  freezing  point  of  water,  and  this  must  be  allowed  for  in  the  calculation. 
The  following  are  tne  formulae  necessary  for  each  conversion : — 
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Centigrade  degrees  -t-    5  X  9  +-  32  ■=  Fahrenheit  d 
Keaumar         "         •:-    4x  9  +  32  = 
Fahrenheit     "        —  32  -+-  9  x    6  =  Centigrade 

"  "        —  32  +-9x4  =  Reaumur 

Centigrade      "         +-5x4  =         " 

Reaumur        "        +   4x»  =  Centigrade 
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In  converting  the  degrees  of  other  thermometers  into  degrees  of  Fahrenheit,  we 
most  be  careful  to  distinguish  between  the  actual  value  of  (say)  Centigrade  degrees 
in  Fahrenheit  degrees,  and  the  value  corresponding  to  the  temperature  as  shown  on 
the  Fahrenheit  scale.  Thus,  if  the  temperature  of  one  room  is  7°  C.  higher  than 
that  of  another,  and  we  desire  to  express  this  in  Fahrenheit  degrees,  we  must  not 
employ  the  above  formula.  For  7-=-5x9  +  32=»  44.6°  F.,  and  this  gives  us  the 
number  on  the  Fahrenheit  thermomctric  scale  corresponding  to  7°  on  the  Centigrade 
scale ;  while  we  require  to  know  the  value  of  7°  C.  in  degrees  Fahrenheit.  Now,  1° 
C.  =  1.80°  F.,  hence  7°  C.  =  7  X  1.8°  F.  =  12.6°  P.;or,7  +  5x9  =  12.6°  F., 
which  is  the  difference  in  temperature  between  the  two  rooms  expressed  in  degrees 
Fahrenheit.  But  if  we  change  the  form  of  expression,  and  desire  to  know  the  tem- 
perature of  the  air  at  7°  C,  as  shown  on  the  Fahrenheit  scale,  we  apply  the  above 
formula,  and  find  it  to  be  44.6°  F. 

The  preceding  table  gives  the  conversion  of  Centigrade  degrees  into  their  Reau- 
mur and  Fahrenheit  representatives,  for  temperatures  ranging  between  the  freezing 
point  of  mercury  and  an  approach  to  the  melting  point  of  tin. 

Mercury  expands  with  great  regularity  between  —  36°  F.,  and  212°  F. ;  that  is 
to  say  the  expansion  is  proportional  to  the  amount  of  heat  received,  hence  the  great 
use  of  this  metal  for  thermometers.  Above  212°,  however,  the  expansion  is  less 
regular,  and  the  indications  are  consequently  less  exact.  Mercury  boils  at  660°  FM 
and  thus  effectually  limits  the  scale  in  one  direction,  while  it  freezes  at  about  — 38°  F. 
For  lower  temperatures  an  alcohol  thermometer  must  be  used,  for  alcohol  has  never 
been  frozen. 

There  are  various  forms  of  thermometers,  such  as  the  maximum  thermometers  of 
Rutherford,  Negretti  and  Zambra,  Phillips,  etc.,  aud  the  minimum  thermometers  of 
Rutherford  and  Casella.  These  are  instruments  which  are  self-registering,  and  this 
is  sometimes  effected  by  a  small  index  within  the  thermometer  tube,  which  moves 
with  the  mercury  in  one  direction  and  not  in  the  other,  and  thus  records  the  limits 
of  its  range.  (See  also  Air-thermometer ;  Differential  Thermometer ;  Metallic 
Thermometer;  Pyrometer:  Thermopile.) 

Thermometer,  fennersiey.'s  Electric.  An  instrument  used  for  showing  the  heat 
and  repulsive  force  of  the  electric  spark.  (See  Spark.)  Its  construction  is  the  fol- 
lowing: Into  a  wide  upright  tube  two  knobs  project  through  air-tight  fittings ;  near 
the  bottom  of  the  tube  a  smaller  one  opens  into  it,  and  this  is  turned  vertically  up- 
ward, and  is  left  open  at  the  top.  Both  tubes  are  filled  to  the  same  level  with  water, 
which  does  not  rise  in  the  principal  tube  to  the  level  of  the  lower  ball,  so  that  the 
discharge  between  the  balls  takes  place  through  the  air  in  the  upper  part  of  this  tube. 
As  the  spark  passes,  the  air  is  suddenly  expanded,  and  the  water  is  depressed  in  the 
larger  tube  and  thrown  up  in  the  smaller,  owing  to  the  great  expansive  or  repulsive 
force  exerted  on  the  air  in  its  neighborhood  by  the  spark.  Immediately  the  water 
falls  back,  the  repulsion  lasting  only  a  moment ;  but  it  does  not  take  its  former  level, 
for  the  air  within  the  large  tube  is  expanded  by  heat,  and  the  water  therefore 
depressed  in  that,  and  raised  in  the  smaller  one. 

Thermometer,  Snow  Harris's  Electric.    An  instrument  used  by  the  inventor 

for  determining  the  heating  effects  of  electricity  in  wires  of  different  metals,  but  of 
the  same  length  and  thickness.  The  following  is  a  description  of  the  instrument : 
there  are,  however,  several  modifications  of  it.  A  large  glass  globe  is  pierced  with 
three  holes,  two  of  which  are  diametrically  opposite  to  each  other,  and  the  third 
placed  equatorially  with  respect  to  these.  Through  the  first  two  metal  bars  project 
to  the  interior,  which  are  removable,  but  which  fit  air-tight  when  in  their  places ; 
and  between  the  extremities  of  these  is  stretched  a  spiral  of  the  wire  to  be  tested.  A 
long  tube  is  fastened  on  a  horizontal  board  to  which  a  scale  is  attached,  and  itsj  ends 
are  bent  upwards  at  right  angles  to  the  tube.  One  of  these  ends  fits  air-tight  into 
the  third  opening  in  the  globe,  and  the  other  is  left  open.  Within  the  horizontal 
tube  is  an  index  of  colored  sulphuric  acid  or  mercury.  It  will  be  perceived  that  the 
apparatus  is  simply  an  air  thermometer  with  a  largo  bulb  across  which  the  wires  are 
stretched.  When  the  electric  current  or  discharge  is  passed  through  the  wire,  it 
becomes  heated  in  proportion  to  the  resistance  which  it  offers  to  the  passage  ;  the  air 
is  warmed  and,  expanding,  drives  the  index  along  ;  and  by  the  laws  of  the  expansion 
of  gases  and  of  specific  heat,  it  is  easy  to  determine  what  temperature  the  wire  has 
been  raised  to.  The  account  of  the  instrument,  and  of  the  work  done  with  it,  are 
published  in  the  Phil.  Trans.,  1834. 
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Thenno-Knltiplier.  The  electromotive  force  of  a  thermo-electric  pair  being  ex- 
cessively small,  it  is  necessary,  in  cases  where  it  is  employed  for  estimating  small 
differences  of  temperature,  to  use  a  galvanometer  which  shall  introduce  as  little 
resistance  as  possible  consistent  with  producing  a  sufficient  effect  upon  the  needle. 
Such  a  galvanometer  goes  by  the  name  of  a  thermo-multiplier.  It  is  a  common 
astatic  galvanometer  or  multiplier,  in  which  the  coil  of  wire  is  short  and  thick. 
About  200  turns  of  wire  are  generally  used,  and  of  a  thickness  not  less  than  the  0.04 
of  an  inch. 

Thermopile,  An  instrument  much  used  in  experiments  on  radiant  heat,  or  indeed 
in  almost  any  case  where  an  extremely  small  difference  of  temperature  between  two 
points  is  to  be  determined.  The  principle  of  it  is  given  under  Thermo-electricity, 
and  Battery,  Thermo-electric.  It  consists  of  a  series  of  small  bars,  an  inch  or  so 
long,  of  bismuth  and  antimony  soldered  together  alternately,  and  bent  at  the  junction 
so  that  the  bars  shall  be  parallel,  and  the  alternate  junctions  all  looking  in  the  same 
direction.  ,  Thirty  or  more  such  bars  are  generally  joined  together,  the  couples  being 
insulated  laterally  by  slips  of  varnished  paper,  or  by  gypsum,  and  the  whole  forms  a 
little  cube  held  together  by  a  frame  of  ivory,  which  carries  two  binding  screws  con- 
nected with  the  first  bismuth,  and  the  last  antimony.  When  the  thermopile  is  used 
for  experiments  in  radiant  heat,  it  is  generally  placed  in  the  axis  of  a  double  cone  of 
copper  carefully  covered  with  lampblack  to  prevent  radiation  from  external  objects ; 
and  it  is  always  used  in  connection  with  a  galvanometer  of  small  resistance  called  a 
thermo-multiplier. 

Thick  Plates,  Colors  of.  When  a  ray  of  light  falls  upon  a  thick  piece  of  glass 
with  parallel  faces,  so  that  it  is  reflected  both  from  the  upper  and  under  surface,  the 
waves  interfere  and  produce  color  in  a  similar  manner  to  that  shown  in  the  case  of 
thin  plates  and  grooved  surfaces,  which  see. 

Thin  Plates,  Colors  of.  When  light  falls  upon  an  excessively  thin  plate  of  any 
substance,  such  as  a  soap  bubble  or  a  film  of  air  between  two  glass  plates,  the  waves 
of  light  reflected  from  the  upper  and  under  surfaces  interfere  with  each  other  and  pro- 
duce color.  The  colors  vary  with  the  thickness  of  the  film,  succeeding  each  other  in 
a  certain  order  called  Newton's  scale.  The  color  by  reflected  light  is  always  com- 
plementary to  that  seen  by  transmitted  light.  The  following  thicknesses  of  films  of 
air  are  required  to  produce  certain  colors  expressed  in  millionths  of  an  inch :  Black 
(absence  of  color)  0.5;  blue,  14.0;  orange,  17.2;  bright  red,  18.33;  emerald-green, 
35.29 ;  pale  reddish-white,  77.00.  Greater  thicknesses  than  this  cease  to  produce 
color.     {See  also  Newton's  Scale  of  Colors.) 

Thorinnm.  The  metallic  basis  of  thorina.  A  very  rare  earth  discovered  by  Ber- 
zelius  in  1828.  Atomic  weight,  115.72 ;  Symbol,  Th.  Its  oxide  Thorina  (ThO)  is 
a  white  powder  of  specific  gravity,  9.4.  It  forms  a  series  of  crystallizable  salts  with 
acids. 

Throttle-Valve.    See  Governor. 

Thuban.  (Arabic.)  The  star  a  of  the  constellation  Draco.  This  star  was  once 
much  brighter  than  it  is  at  present.  It  has  been  supposed  that  the  long  sloping 
passage  from  the  northern  face  of  the  great  pyramid  of  Egvpt  was  constructed  for 
the  purpose  of  watching  the  sub-polar  meridional  passages  oi  this  star,  the  polar  star 
(according  to  this  view),  when  the  pyramid  was  built. 

Thunder.  The  sound  which  accompanies  lightning.  It  is  due  to  the  sudden  dis- 
turbance of  the  air  in  the  vicinity  of  the  line  in  which  the  spark  passes.  It  is  gene- 
rally a  long  rolling  sound  rising  and  falling  in  intensity.  The  duration  of  the  thunder- 
peal is  generally  attributed  to  re-echoing  of  the  sound  produced  at  various  places. 

Thunder-Rod.     See  Lightning  Conductor. 

Tick,  Magnetic.     See  Sounds,  Magnetic. 

Tides.  The  rise  and  fall  of  the  waters  of  the  ocean  twice  in  the  course  of  an  inter- 
val of  somewhat  more  than  one  solar  day,  or,  more  exactly,  corresponding  in  length 
to  the  interval  separating  the  moon's  successive  returns  to  the  meridian. 

The  moon  is  the  principal  cause  of  the  tides,  the  height  of  the  wave  raised  by  the 
sun's  action  having,  to  the  height  of  the  lunar  wave,  the  proportion  of  about  2  to  5, 
bo  that  the  height  of  the  lunisolar  wave  varies  between  the  limits  7  and  3. 

It  would  be  quite  impossible  to  compress  into  the  space  at  our  disposal  any  satis- 
factory risume*  of  the  labors  of  Newton,  Whewell,  Lubbock,  Airy,  and  others,  on  the 
subject  of  the  tides.  We  refer  our  readers,  therefore,  to  Airy's  Treatise  on  Tides 
and  Waves  Encyc.  Metrop.,  and  the  paper  on  the  Tides  by  Dr.  Young,  in  the  Ency 
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Brit,  In  what  follows  we  give  merely  a  general  sketch  of  two  somewhat  contra- 
dictory hypotheses,  respecting  the  action  of  the  moon  in  raising  a  tidal  wave. 

If  we  conceive  the  case  of  a  globe  covered  with  an  ocean  of  uniform  depth,  and 
that  a  body  like  the  moon  is  fixed  at  a  given  distance  from  that  globe,  it  is  clear  that 
the  water  nearest  to  that  body,  being  more  attracted  than  the  globe  itself,  will  be 
raised  to  a  higher  level.  But  the  globe  being  more  attracted  than  the  part  of  the 
water  farthest  from  the  body,  that  water  will  be  left,  so  to  speak,  at  a  higher  level. 
Thus  the  originally  spherical  shell  of  water  will  assume  a  prolate  figure,  whose  longer 
axis  passes  through  the  moon.  And  clearly,  if  the  globe  were  slowly  rotating,  the 
axis  of  the  prolate  surface  would  seek  continually  to  direct  itself  towards  the  attract- 
ing  body,  so  that  there  would  be  high  tide  under  that  body,  and  at  the  part  farthest 
from  the  body,  but  the  real  summit  of  the  two  tidal  waves  would  always  lag  some- 
what behind  its  true  place. 

Such  is  one  way  of  presenting  the  moon's  action  on  the  earth.  It  may  be  spoken 
of  as  the  statical  theory  of  tides. 

But,  now,  suppose  the  case  of  a  globe,  not  covered  as  before,  but  with  a  canal  fall 
of  water  round  its  equator,  rotating  rapidly  under  the  attracting  body  (which  sup- 
pose in  the  plane  of  the  globe's  equator).  Then,  conceiving  two  opposite  tidal  waves 
really  to  exist  at  any  moment,  and  to  travel  round  at  the  same  rate  as  the  globe 
rotates,  let  us  consider  the  dynamical  conditions  under  which  these  waves  subsist 
At  the  summit  of  a  wave,  since  the  maximum  elevation  has  been  reached,  water  most 
be  passing  away  as  quickly  as  it  is  arriving.  The  same  is  true  also  of  the  place  of 
lowest  water.  Midway  between  the  summit  of  the  wave,  and  the  place  of  lowest 
water,  we  have  on  one  side  the  place  of  most  rapid  increase  of  level,  and  on 
the  other  the  place  of  most  rapid  fall.  At  the  former  place,  then,  water  must  be 
flowing  in  from  both  sides,  ana  at  the  latter  water  must  be  passing  away  on  both 
sides.  Now  if  we  combine  all  these  motions  we  shall  find  that  they  indicate  attrac- 
tions corresponding  to  those  which  the  moon  would  really  be  exerting  if  there 
were  low  water  directly  under  her,  and  at  a  point  directly  opposite.  So  that  we 
conclude  that  tidal  waves  raised  by  the  moon's  attractions  (operating  precisely  as 
though  the  particles  of  the  water  were  so  many  satellites  travelling  round  the  earth 
under  the  moon's  perturbing  influence)  would  have  their  summits  on  a  line  nearly  at 
right  angles  (instead  of  nearly  coincident  with)  that  of  the  moon. 

This  is  the  dynamical  theory  of  the  tidal  wave.  Its  results  are  discordant  with 
those  of  the  statical  theory.  On  this  account  it  has  rightly  been  said  by  Professor 
Nichol  that  the  problem  is  not  yet  one  for  deductive  science. 

For  further  information  the  reader  is  referred  to  Newton's  Principia,  Lib.  I, 
Prop.  66,  Cor.  19;  Laplace,  MScanique  Celeste.  There  is  an  interesting  paper, 
part  of  which  has  been  summarized  above,  "  On  the  Supposed  Possible  Effect  of 
Friction  in  the  Tides,  in  influencing  the  apparent  acceleration  of  the  Moon's  mean 
motion  in  Longitude,"  by  the  Astronomer  Koyal,  in  the  Monthly  Notices  of  the 
Royal  Astronomical  Society,  vol.  xxvi.  For  a  full  account  of  the  actual  progress 
of  the  tidal  wave,  the  student  is  referred  to  Johnston's  Physical  Atlas. 

Timbre.    See  Color  of  Tones. 

Time.  (Tempus.)  A  definite  moment,  or  a  definite  portion  of  continuous  dura- 
tion. Under  heads  Day,  Month,  Year,  etc.,  will  be  found  an  account  of  the  various 
periods  so  named,  and  the  methods  of  considering  them.  Under  Longitude,  the 
methods  of  determining  the  time  at  any  place,  compared  with  some  fixed  standard 
of  time,  are  dealt  with.  Here  we  shall  merely  define  the  several  modes  of  indicating 
time  or  time-intervals. 

Apparent  Time  ia  time  deduced  from  the  position  of  the  sun  upon  the  heavens. 
A  truly  placed  sun-dial  shows  apparent  time. 

Mean  Time  is  the  time  shown  by  a  well-regulated  clock,  constructed  to  indicate 
equal  intervals  corresponding  to  the  divisions  of  the  mean  solar  day. 

Sidereal  Time  is  the  portion  of  a  sidereal  day  elapsed  since  the  first  point  of 
Aries  last  passed  the  meridian. 

Astronomical  Time  is  the  time  indicated  by  a  clock  set  to  mean  solar  time,  hav- 
ing 24  hour  divisions  instead  of  twelve,  and  pointing  to  24  at  noon.  Let  it  be  remem- 
bered that  the  astronomical  hours  13, 14,  15  .  .  .to  24,  of  any  specified  day  of  the 
month,  signify  the  civil  hours  1,  2,  3,  .  .  .  to  12  A.M.  of  the  next  day  of  the  month. 
Thus  14h.  June  15,  means  2  A.M.  June  16. 

Tin.    A  metallic  element,  known  to  the  ancients  under  the  name  of  Kassiteros 
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(xoffWffXK),  from  the  ancient  name  of  the  British  Isles,  the  Kassiterides,  where  it 
was  obtained.  It  sometimes  occurs  native,  but  more  frequently  in  the  form  of  oxide, 
under  the  name  of  tin  stone,  wood  tin,  steam  tin,  or  kassiterite.  In  the  pure  state 
tin  is  a  brilliant  white  metal  of  very  crystalline  texture,  which  produces  a  peculiar 
crackling  noise  when  bent.  It  is  permanent  in  the  air,  is  very  malleable,  but  only 
slightly  ductile.  Specific  gravity  7.3.  Atomic  weight  118.  Symbol  Sn,  from  its 
Latin  name  Stannum.  It  melts  at  237°  C.  (459°  F.),  and  volatilizes  at  a  white 
heat.  Owing  to  its  permanence  in  the  air,  tin  is  largely  used  as  a  superficial  coating 
for  iron,  in  order  to  prevent  rusting,  Plates  of  this  are  known  in  commerce  as  tin 
plate.  When  tin  plate  or  tinfoil  is  washed  over  with  warm  dilute  aqua  regia,  it  as- 
sumes a  beautiful  superficial  crystalline  appearance,  which  is  sometimes  used  for 
ornamental  purposes  under  the  name  of  moirie  Metallique.  The  principal  com- 
pounds of  tin  are  as  follows : — 

Oxides  of  Tin.  Protoxide  (SnO  in  the  anhydrous  state).  This  is  a  bluish-black 
crystalline  powder  of  specific  gravity  6.6.  Reducing  agents  easily  deoxidize  it  to 
metal,  and  oxidizing  agents  readily  convert  it  to  stannic  oxide.  It  forms  salts  which 
are,  however,  unstable. 

Binoxide  of  Tin  (Sn02)  is  the  principal  ore  of  tin.  It  occurs  native  in  the  form 
of  brownish-yellow  translucent  quadratic  crystals  of  adamantine  lustre,  and  specific 
gravity  6.3  to  7.  It  is  easily  reduced  to  the*  metallic  state  by  ignition  with  reducing 
agents.  This  operation  is  carried  out  on  the  large  scale,  either  in  reverberatory  or 
blast  furnaces.  Binoxide  of  tin  is  prepared  artificially  by  burning  tin  in  the  air,  or 
by  acting  on  it  with  strong  nitric  acid.  This  oxide  acts  as  an  acid,  and  occurs  in 
two  modifications — Stannic  acid  and  Metastannic  acid.  They  unite  with  bases 
forming  crystallizable  salts,  some  of  which  are  used  in  commerce.  The  most  impor- 
tant are  described  under  the  heading  Stannates  (which  see). 

Chloride  of  Tin.  Protoxide  or  stannous  chloride  (SnCl2)  is  formed  when  tin  is 
dissolved  in  hydrochloric  acid,  and  the  product  evaporated  to  dryness,  heated  in  a 
crucible,  and  then  distilled.  It  is  a  grayish-white  translucent  mass,  soluble  in  water, 
melting  at  250°  C.  (482°  F.),  and  boiling  near  redness.  Its  aqueous  solution,  when 
evaporated,  deposits  large  transparent  colorless  crystals  of  hydrated  chloride 
(SnCL.2H20).  It  is  much  used  in  dyeing  and  calico  printing,  under  the  name  of 
tin  salt,  and  is  a  powerful  deoxidizing  agent. 

Stannic  Chloride  (Sn014),  formerly  called  Spiritus  Fumans  Libavii,  is  a  color- 
less liquid  of  specific  gravity  2.2,  strongly  fuming  in  the  air,  boiling  at  112°  0. 
(234°  P.)  It  unites  readily  with  water,  forming  a  soft  buttery  mass  called  butter 
of  tin,  which  is  soluble  in  excess  of  water.  This  salt  is  also  used  in  dyeing  and 
calico  printing,  under  the  old  names  of  "  tin  solution"  or  "  physic." 

Sulphide  of  Tin.  The  disulphide  (SnS2)  is  prepared  in  soft  golden  yellow  span- 
gles of  metallic  lustre,  of  specific  gravity  4.6.  It  is  known  under  the  name  of  Aurum 
Musivum,  or  Mosaic  Gold. 

Tin  Salt.    See  Tin,  Chlorides. 

Tin  Stone.    See  Tin. 

Titanium.  A  metallic  element  discovered  by  Gregor  in  1798;  it  is  scarcely 
known  in  the  metallic  state.  Atomic  weight  50.  Symbol  Ti.  Small  cubical  crys- 
tals of  a  copper  color  and  perfect  metallic  lustre  are  frequently  found  in  the  slag  of 
blast  furnaces.  These  were  for  a  long  time  considered  to  be  metallic  titanium,  but 
Wbhler  (Ann.  Ch.  Pharm.  lxiii.  34)  has  shown  that  they  consist  of  mixed  nitride 
and  cyanide  of  titanium.  The  principal  oxide  of  titanium  is  the  dioxide  (Ti02). 
This  occurs  native  as  Rutile,  Anatase,  and  Brookite.  It  is  of  a  reddish-brown 
color,  very  hard,  and  of  specific  gravity  4.2.  It  much  resembles  silicic  acid,  and 
forms  a  series  of  salts  known  as  titanates.  Artificially  prepared  it  is  a  white  or 
light  brown  amorphous  powder,  insoluble  in  all  acids.  A  compound  of  titanic  acid 
with  iron  is  frequently  met  with  in  nature,  mixed  with  magnetic  oxide  of  iron,  etc., 
under  the  name  of  titaniferous  iron  sand.  In  some  parts  of  the  world,  New  Zea- 
land for  instance,  it  forms  enormous  deposits  on  the  sea-shore.  It  is  now  used  in 
iron-smelting. 

Tolnidine.  An  artificial  organic  alkaloid  of  the  composition  C7H9N,  prepared 
from  toluol — an  oilv  hydro-carbon  extracted  from  coal  tar  of  the  composition  OjH.. 
Tolnidine  is  a  solid  white  crystalline  substance,  easilv  fusible,  boiling  at  205°  0. 
(401°  F.),  and  distilling   unchanged.    It  is  a  homologue  of  aniline,  being  the 
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alkaloid  next  above  it  in  the  series.    It  unites  with  acids  to  form  salts,  which  are 
for  the  most  part  crystallizable. 

Tone,  (*  woj,  sound ;  *ok*>,  to  sound,  from  the  root  of  *««*>,  to  stretch.  L.  tonus 
and  tono.)  An  interval  of  music  (see  Musical  Interval).  Also  the  quality  of  a 
musical  instrument  or  of  a  musical  note. 

Toothed  Gear.  A  mechanical  contrivance  for  transmitting  motion  from  one  part 
of  a  machine  to  another.  It  consists  of  a  series  of  projections  or  teeth  regularly  ar- 
ranged on  straight  cylindrical  or  conical  surfaces  termed  webs.  The  parts  are  so 
arranged  that  the  teeth  of  one  web  act  on  those  of  another.  In  order  that  the  action 
may  be  regular  it  is  indispensably  necessary  that  the  surfaces  of  the  teeth  should 
have  even  and  regular  contact,  so  that  at  every  instant  during  the  motion  of  the 
parts  some  points  in  the  teeth  of  one  part  are  in  contact  with  points  in  the  teeth  of 
the  other.  Moreover,  the  teeth  should,  as  far  as  possible,  roll  and  not  slide  upon 
one  another.  The  circle  midway  between  the  grooves  and  summits  of  the  teeth  of 
a  toothed  wheel  is  termed  the  pitch  circle.  The  motion  transmitted  by  the  contact 
of  the  teeth  is  the  same  as  would  be  produced  by  the  rolling  contact  of  the  pitch 
circles.  To  secure  the  above  requirements  the  curves  which  form  the  outlines  of 
the  teeth  are  usually  parts  of  the  involute  cycloid  or  epicycloid.  The  thickness  of 
the  teeth  varies  according  to  the  strain  transmitted.  When  both  wheels  are  com- 
posed of  the  same  materials  the  teeth  are  of  the  same  size  in  both.  The  intervals 
are  a  little  larger  than  the  teeth  so  as  to  allow  of  freer  motion.  The  pitch  of  the 
teeth  comprises  the  width  of  the  tooth  and  that  of  the  interval,  and  is  measured  on 
the  primitive  or  pitch  circle.  Spur-toothed  wheels  are  such  as  have  parallel  teeth 
lying  on  a  cylindrical  surface  or  web.  When  a  pair  of  spur  wheels  are  in  gear,  their 
axes  are  parallel,  and  the  radii  of  the  pitch  circles  are  proportional  to  the  number 
of  teeth  iu  each.  When  one  is  much  smaller  than  the  other,  the  smaller  is  termed  a 
pinion  and  the  larger  a  spur  wheel. 

A  rack  is  a  straight  bar  having  teeth  on  one  side  made  to  gear  with  teeth  of  a 
right  wheel,  generally  of  small  dimensions,  and  in  this  case  termed  a  pinion.  When 
the  shafts  of  two  wheels  are  inclined,  the  teeth  are  fixed  on  conical  instead  of  cylind- 
rical surfaces,  and  are  then  called  bevel  wheels. 

Topaz.  A  silico  fluoride  of  aluminium  occurring  in  crystals.  Its  hardness  equals 
8.  Specific  gravity  3.4  to  3.65.  Lustre,  vitreous ;  color,  yellow,  white,  green,  or 
blue.  It  is  insoluble  in  acids,  and  infusible  before  the  blow-pipe.  When  of  good 
size  and  color  the  topaz  is  used  as  a  gem,  but  it  is  inferior  in  this  respect  to  the 
oriental  topaz.     (See  Corundum.) 

Topaz,  False.     See  Quartz. 

Topaz,  Oriental.    See  Corundum. 

Tornado.    See  Winds. 

Torricellian  Vacuum.  The  space  above  the  mercurial  column  in  the  barometer 
(q.  v.).  It  is  not  a  perfect  vacuum,  since  a  small  quantity  of  the  vapor  of  mercury 
is  present  in  it. 

Torricelli's  Law.    See  Flow  of  Liquids. 

Torrid  Zone.    See  Climate. 

Torsion  Balance.    See  Balance,  Torsion. 

Total  Eclipse.    See  Eclipse. 

Total  Reflection  of  Light.  See  Reflection  of  LiglU,  Total;  and  Right  Angle 
Prism. 

Toucan.  (The  American  Bird.)  One  of  Bayer's  southern  constellations.  The 
Nubecula  Minor  falls  within  this  constellation.  It  also  includes  an  exceedingly 
rich  cluster  lying  closely  by  the  borders  of  the  Nubecula  Minor  but  not  touching 
that  group. 

Tourmaline,  Optical  Properties  of.  The  tourmaline  occurs  native  in  prismatic 
crystals.  Slices  cut  from  this  crystal  parallel  to  the  axis  have  the  property  of  being 
transparent  to  light  of  one  plane  of  polarization  only.  Slices  of  tourmaline  are  there- 
fore largely  used  in  researches  on  polarized  light.  "(See  Polarization  of  Light ;  Po- 
larizer ;  Analyzer;  Polariscope.) 

Toxicology,  (tofwew,  poison  ;  and  Xoyos,  description.)  That  branch  of  medicine 
which  treats  of  the  action  of  poisons,  or  the  effects  of  excessive  doses  of  deleterious 
substances. 

TradVwind*.    Sec  Winds. 

Transit.     {Transitus,  a  passage.)     In  astronomy,  the  passage  of  a  heavenly 
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body  across  the  meridian  of  a  place.  (See  Transit  Instrument,)  Also  the  passage 
of  one  celestial  body  across  the  face  of  another,  and  specially  the  passage  of  the 
inferior  planets  Venus  and  Mercury  (q.  v.)  across  the  face  of  the  sun. 

Transit  Circle.  A  transit  instrument  (q.  v.),  the  telescope  of  which  is  fixed 
between  two  graduated  circles,  so  that  the  altitude  of  a  star,  as  well  as  the  time  of 
meridian  passage,  may  be  accurately  noted.  One  of  the  finest  transit  circles  in 
existence  is  that  which  was  constructed  at  the  Greenwich  Observatory  in  lbGO, 
under  the  superintendence  of  the  Astronomer-Royal.  The  telescope  is  12  feet  long, 
has  an  object-glass  8  inches  in  aperture.  The  circles  are  6* feet  in  diameter.  (See 
the  works  named  under  Transit  Instrument.) 

Transit  Eye-pieoe.  A  transit  eye-piece  consists  of  a  positive  eye-piece,  having 
a  system  of  cross-wires,  in  its  focus,  one  being  horizontal,  and  five  or  seven  vertical, 
the  point  of  intersection  between  the  horizontal  and  the  central  vertical  wire  being 
in  the  axis  of  the  telescope.  By  adjusting  the  eye-piece,  so  that  the  apparent  mo- 
tion of  a  star  causes  the  latter  to  travel  along  the  horizontal  wire,  and  recording 
the  time  it  passes  over  each  of  the  vertical  wires,  the  exact  moment  that  it  crossed 
the  axis  of  the  instrument  can  be  accurately  calculated.  (See  Transit  Instrument ; 
Eye-piece  ;  Positive  Eye-piece  ;  Micrometer  Eye-piece.) 

Transit  Instrument.  A  telescope  so  constructed  as  to  point  always  to  the  meri- 
dian. It  rotates  therefore  on  a  horizontal  axis,  directed  clue  east  and  west.  The 
instrument  is  employed  to  determine  the  moment  when  a  star  crosses  the  meridian. 
As  it  is  of  the  utmost  importance  that  such  observations  should  be  made  with  ex- 
treme accuracy,  many  contrivances  have  been  adopted  to  make  the  instrument  work 
as  perfectly  as  possible.  What  is  requisite  is  that  the  axis  should  be  perfectly  hori- 
zontal, that  it  should  point  due  east  and  west,  and  that  the  optical  axis  of  the  tele- 
scope should  be  exactly  at  right  angles  to  it.  The  methods  adopted  for  testing  the 
adjustment  of  the  telescope  in  these  respects,  will  be  found  in  Loomis's  Practical 
Astronomy  (a  work  without  which  no  astronomical  library  can  be  regarded  as  com- 
plete), and  Pearson's  Introduction  to  Practical  Astronomy. 

In  observing  a  transit,  the  passage  of  the  star  across  successive  vertical  lines  in 
the  telescopic  field  of  view  (fine  silk  threads,  or  else  threads  from  a  spider's  web  are 
employed)  is  carefully  timed  in  accordance  with  the  beats  of  a  pendulum  vibrating 
in  sidereal  seconds. 

Transition  Tint.  A  peculiar  tint  produced  when  a  plate  of  quartz  3.75  mm. 
thick  is  viewed  in  the  polariscope.  The  color  is  a  pale  purple,  and  it  changes  very 
rapidly  to  red  or  violet,  according  as  the  analyzer  is  turned  one  way  or  the  other. 
It  is  frequently  made  use  of  in  measuring  the  angle  of  rotation  in  liquids  which 
polarize  circularly.     (See  Circular  Polarization  of  Liquids.) 

TransmissibiLLty  of  Forces.  ( Transmittere,  from  trans,  over  or  across,  and 
mittere,  to  send.}  A  principle  in  mechanics,  which  states  that  a  force  may  be  ap- 
plied at  any  point  in  the  line  of  its  direction,  provided  this  point  be  connected 
with  the  first  point  of  application  by  a  rigid  ana  inextensible  straight  line.  For 
example,  if  a  weight  be  attached  by  a  cord  to  a  spring-balance,  the  effect  will  be 
the  same  at  whatever  point  in  the  cord  the  weight  is  tied.  Similarly,  a  force  may 
be  applied  to  a  body,  either  directly,  or  by  the  interposition  of  a  rigid  rod,  ana, 
supposing  the  rod  to  be  supported  independently,  the  result  will  bo  the  same. 
Again,  if  equal  forces  are  supposed  to  be  acting  in  opposite  directions  at  the  ex- 
tremities of  a  string,  the  string  will  be  in  equilibrium,  and  if  we  take  any  point  in 
the  string,  not  an  extremity,  and  transfer  one  of  the  forces  to  it,  the  forces  will  be 
still  in  equilibrium.  Hence  we  may  consider  the  force  applied  to  one  end  to  be 
transmitted  through  the  string,  and  we  may  suppose  two  opposite  forces  at  any  point 
equal  to  the  forces  at  the  extremities.  Either  of  these  is  termed  the  tension  of  the 
string.  Suppose  the  string  to  pass  round  a  smooth  peg,  ring,  or  surface,  in  this  case 
also  the  tension  of  the  string  is  the  same  at  every  point. 

Transmutation  of  Energy.  ( Trans,  and  muto,  to  change.)  The  principle  that 
any  one  of  the  various  forms  of  physical  energy  can  be  converted  into  each  of  the 
others.  The  laws  of  the  transmutation  have  been  definitely  ascertained,  and  per- 
fectly demonstrated  in  many  cases,  and  the  change  in  form  has  been  traced  in  so 
many  others,  as  to  lead  to  an  irresistible  inference  that  one  form  of  energy  cannot 
originate  otherwise  than  by  devolution  from  pre-existing  energy.  We  will  take  in 
illustration  the  order  of  classification  explained  under  Energy.     (See  Energy.) 

Relation  of  the  Kinetic  and  Potential  Energies  of  Visible  Motion.    When  a 
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stone  is  thrown  vertically  upwards  with  a  certain  Telocity,  there  is  given  to  it  at 
the  instant  of  starting,  an  energy,  which  is  measured  in  foot-poands  by  multiplying 
its  weight  by  the  square  of  its  velocity,  and  dividing  the  product  by  twice  toe  ve- 
locity acquired  by  a  falling  bod?  in  a  second  of  time.  Hence  the  energy  of  a  mov- 
ing body,  or  the  quantity  of  work  it  can  perform,  varies  as  the  square  of  its  velocity. 
As  the  velocity  diminishes,  therefore,  the  amount  of  actual  energy  diminishes,  bat 
the  advautage  due  to  position  increases  at  the  same  rate. 

For  instance,  if  a  body  weighing  1  lb.  be  projected  with  a  velocity  which  would 
carry  it  vertically  to  a  height  of  100  feet,  when  it  starts  there  will  be  100  units  of 
work  in  it;  when  it  has  passed  through  60  feet  there  will  be  only  40  units  of 
work  accumulated  in  it  But  the  body  being  60  feet  higher  than  before,  will  have 
gained  an  advantage  of  position,  represented  by  60  units ;  thus  60  units  of  kinetic 
energy  have  been  changed  to  potential  energy,  and  at  any  instant  of  its  flight  its 
kinetic  energy  -+■  its  potential  energy  will  be  equal  to  the  whole  energy  with  which 
it  started. 

Visible  Kinetic  Energy  and  Heat.  Kinetic  energy  of  motion  may  be  trans- 
formed into  heat  On  the  stone's  falling  its  potential  energy  becomes  kinetic. 
When  it  strikes  the  ground  the  kinetic  energy  is  again  transformed.  It  is  not  an- 
nihilated, but  has  become  energy  of  heat  It  has  long  been  known  that  the  actual 
energy  of  a  moving  body  may  be  changed  into  the  molecular  energy  of  heat 
Pieces  of  dry  wood  when  rubbed  together  will  become  so  hot  as  to  ignite ;  the  bor- 
ing tools  of  a  carpenter  become  hot  by  being  used ;  when  a  piece  of  metal  is  rubbed 
vigorously  on  a  rough  surface  it  becomes  too  hot  to  hold.  Again,  when  a  train  in 
motion  is  brought  to  a  standstill  by  applying  a  brake,  the  rails  become  hot,  and 
sparks  are  seen  to  fly  from  the  wheels.  Bullets  shot  at  a  target  frequently  show 
signs  of  fusion  after  impact  In  all  these  cases  the  energy  of  visible  motion  is 
transmuted  into  heat.  The  amount  of  the  one  form  of  energy  which  will  produce 
a  given  amount  of  the  other,  has  been  calculated  by  Joule  and  others.  (See  Me- 
chanical Equivalent  of  Heat.)  If  a  weight  of  1  lb.  be  raised  to  a  height  of  772 
feet,  and  be  let  fall,  on  striking  the  ground  it  will  generate  as  much  heat  as  will 
raise  1  lb.  of  water  1°  F. 

Reversibility  of  Energy.  By  means  of  a  conception  of  Carnot,  a  principle, 
which  may  be  termed  the  reversibility  of  energy,  has  been  established.  If  a  cer- 
tain amount  A  of  one  form  of  energy  produce  an  amount  B  of  another  form,  then 
B  is  the  quantity  of  the  latter  which  is  required  for  the  production  of  an  amount 
A  of  the  former.  If  772  foot-pounds  of  work  must  be  expended  to  raise  a  pound 
of  water  1°,  then  the  heat  which  must  leave  a  pound  of  water  in  order  that  its  tem- 
perature may  be  reduced  1°,  is  capable  of  performing  work  equivalent  to  772  foot- 
pounds. In  the  steam-engine,  the  heat  of  the  burning  coal  is  changed  to  energy 
of  motion,  and  this  is  again  transformed  to  heat  By  Carnot's  principle,  if  an  en- 
gine by  consuming  a  certain  amount  of  heat  does  a  given  quantity  of  work,  by  the 
consumption  of  a  similar  amount  of  work  it  would  restore  to  the  source  the  quantity 
of  heat  taken  from  it 

Visible  Kinetic  Energy  and  Electricity.  Visible  kinetic  energy  is  changed 
into  the  kinetic  energy  of  electricity  by  a  magneto-electric-machine,  and  into  poten- 
tial energy  of  electricity,  when  a  sheet  of  glass  is  made  to  revolve  against  a  surface 
of  silk.  Again,  the  actual  energy  of  electricity  is  transformed  into  the  energy  of 
visible  motion  when  a  piece  of  iron  is  drawn  to  the  poles  of  an  electro-magnet ;  when 
two  wires  conveying  electric  currents  attract  one  another ;  or  when  a  current  is  made 
to  pass  through  a  wire  which  is  near  a  magnetic  needle,  and  the  needle  is  in  conse- 
quence forcibly  deflected  by  the  current. 

Electricity  and  Heat.  Suppose  the  strength  of  a  current  of  electricity  passing 
along  a  wire  to  be  measured  by  its  power  to  deflect  a  magnetic  needle.  Suppose 
the  wire  to  be  of  copper,  ana  the  amount  of  deflection  noted,  and  then  let  the 
copper  be  replaced  by  platinum,  which  offers  a  greater  resistance  to  the  current 
It  will  be  found  that  the  wire  becomes  hot,  and  that  the  needle  is  deflected  through 
a  smaller  angle.  Energy  of  heat  is  here  produced  at  the  expense  of  the  energy 
of  electricity  in  motion.  With  powerful  batteries  all  metals  are  fused,  even  iridium 
and  platinum,  which  are  the  least  fusible.  A  battery  of  30  or  40  Bunsen's  cells 
will  volatilize  fine  wires  of  lead,  tin,  zinc,  copper,  gold,  and  silver.  (See  Current, 
Heating  Effects  of) 

When  a  bar  of  antimony  and  a  bar  of  bismuth  are  soldered  together  at  one  ex- 
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tremity,  and  the  free  ends  united  by  a  copper  wire,  on  the  application  of  heat  a 
current  of  electricity  is  found  to  circulate  through  the  wire,  ana  the  strength  of  the 
current  is  an  exact  and  delicate  measure  of  the  heat  applied.  (See  Thermoelectric 
Pile.)  When  a  crystal  of  tourmaline  changes  temperature,  its  extremities  assume 
opposite  electric  states,  thus  affording  an  example  of  the  change  of  heat  into  the 
potential  energy  of  electric  separation.  The  Voltaic  arc  is  a  brilliant  example  of 
the  conversion  of  electricity  into  the  actual  energy  of  radiant  heat  and  light. 

Chemical  Action  and  Heat,  The  energy  of  chemical  action  or  chemical  separa- 
tion and  heat,  are  mutually  convertible.  A  given  amount  of  chemical  action  pro- 
duces a  definite  amount  of  neat,  and  this  same  quantity  of  heat  is  required  to  reveree 
the  chemical  changes  which  have  produced  it  It 'is  difficult  to  determine  accurately 
the  amount  of  heat  equivalent  to  a  given  amount  of  chemical  action,  chiefly  because 
it  is  very  difficult  to  confine  the  transformation  of  energy  to  these  two  forms  only ; 
nevertheless,  the  relation  between  the  amount  of  heat  evolved  and  the  quantity  of 
chemical  action  has  been  determined  by  several  eminent  physicists,  and  the  differ- 
ences of  the  results  of  the  latest  experiments  lie  within  comparatively  small  limits. 
For-  example,  Romford  calculated  that  1  gramme  of  charcoal  in  combining  with  2} 
grammes  of  oxygen  to  make  carbonic  acid,  would  evolve  heat  sufficient  to  raise  the 
temperature  of  8000  grammes  of  water  1°  C.  Andrews  made  the  quantity  7900 
grammes,  and  Favre  and  Silbermann  8080  grammes.  Hence  the  true  quantity  must 
be  near  8000  grammes.  One  gramme  of  hydrogen  in  combining  with  8  grammes  of 
oxygen  to  form  water,  evolves  heat  sufficient  to  raise  about  34,000  grammes  of  water 
1°  0.  (Andrews,  33,881 ;  Favre,  34,462.)  Similarly,  the  quantities  of  heat  evolved 
in  the  combustion  of  other  elements  have  been  found  with  equal  precision.  (See  Heat 
of  Chemical  Combination.) 

Chemical  Action  and  Electricity.  The  chemical  action  going  on  in  a  Voltaic 
battery  produces  electricity.  What  becomes  of  the  energy  of  electricity  which  is 
constantly  generated  so  long  as  the  chemical  action  continues  ?  The  experiments  of 
M.  Favre  have  completely  answered  this  question.  Just  as  a  definite  amount  of 
carbon,  by  its  union  with  oxygen,  produces  a  determined  quantity  of  heat,  so  the 
consumption  of  a  definite  amount  or  zinc  in  the  battery  produces  a  definite  quantity 
of  electricity,  which  in  its  turn  gives  rise  to  an  invariable  amount  of  heat  When 
the  poles  of  the  battery  are  connected  by  a  very  good  conductor  such  as  a  short  thick 
wire,  the  heat  produced  is  confined  to  the  battery  itself;  but  when  a  less  perfect  con- 
ductor is  used,  heat  manifests  itself  in  the  conductor.  In  this  case  part  of  the  heat 
is  in  the  wire  and  part  in  the  battery,  but  the  whole  amount  of  heat  produced  in  all 
the  parts  of  the  current  by  the  consumption  of  a  given  quantity  of  zinc  is  the  same 
in  this  case  as  in  the  other.  If  the  electric  current  be  used  to  do  other  work,  a  cor- 
responding amount  of  heat  is  withdrawn  from  the  battery. 

Suppose  two  tubes  of  glass,  closed  at  one  end,  to  have  pieces  of  platinum  wire 
fused  into  the  closed  ends,  and  to  be  filled  with  water  and  placed  with  the  open  ends 
under  water  in  the  same  vessel.  Let  the  poles  of  a  battery  be  connected  with  the 
platinum  wires.  The  water  will  be  decomposed,  oxygen  collecting  in  one  tube  and 
hydrogen  in  the  other.  The  amount  of  gas  set  free  in  a  given  time  will  be  propor- 
tional to  the  strength  of  the  current  If  the  battery  be  taken  away,  and  the  ends  of 
platinum  be  connected  by  a  copper  wire,  the  gas  will  soon  disappear,  and  while  it  is 
passing  into  water  a  current  will  be  found  to  circulate  the  wire  in  a  direction  oppo- 
site to  that  which  produced  the  decomposition.  Here  then  electricity  in  motion 
produces  energy  of  chemical  separation,  and  the  latter  again  reproduces  the  former. 

Dissipation  of  Energy.  Although  we  may  definitely  estimate  the  exact  equiv- 
alents of  the  various  forms  of  energy,  we  are  not  always  able  perfectly  to  reverse  a 
given  transmutation.  For  instance  a  given  quantity  of  mechanical  work  will  pro- 
duce an  equivalent  amount  of  heat,  and  if  all  this  heat  could  be  changed  into  me- 
chanical work  the  original  amount  would  be  produced,  but  we  are  never  able  to 
reconvert  all  the  heat  into  work  (see  Heat-Engine).  Energy  which  cannot  be  recon- 
verted to  its  previous  form  is  said  to  be  dissipated.  Dissipation  of  energy  is  con- 
stantly going  on  throughout  the  universe.  Thus,  the  energy  of  the  sun's  rays 
produces  streams  of  water,  winds,  and  currents.  By  its  action  on  plants  it  separates, 
carbon  from  oxygen,  a  process  which  is  reversed  when  wood  is  ignited.  The  moon 
and  the  sun  give  rise  to  tidal  energy.  Through  all  these  channels  energy  is  being 
constantly  dissipated. 

Taking,  therefore,  the  forms  of  energy  as  classified  under  the  article  energy,  we 
42 
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instant,  produces  a  ripple,  and  tilts  the  heavy  mass  of  the  rocker.  Here  we  haves 
direct  conversion  of  heat  into  common  mechanical  motion.  But  the  tilted  rocker 
falls  again  by  gravity,  and  in  its  collision  with  the  block,  restores  almost  the  preeae 
amount  of  heat  which  was  consumed  in  lifting  it  Here  we  have  the  direct  conn*, 
sion  of  common  gravitating  force  into  heat.  Again,  the  rocker  is  surrounded  by  a 
medium  capable  of  being  set  in  motion.  The  air  of  this  room  weighs,  some  tons,  and 
every  particle  of  it  is  shaken  by  the  rocker,  and  every  tympanic  membrane,  and 
every  auditory  nerve  present  is  similarly  shaken.  Thus  we  have  the  conversion  of 
a  portion  of  the  heat  into  sound.  And,  finally,  every  sonorous  vibration  which 
speeds  through  the  air  of  this  room,  and  wastes  itself  upon  the  walls,  seats,  and 
cushions,  is  converted  into  the  form  with  which  the  cycle  of  actions  commenced, 
namely,  into  heat." 

Trialkalamides.    See  Amides. 

Triamides.    See  Amides. 

Triamines.    See  Amides. 

Triangle  of  Forces.  The  principle  is  thus  enunciated :  When  three  forces  act- 
ing on  a  particle  can  be  represented  in  magnitude  and  direction  by  the  three  sides 
of  a  triangle  taken  in  order,  they  will  be  in  equilibrium.  This  is  an  easy  deduction 
from  the  parellelogram  of  forces  (see  Composition  of  Forces) ;  for  if  we  obtain  the 
parallelogram,  of  which  two  adjacent  sides  represent  two  of  the  forces,  and  the  diago- 
nal their  resultant,  we  can  see  that  a  force  equal  and  opposite  to  the  resultant  will 
keep  the  system  in  equilibrium.  This  is  the  precise  effect  given  by  taking  the  sides 
of  the  triangle  in  order.  Thus  the  forces  represented  by  the  sides  of  the  triangle 
ABC,  act  in  a  direction  respectively  from  A  to  B,  from  B  to  0,  and  from  C  to  A 
If  one  be  reversed,  they  no  longer  represent  forces  in  equilibrium.  The  directions 
of  the  forces  are  supposed  to  pass  through  a  point,  and  the  sides  of  the  triangle  to 
be  parallel  to  them. 

The  converse  of  this  proposition  is  also  true.  When  three  forces  acting  on  a 
particle  are  in  equilibrium,  the  sides  of  any  triangle  which  are  parallel  to  the  lines 
of  action  of  the  forces  are  also  proportional  to  the  forces.  Again,  applying  the 
geometrical  principle  that,  if  there  be  two  triangles,  such  that  the  sides  of  one  are 
respectively  perpendicular  to  those  of  the  other,  then  these  sides  are  proportional, 
we  can  further  add  to  the  above  proposition,  that  if  lines  be  drawn  perpendicular  to 
the  direction  of  the  forces,  they  will  be  proportional  to  the  forces. 

From  the  triangle  of  forces  it  follows  that,  when  three  forces  acting  on  a  point, 
and  in  different  directions,  are  in  equilibrium,  the  sum  of  any  two  is  greater  than 
the  third.  The  only  case  where  the  sum  of  any  two  forces  may  be  equal  to  the  third 
is  when  the  triangle  vanishes,  and  the  forces  all  act  in  the  same  straight  line,  the 
first  two  being  opposite  in  direction  to  the  third.    Again,  if  three  forces  in  the  same 

Slane,  not  parallel,  are  in  equilibrium,  their  directions  pass  through  the  same  point 
"or  if  two  meet  in  a  point,  they  may  be  replaced  by  tneir  resultant ;  and  in  order 
that  this  resultant  may  be  in  equilibrium  with  the  third  force,  they  must  act  in  the 
same  straight  line,  and  consequently,  the  line  of  action  of  the  third  force  must  pass  , 
through  the  intersection  of  the  first  two. 

Triangula.  (The  triangles.)  Triangulum  Boreale,  or  the  northern  triangle, 
formed  one  of  Ptolemy's  constellations.  Hevelius,  with  his  accustomed  ingenuity 
in  devising  useless  additions  to  the  celestial  sphere,  formed  the  constellation  Triangu- 
lum Minus.  The  two  triangles  are  now  conveniently  included  in  one  asterism  under 
the  name  Triangula. 

Triangulum.  (Abbreviated  from  Triangulum  Australe,  the  Southern  Tri- 
angle.) X)ne  of  Ptolemy's  southern  constellations.  It  contains  several  conspicuous 
stars,  and  is  an  altogether  finer  constellation  than  the  northern  triangle. 

Triatomio  Alcohols.    See  Alcohols,  Series  of. 

Triohroism.    See  Dichroism. 

Triethyl-Phosphine.  An  organic  phosphorus  base  (see  Phosphorus  Bases) 
formed  from  phosphuretted  hydrogen,  by  replacing  the  three  equivalents  of  hydrogen 
by  ethyl.  Its  composition  is  (OsH5)j,P.  It  is  a  transparent  colorless  liquid,  of  spe- 
cific, gravity  0.812.  It  boils  at  127.5°  C.  (261.5°  F.)  Its  odor  resembles  that  of 
the  hyacinth.  It  unites  with  acids,  etc.  Its  most  remarkable  characteristic  is  the 
delicacy  of  its  reaction  with  disulphide  of  carbon.  When  the  vapor  of  this  compound 
is  allowed  to  fall  upon  a  solution  of  triethyl-phosphine  in  a  watch-glass,  it  soon  be- 
comes covered  with  beautiful  red  crystals,  having  the  composition  2(CsHi),PCSr 


Bo  delicate  b  this  teat,  that  a  solution  of  triethyl-pliosphine  in  alcohol  ma;  be  used 
to  detect  the  presence  of  disulphide  of  carbon  in  coal  gas,  very  few  samples  of  which, 
when  allowed  to  babble  through  the  solution  for  ten  minutes,  fail  to  show  a  red 

Triplet.  A  simple  form  of  microscope  similar  to  Wollaston's  Doublet,  bat  haying 
a  third  lens,  double-convex  and  of  short  focus,  placed  between  the  two  plano-convex 
lenses. 

Txompe.  (Fr.  trombe,  a  trumpet,  a  waterspout.)  An  arrangement  for  produ- 
cing a  blast  by  means  of  a  stream  of  water  falling  through  a  tube.  It  waa  invented 
about  the  middle  of  the  seventeenth  century.  The  earliest  account  of  the  invention 
is  in  a  work  by  Father  Jean  Francois,  published  in  1655,  in  which  there  is  a  section 
entitled  "  Dn  Meslange  dee  Eanx  avec  J  Air  et  d'une  invention  pour  exciter  un  vent 
impctuenx."  Several  modifications  of  the  trompe  have  been  constructed  since  its 
first  invention,  the  main  difference  consisting  in  the  vtay  in  which  air  is  allowed  to 
enter  the  tube.  The  modern  trompe  consists  of  a  large  cistern,  in  which  there  is  a 
constant  depth  of  from  4  to  6  feet  of  water.  From  the  bottom  of  the  cistern  proceed 
two  tubes  from  20  to  30  feet  long,  the  lower  extremities  of  which  pass  into  a  wooden 
wind-chest,  furnished  with  an  arrangement  for  keeping  the  water  at  a  certain  level, 
to  that  no  air  can  escape  except  by  a  blast-pipe  in  the  upper  part  of  the  chest. 
Beneath  the  lower  extremity  of  each  tube  there  is  a  fiat  iron  plate  to  break  the  fall 
of  the  descending  water.  The  upper  part  of  each  tube  is  contracted  at  the  point 
where  it  joins  the  cistern,  and  imme- 


diately beneath  the  contracted  part 
four  holes  are  made  in  the  circumfer- 
ence of  the  tube.  When  water  is  al- 
lowed to  Sow  from  the  cistern  into  the 
air-chwt,  a  quantity  of  air  is  carried 
down  with  it,  and  a  perfectly  regular 
and  constant  current  of  air  issues  from 
the  blast-pipe.  For  the  history  of  the 
trompe,  explanations  of  the  cause  of 
the  descent  of  air  in  different  modifi- 
cations of  the  instrument,  and  an  ac- 
count of  the  most  favorable  conditions 
under  which  air  is  carried  down  by  a 
stream  of  water,  see  Mr.  O.  F.  Rod  well's 
paper  in  the  Philosophical  Magazine 
for  Sept.  1864 

Tropical  Tear.    See  Tear. 

Tropins,  (rpoitq,  a  turning  about.) 
In  astronomy,  the  parallels  of  declina- 
tion through  the  san's  solstices.  (See 
Cancer,  and  Caprieornui.) 

Tungsten.  A  metallic  element 
scarcely  known  in  the  pure  state,  but 
it  appears  to  bo  very  hard  and  infusi- 
ble, and  of  an  iron  gray  color.  Spe- 
cific gravity  17  to  18.  Atomic  weight 
184,  Symbol  W.(from  Wolfram).  The 
only  compound  which  need  be  noticed 
is  the  trioxide  of  tungsten  (WO,). 
This  is  a  lemon  yellow  powder  of  spe- 
cific gravity  5. 27.  It  unites  with  bases 
to  form  salts  called  tungstates.  Of 
these  the  sodium  salt  {Na.O.WO,)  is 
of  some  importance  as  a  mordant  in 
dyeing  and  calico  printing,  and  it  has 
also  been  proposed  for  rendering  tex- 
tile fabrics  uninflammable. 

TnraoiEe.  An  animal  pigment  dis- 
covered by  Professor  Church  in  the 
primary  and  secondary  pinion  feathers 


Fig.  132. 
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of  four  species  of  Touraco  or  Plantain-eater.  It  contains  5.9  per  cent,  of  copper, 
which  cannot  be  removed  without  the  destruction  of  the  coloring  matter  itself.  The 
spectrum  of  Turacine  shows  two  black  absorption  bands.    (See  PkiL  Trams.,  1869.) 

Turbine.  ( Turbo,  anything  which  revolves.)  (Fig.  132.)  A  horizontal  water- 
wheel,  with  inclined  vanes  attached  to  the  spokes,  so  as  to  form  portions  of  the  sur- 
face of  a  screw,  like  the  sails  of  a  windmill.  A  stream  of  water  descends  on  the 
wheel,  passes  through  it,  and  causes  it  to  revolve. 

In  1849  Mr.  Ruthven  patented  a  turbine  screw  for  steamships,  which  has  been 
tried  with  some  success  in  the  iron-clad  gun-boat  Waterwitch.  (See  also  Water 
wheels.) 

Turbith  Mineral.    Sec  Sulphates  ;  Mercury. 

Turpentine,  Oil  of.  A  volatile  spirit  of  the  composition  (C10H16),  extracted  by 
distillation  from  the  viscid  resin  exuding  from  coniferous  trees,  its  specific  gravity 
is  about  0.86,  and  its  boiling  point  about  170°  C.  (338°  F.),  but  this  varies  in  dif- 
ferent samples.  It  is  a  colorless  mobile  liquid  of  a  peculiar  strong  odor,  insoluble  in 
water,  and  much  used  as  a  solvent  for  many  gums  and  resins. 

Twilight.  The  light  which  continues  after  the  sun  has  set  It  is  due  to  the  fact 
that  the  sun  illuminates  part  of  the  atmosphere  above  the  horizon-plane  of  the  ob- 
server, some  time  after  he  has  set.  Under  the  head  Atmosphere  will  be  found  some 
remarks  on  the  height  of  the  atmosphere  as  deduced  from  the  duration  of  twilight 
It  is  usually  considered  that  twilignt  lasts  until  the  sun  is  about  18°  below  the 
horizon.  Twilight,  therefore,  lasts  longer  in  high  than  in  low  latitudes,  because  in 
the  former  the  sun's  path  is  inclined  at  a  smaller  angle  to  the  horizon,  so  that  he  has 
to  traverse  a  longer  arc  before  his  vertical  depression  below  the  horizon  is  so  much 
as  18°.  In  summer,  in  latitudes  higher  than  48£°,  there  is  no  real  night,  because 
the  sun's  midnight  depression  below  the  horizon  being  in  spring  the  complement  of 
the  latitude,  and  in  summer  23£  degrees  less,  is  for  such  latitudes  less  at  midsummer 
than  18°. 

Tychonic  System.  The  system  by  which  Tycho  Brahe  endeavored  to  account 
for  the  motions  of  the  sun,  moon,  and  planets.  He  supposed  that  all  the  planets 
circle  round  the  sun,  but  that  the  sun  and  moon  circle  round  the  earth. 

Types,  Multiple  and  Mixed.    According  to  Dr.  Odling :— 


5«£« 

H4Of 
H.N, 

H3C1, 

«.o, 

H.N, 

Bichloride. 
Dibydraie. 
Dlamide. 

Trichloride. 
Tri  hydrate. 
Triamide. 

S"Clf 

BWC1, 

B'"HaO. 

B'^N, 

Zn"Cl, 

Zq"H.O, 

Zu'^N, 

8V»C1, 

8b"'H,0. 

Sb/"H,N, 

Etn'Cl, 

Ktn'H.O. 

Etn"H43, 

Gly^Cl. 

Gly"'H,Ot 

Gly"'H€X, 

;hci 

H.O 
HCl 
H.N 
,H3N 
H,0 

Chlorid-hydrate. 

Chlorid-amide. 

Hydrat-amide. 

(SO,)" )  CI 
H        \0 

(SO,)")  CI 
H,      \JX 

(SO,)")* 
H,      {0 

Typhoon.    See  Winds. 


U 


TJlmie  Acid.    See  Humic  Acid. 

TJlmin  Acid.    See  Humic  Acid. 

Ultra-Red.  Bays.    See  Obscure  Heat ;  Calorescence. 

Ultra-Violet  Kays.     See  Actinism. 

Umbra.    See  Eclipse  and  Penumbra. 

Unannealed  Glass,  Donble  Refraction  of.  Pieces  of  unannealed  glass  cut  and 
polished  to  the  shape  of  cubes,  disks,  triaugles,  etc.,  are  frequently  used  for  exhibit- 
ing the  phenomena  of  colored  polarization.  The  state  of  tension  in  which  the  par- 
ticles are  kept  renders  the  glass  double  refracting,  and  when  examined  in  the  polari- 
scope  a  brilliant  colored  pattern  and  a  black  or  white  cross  are  seen.  (See 
Polarization  of  Light.) 
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Undulatory  Theory  of  Light.  The  theory  of  light  generally  adopted  at  the 
present  day.  It  presupposes  the  existence  of  a  universal  ethereal  medium  infinitely 
elastic  and  subtle  pervading  all  space.  The  sensation  of  light  is  occasioned  by  rapid 
oscillations,  vibrations,  or  waves  in  this  imponderable  ether.  A  luminous  body,  a 
candle,  for  instance,  is  supposed  to  be  capable  of  exciting  these  vibrations,  which  are 
thence  transmitted  in  all  directions  in  straight  lines  with  a  velocity  of  about  192,000 
miles  per  second.  The  analogy  which  exists  between  the  phenomena  of  light  and 
sound,  as  well  as  the  remarkable  concordance  between  the  observed  phenomena  of 
light  and  those  predicted  by  mathematical  investigation,  render  it  in  the  highest 
degree  probable  that  the  undulatory  theory  of  light  is  very  near  the  true  one. 

Sir  John  Herschel  gives  the  following  table  of  the  number  of  waves  comprised 
within  the  space  of  an  inch,  constituting  differently  colored  lights ;  also  the  number 
of  each  which  strike  upon  an  object,  the  eye,  for  instance,  in  one  second  of  time : — 


Colors  of  the 

Number  of  Undulation* 

Number  of  Undulation* 

Spectrum. 

In  an  Inch. 

in  a  second. 

Extreme  red 

.    37640 

458,000000,000000 

Red   . 

.    39180 

477,000000,000000 

Intermediate 

.    40720 

495,000000,000000 

Orange 

.    41610 

506,000000,000000 

Intermediate 

.    42510 

517,000000,000000 

Yellow 

.    44000 

535,000000,000000 

Intermediate 

.    45600 

555,000000,000000 

Green 

.    47460 

577,000000,000000 

Intermediate 

.    49320 

600,000000,000000 

Blue  . 

.    51110 

622,000000,000000 

Intermediate 

.     52910 

644,000000,000000 

Indigo 

.    54070 

658.000000,000000 

Intermediate 

.     55240 

672.000000,000000 

Violet 

.    57490 

699,000000.000000 

Extreme  violet  . 

.    59750 

727,000000,000000 

Uniaxial  Crystals.    See  Crystals,  Optic  Axis  of. 

Unison.  ( Unus,  one  ;  and  sonus,  sound.)  In  music  an  accordance  or  coincidence 
of  sounds  proceeding  from  an  equality  in  the  number  of  vibrations  per  second  of  the 
bodies  producing  them,  as  in  the  notes  produced  by  two  strings  of  the  same  length, 
thickness,  and  tension. 

Unit  Magnetic  Pole,  Definition.  A  unit  magnetic  pole,  when  placed  at  unit 
of  distance  from  an  equal  and  similar  pole,  repels  it  with  unit  of  force. 

In  electrical  and  magnetic  measurements  the  metrical  system  of  length,  mass,  etc., 
is  now  employed  by  the  most  accurate  writers,  and  by  the  best  electricians.  Ac- 
cording to  this  system,  the  particularized  definition  of  a  unit  magnetic  pole  stands 
thus :  a  unit  magnetic  pole  when  placed  at  a  distance  of  one  centimetre  (0.3937 
inches)  from  an  equal  and  similar  pole  repels  it  with  a  force  which,  if  applied  to  a 
mass  of  one  gramme  (15.43  grains)  for  one  second  would  generate  in  it  a  velocity  of 
one  centimetre  per  second. 

Unit  of  Heat.  As  thermometers  (although  literally  measurers)  only  indicate 
relative  quantities  of  heat,  it  is  necessary  in  all  cases  in  which  we  desire  to  measure  an 
absolute  amount  of  heat,  to  adopt  some  definite  and  fixed  quantity,  some  standard 
or  unit  in  terms  of  which  we  can  express  any  other  quantities  wo  may  desire  to 
notify.  The  unit  of  heat  generally  adopted  in  this  country  is  the  amount  of  heat 
competent  to  raise  one  pound  of  water  through  1°  of  Fahrenheit's  scale.  The  weight 
is  avoirdupois,  and  the  water  is  weighed  in  vacuo  at  a  temperature  between  55°  and 
60°  F.  Sometimes  the  quantity  of  heat  necessary  to  raise  1  lb.  of  water  from  0°  to 
1°  Centigrade  is  taken  as  a  unit,  while  on  the  continent  the  unit  or  calorie  is  the 
quantity  of  heat  necessary  to  raise  1  kilogramme  of  water  from  0°  to  1°  C.  The 
former  of  these  is  readily  converted  into  the  latter,  for  1  calorie  is  equal  to  2.2  of  the 
unit  in  which  1  lb.  and  1°  C.  are  the  terms,  while  this  latter  is  equal  to  0.45  calorie. 

Units,  Electrical.  The  units  now  generally  employed  in  electrical  measurements 
are  those  decided  on  by  the  committee  appointed  by  the  British  Association  for  the 
Advancement  of  Science,  to  consider  the  standards  of  electrical  resistance.  It  ap- 
peared to  the  committee  that  the  only  system  consistent  with  our  present  knowledge 
of  the  relations  existing  between  electrical,  magnetic,  thermal,  and  chemical  pheno- 


664  UNITS. 

■ 

mena,  and  of  their  connection  with  the  fundamental  units  of  time,  space,  and  mass, 
is  that  known  as  the  "  absolute  "  system,  in  which  the  units  employed  are  directly 
derived  from  those  fundamental  units.  There  are  four  electrical  elements  capable 
of  measurement,  strength  of  the  current,  electro-motive  force,  resistance,  and  quan- 
tity; aud,  taking  into  consideration  the  work  done  by  the  current,  the  units  are 
defined  so  as  to  satisfy  the  following  relations  which  have  been  shown  to  be  possible 
by  the  researches  of  Weber,  Thomson,  aud  Helmholtz.  "  The  unit  current  conveys 
a  unit  quantity  of  electricity  through  the  circuit  in  a  unit  of  time.  The  unit  current 
in  a  conductor  of  unit  resistance,  produces  an  effect  equivalent  to  the  unit  of  work 
in  the  unit  of  time.  The  unit  current  will  be  produced  in  a  circuit  of  unit  resistance 
by  the  unit  electro-motive  force."  There  is  one  more  condition  added,  which  is  one 
or  other  of  the  following:  "  The  unit  current,  flowing  through  a  conductor  of  unit 
length,  will  exert  the  unit  force  on  a  unit  magnetic  pole  at  a  unit  distance,"  or  "  the 
unit  quantity  of  electricity  will  repel  a  similar  quantity  at  the  unit  distance  with  a 
unit  force."  Each  of  these,  satisfying  also  one  or  other  of  the  last  conditions  is  a 
consistent  system ;  one  is  founded  on  the  estimation  of  electric  quantities  by  electro- 
magnetic, the  other  by  electrostatic  effects.  When  the  unit  of  electric  resistance  is 
decided  on,  the  magnitudes  of  the  units  in  the  two  systems  are  determined.  These 
magnitudes  are  not  the  same,  but  they  bear  to  each  other  a  fixed  relation  which  has 
been  determined.  The  following  is  the  way  in  which  the  unit  of  resistance  is  de- 
fined. 

When  a  wire  is  moved  across  the  lines  of  magnetic  force  a  current  is  generated  in 
it  whose  strength,  other  things  remaining  the  same,  is  proportional  to  the  number  of 
lines  cut  in  a  given  time.  Suppose  that  a  rod  one  metre  lonjr  were  caused  to  slide 
upon  two  conducting  rails  in  connection  with  the  earth,  placed  in  such  a  position  that 
the  rod  in  its  motion  upon  the  rails  cuts  the  horizontal  tines  of  the  earth's  magnetic 
force  at  right  angles,  and  let  the  whole  resistance  of  the  circuit  thus  formed  be  by 
some  means  kept  constant  for  every  position  of  the  slider.  If  the  slider  be  moved 
along  with  a  fixed  velocity  a  current  whose  strength  depends  upon  the  electric  resist- 
ance in  the  circuit  will  be  generated.  Hence  also  the  resistance  of  a  circuit  is  pro- 
portional to  the  velocity  with  which  a  slider  of  unit  length  must  move  across  a 
magnetic  field  of  unit  intensity  in  order  to  generate  a  unit  current  in  the  circuit.  The 
unit  of  electric  resistance,  then,  is  defined  to  be  that  in  which  a  slider  of  one  metre 
length  moving  with  a  velocity  of  10  X  106  (ten  million)  metres  per  second  across  the 
line  of  force  in  a  magnetic  field  of  unit  intensity  would  generate  unit  current. 

To  perform  the  experiment  just  indicated  would  be  scarcely  possible,  but  by  a 
method  suggested  by  Thomson,  and  used  experimentally  by  Messrs.  Maxwell,  Balfour, 
Stewart,  and  Jenkin,  the  resistance  of  various  wires  have  been  determined  in  terms 
of  this  absolute  unit  of  resistance,  and  coils  have  been  constructed  whose  resistance 
in  terms  of  it  is  accurately  known,  and  copies  of  the  absolute  unit  carefully  con- 
structed by  comparison  with  them  are  furnished  through  the  British  Association. 

For  further  details  on  this  subject,  and  for  the  proof  of  the  fundamental  proposi- 
tions which  we  have  referred  to  above,  the  reader  may  consult  the  reports  of  the 
committee  to  the  British  Association  from  year  to  year  since  1862,  and  especially 
that  of  1863,  of  which  the  above  is  a  very  brief  abstract. 

The  following  table  gives  a  comparison  of  the  various  units  that  have  been  pro- 
posed for  measuring  electrical  resistances,  in  terms  of  the  British  Association,  or 
absolute  unit,  the  ohmad  as  it  is  sometimes  called : — 

B.  A.  UnlU. 

B.  A.  unit  or  ohmad.     A  velocity  of  107  metres  per  second    .  1.00 

Absolute— —  X  107  electro-magnetic  units  (new  determination),     0.3048 
second 

Thomson's  unit.     Absolute -^-r  X  107  electro-magnetic  units 

second  \,      0.3202 

(old  determination) 


its) 


Jacobi's  unit.  25  feet  of  a  certain  copper  wire  weighing  845  grains,      0.636? 

Weber's  unit.    Absolute— — -      x  107  electro-magnetic  units  , 

second  b  V      0.9191 


(1862) 

emens's 

metre  section  at  0°  C.  (1864"  issue) 


iits) 


Siemens's  unit.    One  metre  of  pure  mercury.    One  square  milli- )       0.9563 

•        •        •        •      i 
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B.  A.  Units. 

Digney's  unity.  1  kilometre  of  iron  wire,  4  mm.  in  diameter. )  9.266 
Temperature  not  known. j 

Varley's  unit.  One  standard  English  mile  of  one  special  copper )  25.61 
wire  ^  in  diameter   .        .        .        ...        .        .  f 

Matthiessen's  unit.  One  standard  English  mile  of  pure  annealed )  18.59 
copper  wire  xl§  in  diameter,  at  15°.5  0 j 

Unukalhal.    (Arabic.)    The  star  a  of  the  constellation  Taurus. 

Upward  Pressure  Of  liquids.  If  a  cylinder  open  at  both  ends  be  immersed  in 
a  vertical  position  in  a  liquid,  with  its  upper  end  above  the  liquid's  surface,  the 
equilibrium  of  the  liquid  will  not  be  disturbed ;  nor  will  any  change  take  place  if  the 
lower  end  be  closed  by  a  thin  plate.  That  plate,  however,  must  be  pressed  down- 
wards by  the  weight  of  the  cylindrical  column  of  water  above  it,  therefore  it  must  be 
pressed  upwards  by  an  equal  force.  If,  when  the  plate  is  on  the  bottom  of  the 
cylinder  tne  liquid  in  the  cylinder  is  withdrawn,  one  ot  these  counteracting  forces  is 
removed,  and  the  remaining  or  upward  force  presses  the  plate  on  to  the  cylinder  with 
a  force  equal  to  the  weight  of  the  liquid  which  was  in  the  cylinder.  Or  in  general 
terms,  the  upward  pressure  on  the  bottom  of  a  horizontal  surface  immersed  in  a  liquid 
is  equal  to  the  weight  of  a  column  of  liauid  having  that  surface  for  a  base,  and  the 
vertical  distance  of  immersion  for  a  height  The  loss  of  weight  which  a  body  expe- 
riences when  plunged  into  a  liquid  may  be  deduced  from  this  consideration,  if  a 
solid  circular  cylinder,  with  horizontal  ends,  be  immersed  in  a  liauid,  every  unit  of 
superficial  area  will  receive  pressure  proportional  to  its  depth.  (See  Lateral  Press- 
ure.) It  is  clear  that  for  every  horizontal  pressure  acting  on  a  unit  of  surface  on 
the  round  sides  of  the  cylinder,  there  is  an  equal  and  opposite  one  on  the  other  side 
of  the  cylinder.  Each  such  pair  will  be  at  rest,  and  merely  tend  to  crush  the  cylin- 
der. On  the  top  surface  of  the  cylinder  there  will  be  a  downward  pressure  eaual  to 
the  weight  of  the  cylindrical  column  of  water  above  it.  On  the  bottom  of  tne  cyl- 
inder there  will  be  an  upward  pressure,  equal  to  the  weight  of  a  column  of  water, 
reaching  from  the  top  or  the  liquid  to  the  bottom  of  the  cylinder.  These  two  col- 
umns have  equal  bases,  and  their  pressures  are  therefore  proportional  to  their  heights. 
Their  resultant  is  equal  to  their  difference.  In  other  words,  the  net  upward  pressure 
is  the  difference  in  weight  between  two  columns  of  liquid,  whose  difference  in  length 
is  the  height  of  the  cylinder.  Clearly,  therefore,  the  cylinder  is  pressed  upwards  by 
a  force  equal  to  the  weight  of  a  volume  of  water  equal  to  the  volume  of  the  cylinder. 
(Compare  Displacement.) 

Uranium.  A  metallic  element  not  well  known  in  the  pure  state.  It  is  hard,  and 
of  an  iron  color,  somewhat  malleable.  Specific  gravity,  18.4.  Atomic  weight,  120. 
Symbol,  U.  The  only  compounds  which  need  be  mentioned  here  are  uranic  oxide 
(U203),  a  yellow  powder  which  unites  with  bases,  forming  salts  called  uranates. 
Uranate  of  ammonia  is  of  a  fine  deep  yellow  color,  slightly  soluble  in  water.  It 
is  used  as  a  pigment  under  the  name  of  uranium  yellow.     Uranate  of  sodium 

iNa,0.2U203)  is  a  yellow  crystalline  salt,  almost  insoluble  in  water.    It  is  much  used 
or  staining  glass  and  porcelain,  to  which  it  communicates  a  beautiful  canary  color. 
Glass  colored  with  uranium  is  very  fluorescent    (See  Fluorescence.) 

Uranus.  The  seventh  planet  in  order  of  distance  from  the  sun,  and  the  outermost 
but  one  of  all  the  members  of  the  planetary  system.  Uranus  travels  at  a  mean 
distance  of  1,753,869,000  miles  from  the  sun,  his  greatest  distance  being  1,835,561,000, 
his  least,  1,672,177,000  miles.  Since  the  earth's  mean  distance  from  the  sun  is 
91,430.000  miles,  the  distance  of  Uranus  from  us  varies  from  about  1,927,000,000  to 
about  1,581,000,000  miles.  The  eccentricity  of  the  orbit  of  Uranus  is  considerable, 
amounting  to  0.046,578 ;  in  fact,  the  centre  of  his  orbit  lies  outside  the  orbit  of 
Venus,  and  nearer  to  the  orbit  of  the  earth.  The  inclination  of  his  orbit  to  the 
equator  is  very  small,  amounting  to  but  46|  minutes.  Although  far  inferior  both  to 
Saturn  and  Jupiter  in  mass  and  volume,  he  far  exceeds  the  earth  in  both  respects. 
His  equatorial  diameter  is  estimated  at  33,250  miles,  though,  in  the  case  of  a  planet 
situated  at  so  enormous  a  distance  from  the  sun,  considerable  doubt  must  needs  exist 
as  to  the  exact  value.  His  polar  diameter  is  doubtless  considerably  less,  but  the 
extent  of  the  compression  of  Uranus  has  not  been  determined.  His  volume  exceeds 
the  earth's  about  74  times ;  but  his  density  being  but  0.17  (the  earth's  as  1),  his  mass 
barely  outweighs  the  earth's  12$  times.    It  has  been  asserted  that  he  rotates  on  his 
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axis  once  in  about  9$  hours ;  bat  Terr  little  reliance  can  be  placed  on  this  statement, 
since  even  in  the  moat  powerful  telescope*  bis  disk  presents  an  almost  uniform 
appearance. 

Uranus  was  discovered  by  Bit  William  Herachel  on  March  13,  178L  At  first, 
owing  to  its  mint  light,  he  regarded  it  as  a  comet;  bat  when  mathematicians 
attempted  to  calculate  its  orbit,  on  the  usual  assumption  made  in  that  day  with 
respect  to  comets,  viz.,  that  the  path  was  parabolic,  unexpected  difficulties  were 
found,  and  Lexell  suspected  at  length  that  the  supposed  comet  was  a  planet,  moving 
in  an  elliptic  orbit  of  small  eccentricity  around  the  snn.  This  was  foond  to  be  the 
case.  Farther,  on  carefully  calculating  the  path  or  the  planet  retrogressive!  t,  it 
was  found  that  it  had  been  observed  before,  and  recorded  as  a  fixed  star  by  Flam- 
steed,  Bradley,  Lemonnifere,  and  Mayer.  Lemooniere,  indeed,  had  observed  it  twelve 
different  times,  and  only  tailed  to  recognize  its  planetary  nature  through  the  careless 
and  inexact  manner  in  which  he  recorded  his  observations.  For  instance,  one  obser- 
vation of  this  very  planet  was  entered  by  Lemonniere  on  a  crumpled  paper  bag  which 
bad  once  contained  hair-powder. 

Sir  William  Herscbel  proposed  that  the  planet  should  be  called  Georgium  St'dtu, 
in  honor  of  George  III,  Less  objectionable  by  far  was  the  name  given  by  foreign 
astronomers,  who  called  it  Herschel.  But,  for  obvious  reasons,  the  name  by  which 
it  is  actually  known  is  preferable  to  either. 

Uranus  has  four  recognized  satellites,  bat  many  suppose  there  are  at  least  eight, 
since  Sir  William  Herachel  records  the  discovery  of  six.  and  two  of  those  at  present 
recognized  are  not  identifiable  with  any  of  those  six.     Mr.  Lassel  is  confident,  how- 
ever, that,  with  the  telescopic  power  employed  by  Herachel,  no  satellite  coold  have 
been  discovered,  which  Hr.  Lassel's  four-feet  reflec- 
tor would  not  have  revealed  nnder  the  careful  scru- 
tiny to  which,  with  its  aid,  the  neighborhood  of 
Uranus  has  been  subjected. 

An  important  part  of  the  history  of  Uranns  is 
that  which  is  associated  with  the  discovery  of  Nep- 
tune.   (See  Neptune.) 

Urea.  A  normal  constituent  of  urine.  Formula, 
COH,Nr  It  is  the  last  term  in  the  series  of  the 
products  of  oxidation  of  the  nitrogenous  tissues. 
The  quantity  depends  on  the  food  consumed,  and 
is  connected  with  the  amount  of  labor  undergone. 
It  may  be  produced  artificially  by  evaporating 
down  cyanate  of  ammonia,  with  which  it  is  identi- 
cal in  composition,  or  it  may  be  readily  prepared 
from  urine  by  dialysis.  (See  Dialysis.)  It  crys- 
tallizes in  long  flattened  prisms  (Fig.  133).  It  is 
very  soluble  in  water  and  alcohol.  When  heated,  it  melts,  and  then  decomposes.  It 
forms  salts  with  acids,  the  most  characteristic  being  the  nitrate  and  oxalate,  which 
crystallize  readily.     (Sec  Animal  Nutrition;  Food,  Function*  of.) 


Fig.  133. 


Fig.  134. 


Fig.  135. 


Uric  Acid;  or,  lAthie  Acid.    An  important  acid  (Figs.  134, 135)  normally  occur, 
ring  in  urine  and  other  secretions.    It  is  a  product  of  the  incomplete  oxidation  of 


Pseudo-uric  acid. 
Uroxanic  acid. 
Alloxan. 
Alloxanic  acid. 
Alloxantin. 
Barbituric  acid. 
Broraobarbituric  acid. 
Dibromobarbituric  acid. 
Yoluric  acid. 
Dilituric  acid. 
(Yiolantin. 
Dialuric  acid. 
Uramil. 
Thionuric  acid. 

(See  Animal  Nutrition;  Food,  Functions  of.) 

of  the 
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nitrogenous  tissue.  Formula,  06NiHiOs.  In  combination  with  ammonia,  it  is  the 
principal  urinary  constituent  of  serpents  and  other  land  reptiles,  insects,  and  birds, 
and  is  one  of  the  constituents  of  guano.  Uric  acid  is  remarkable  for  the  number  and 
importance  of  its  products  of  decomposition.  The  following  is  a  list  taken  from 
Watt1 8  Dictionary,  vol.  v.  p.  957,  of  its  principal  products  of  decomposition : — 

Hydurilic  acid. 
Allanton. 
Glycoluril. 
Mycomelic  acid. 
Oxaluric  acid. 
Allanturic  acid. 
Hydantoin. 
Hydantoic  acid. 
Allituric  acid. 
Leucoturic  acid. 
Parabanic  acid. 
Dibarbituric  acid. 
Murixide. 
Mesoxalic  acid. 

tlrsa  Major.  (The  Greater  Bear.)  One  of'tne  finest  of  the  northern  constella- 
tions. Seven  6tare  belonging  to  this  constellation  have  long  been  popularly  recog- 
nised as  Charles's  Wain  (a  corruption  from  Ceorle's  Wain,  the  countryman's  wagon). 
This  group  has  also  been  known  as  the  Butcher's  Cleaver.  Aratus  mentions  that 
the  Greek  sailors  were  in  the  habit  of  directing  their  course  by  this  constellation,  on 
account  of  its  proximity  to  the  pole,  until  the  Phenicians  taught  them  to  observe  in 

E reference  the  stars  forming  the  constellation  Ursa  Minor.  There  are  many  remarka- 
le  double  stars  and  nebulae  within  the  limits  of  this  constellation.  Dubhe,  or  Alpha 
Ursae  Majoris,  is  variable ;  while  the  star  Delta  would  seem  to  have  lost  a  large  pro- 
portion of  its  brilliancy  during  the  last  few  centuries,  since  of  old  the  equality  of  "  the 
seven  stars"  was  one  of  the  most  remarkable  characteristics  of  the  system. 

Ursa  Minor.  (The  Lesser  Bear.)  One  of  Ptolemy's  northern  constellations.  It 
is  distinguished  as  including  the  second  magnitude  star  Polaris,  the  northern  pole 
star.  This  constellation  was  the  Cynosura  of  the  ancients,  a  name  not  readily  ex- 
plicable, unless  it  be  supposed  that  the  ancients  traced  some  resemblance  between 
the  group  formed  by  the  stars  4, 5,  j3,  and  y  of  this  constellation,  and  the  tail  of  a  dog 
(xvcoy,  a  dog;  ovpa,  a  tail).  The  star  Polaris  is  double,  the  companion  being  a  well- 
known  test  of  the  light-gathering  power  of  a  telescope.  In  the  great  Rosse  telescope, 
however,  this  star  shines  like  Sirius.  For  unknown  reasons  a  very  small  star  close 
by  the  north  pole  has  been  called  Blucher. 


V 

Vacuum  Tubes,  known  also  under  the  names  of  GassioVs  Tubes  and  Geissler's 
Tubes.  Mr.  Gassiot,  in  examining  the  discharge  of  electricity  through  a  vacuum 
(see  Electric  Egg),  proposed  to  do  away  with  the  incumbrance  of  an  air  pump  by 
sealing  hermetically  tubes  exhausted  to  any  required  degree,  platinum  wires  being 
passed  through  their  sides  and  fused  into  the  glass.  Geissler,  of  Bonn,  took  up  the 
idea,  and  under  the  advice  of  M.  Pliicker,  and  with  his  assistance,  produced  tubes 
containing  gases  of  all  sorts,  at  all  stages  of  rarefaction,  and  of  the  most  varied  shape 
and  construction.  These  tubes,  apart  from  their  high  philosophical  interest,  form  some 
of  the  most  beautiful  luminous  objects  possible  to  imagine.  The  general  phenomena 
arc  described  under  Electric  Egg.  The  discharge  from  an  induction  coil,  being  passed 
through  a  vacuous  space,  gives  rise  to  magnificent  colored  light,  filling  the  whole 
space,  and  arranging  itself  in  alternate  beds  of  light  and  darkness,  lenticular  shaped, 
and  lying  in  planes  at  right  angles  to  the  lines  in  which  the  discharge  is  taking  place. 
The  color  of  the  light  is  in  general  different  at  the  positive  and  negative  electrodes, 
as  are  also  the  shapes  of  the  light  and  dark  beds:  The  color  depends  upon  the  gas 
with  which  the  tube  has  been  filled  before  exhaustion ;  with  common  air  it  is  purple 
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670  VAPORIZATION- VAPORa 

Molemlar  laniila.  Gas  or  Vapor. 

O,  H40,  Acetic  acid. 

C,  Bj0lOt  Trichloracetic 

C,  H«  Ethene. 

C,  H6  CI  Ethyl  chloride. 

C,  H4  CI,  Ethylene  dichloride, 

Cs  fi«  0  Alcohol. 

C,  H4  8  Mercaptan. 

C,  H6  0,  Glycol. 

0,  Hj  N  Ethylamine. 

0,  H8  N  Ethelen  diamine. 

0,  H4  0  Acetone. 

04  H8  0,  Acetic  ether. 

C4  H10O  Ether. 

04  H108  Ethyl  sulpbidide. 

C4  H^S,  Ethyl  disulphide. 

C5  H10  Amylene. 

C6  H«  Phenene. 

CeH,0  Phenol. 

C#  H7N  Aniline. 

C7  HcO  Benzoic  aldehyd. 

07  H#0,  Benzoic  acid. 

C10Hg  Naphthalene. 

C10H1#  Turpentine. 

CI0HMO  Camphor. 

Vaporisation.  ( Vapor,  vapor.)  In  speaking  of  the  expansion  of  bodies  we  hare 
mentioned  that  heat  determines  the  form  in  which  matter  exists ;  and  that  a  liquid 
may  be  described  as  a  solid  plus  heat,  and  a  gas  as  a  liquid  plus  heat.  The  addition 
of  the  peculiar  kind  of  motion  known  a3  heat  results  in  a  separation  of  the  molecules 
of  the  substance  to  which  it  is  added  to  a  greater  distance  than  before  such  addition, 
and  the  greater  the  amount  of  heat  added  the  further  will  the  molecules  be  separated. 
In  the  course  of  such  separation  changes  of  form  ensue.  Vaporization  is  the  change 
from  the  liquid  to  the  gaseous  condition  of  matter,  and  this  may  take  place  according 
to  two  principal  modes,  the  first  of  which — Evaporation — is  the  formation  of  vapor 
at  the  surface  of  a  liquid,  without  the  production  of  bubbles  of  vapor,  and  unaccom- 
panied by  perturbations  of  the  liquid ;  the  second — Ebullition — is  the  formation  of 
vapor  within  the  mass  of  a  liquid,  accompanied  by  the  production  of  bubbles  of  vapor, 
and  by  a  consequent  perturbation  of  the  liquid.  (See  Boiling  point ;  Evapora- 
tion; Ebullition;  LetdenfrosVs  Experiment.) 

Vaporization,  Latent  Heat  of.   See  Latent  Heat. 

Vapors,  Determination  of  Density  of.  The  determination  of  the  density  of 
vapors  is  an  important  physical  problem.  The  definition  of  the  density  of  a  vapor, 
at  a  given  temperature  and  pressure,  is  the  ratio  which  the  weight  and  volume  of 
the  vapor  bears  to  the  weight  of  the  same  volume  of  air  at  the  same  temperature 
and  pressure.  It  is  necessary,  therefore,  to  determine  the  weight  of  a  known  volume 
of  the  vapor,  or  the  volume  of  a  known  weight,  at  the  given  temperature  and  pres- 
sure. The  weight  of  a  volume  v  of  air  at  the  given  temperature  and  pressure  is 
calculated  by  the  well-known  formula — 

•  « =«x  0001293  xTrq^§; 

where  w  is  the  weight  in  grammes,  v  the  volume  in  cubic  centimetres,  a  the  coeffi- 
cient of  expansion  for  air  per  degree  centigrade  (a  =  0.003665),  t  the  temperature 
in  centigrade  degrees,  and  H  the  barometric  height  in  centimetres.    To  determine, 

*  If  «/  be  the  weight  in  grains,  t/  the  volume  in  oubio  inohes,  a*  the  coefficient  of  expan- 
sion for  air  per  degree  Fahrenheit  (a'  =  T~-x) ,  ?  the  temperature  in  degrees  Fahrenheit. 

and  W  the  barometric  height  in  British  inches,  «/  «  t/  X  0-3095  X  }58.y+-p  X  39^ 
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therefore,  the  density  of  the  vapor,  we  must  find  by  experiment  the  weight  of  the 
volume  v  of  the  vapor  at  the  temperature  t  and  pressure  H,  and  divide  by  w. 

There  are  two  methods  of  determining  the  relation  existing  between  the  volume 
and  weight  of  a  vapor  at  a  certain  temperature  and  pressure.  The  first,  that  of 
Gay-Lussac,  is  the  following :  A  graduated  tube,  closed  at  one  end,  is  filled  and 
inverted  over  mercury,  and  round  the  tube  there  is  a  cylinder  of  glass  which  is 
filled  with  water,  and  covers  the  tube  completely.  The  glass  cylinder  is  open  at 
both  ends,  and  at  one  of  the  ends  dips  below  the  mercury  in  the  trough  in  which 
the  graduated  tube  is  inverted,  so  that  the  water  rests  on  the  surface  of  the  mer- 
cury; and  the  vessel  in  which  the  mercury  is  contained  is  of  iron,  and  can  be  placed 
over  a  heating  apparatus,  and  thus  the  whole  apparatus,  including  the  mercury  and 
the  water,  can  be  raised  in  temperature.  The  temperature  of  the  water  is  deter- 
mined by  thermometers  suspended  in  it,  and  by  a  stirring  apparatus,  the  tempera- 
ture is  kept  the  same  throughout  it.  A  very  small  globe  of  extremely  thin  glass 
is  prepared,  and  the  weight  of  the  glass  having  been  ascertained,  the  little  globe 
is  nlled  completely  with  the  liquid  whose  density  is  to  be  determined,  sealed  up, 
carefully  dried  ana  weighed  again,  so  that  the  weight  of  the  liquid  is  known.  This 
is  passed  under  the  mercury  into  the  interior  of  the  graduated  tube,  and  heat  is 
applied  to  the  apparatus.  Soon  the  bulb  of  glass  bursts,  and  when  the  temperature 
is  raised  sufficiently,  the  whole  is  converted  into  vapor,  and  fills  the  upper  part  of 
the  graduated  tube ;  the  mercury  being  driven  down  it  until  it  stands  at  a  certain 
height,  k  let  us  suppose.  The  temperature  and  the  barometric  height  are  then 
noted.  If  the  latter  (as  we  have  supposed  it  in  the  equation  above,  which  repre- 
sents the  weight  of  a  volume  of  air)  bo  denoted  by  H,  the  H-h  will  be  the  pressure 
at  which  the  volume  is  measured.  The  volume  being  noted,  the  density  of  the  vapor 
is  calculated,  as  we  have  indicated  above.  It  is  evident  that  this  method  is  only 
applicable  to  cases  in  which  the  liquid  is  easily  vaporized.  There  are,  however, 
many  liquids  which  do  not  vaporize  even  at  a  temperature  of  boiling  water,  and 
the  density  of  these  cannot  be  ascertained  in  this  way. 

The  second  method  of  determining  the  weight  of  a  certain  volume  of  vapor  is 
due  to  Dumas.  A  light  glass  globe  capable  of  containing  half  a  litre  or  so  (about 
one-tenth  of  a  gallon)  is  employed,  and  the  neck  of  it  is  drawn  out  to  a  long  stem, 
terminating  in  a  capillary  point  The  weight  of  the  globe  is  determined  accurately, 
and  a  considerable  quantity  of  the  substance  whose  density  is  to  be  examined  is  put 
into  it.  If  the  substance  be  a  solid,  such  as  iodine,  it  must  be  put  in  before  the 
capillary  neck  is  made.  The  vessel  is  then  placed  in  an  iron  pot  in  which  there 
is  water  (or  if  a  higher  temperature  than  that  of  boiling  water  is  required,  a  satu- 
rated solution  of  some  salt>  and  sometimes  oil  or  fusible  metal),  and  in  such  a  posi- 
tion that  only  the  capillary  extremity  of  the  tube  may  be  above  the  surface  of  the 
liquid,  and  heat  is  applied  to  the  iron  vessel.  When  the  temperature  rises  suffi- 
ciently, the  liquid  within  the  gas  globe  boils,  and  the  vapor  issuing  from  the  capil- 
lary tube  escapes  and  carries  away  the  air  within  the  globe.  After  some  time 
the  whole  excess  of  the  substance  has  been  driven  off,  and  if  the  experiment  be 
properly  performed,  almost  all  the  air  is  carried  away  with  it.  The  globe  is  then 
sealed  with  the  aid  of  a  blowpipe,  the  temperature  of  the  liquid  surrounding  it,  and 
the  barometric  height,  being  noted  at  the  time  of  sealing ;  and  after  being  allowed 
to  cool,  it  is  carefully  wiped  and  weighed.  The  vessel  is  nowpnt  under  mercury  or 
water,  and  the  end  of  the  capillary  tube  is  broken  off.  Tne  mercury  or  water 
rushes  up  and  fills  the  globe,  a  vacuum  having  been  created  by  the  condensation 
of  the  vapor,  and  any  small  quantity  of  air  that  may  have  been  left  behind  in  the 
globe  is  then  noticed  and  allowed  for  in  the  subsequent  calculations.  On  weighing 
the  vessel  full  of  the  liquid  at  a  known  temperature,  and  deducting  the  weight  of 
the  glass,  it  is  easy  to  calculate  the  volume  of  the  globe.  From  the  two  previous 
weighings,  we  can  also  calculate  the  weight  of  the  globe  full  of  the  vapor  in  ques- 
tion ;  and  dividing  this  weight  by  the  weight  of  an  equal  volume  or  air  at  the 
proper  temperature  and  pressure,  the  density  of  the  vapor  is  ascertained. 

variable  and  Temporary  Stars,  Spectra  of.    Mr.  Huargins  and  Dr.  Miller  have 

examined  the  spectrum  of  a  star  in  the  constellation  Northern  Crown,  which  from 
being  almost  invisible  suddenly  blazed  out  until  it  rivalled  the  brightest  star  in  the 
sky.  Its  spectrum  was  seen  to  be  of  the  ordinary  stellar  type,  viz.,  a  bright  spec- 
trum crossed  by  fine  black  lines,  but  upon  this  was  superposed  another  spectrum, 
consisting  of  three  very  bright  bands  coincident  with  tne  bright  bands  of  hy- 
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drogen ;  as  the  brightness  of  the  star  waned,  these  bright  lines  faded  and  finally 
disappeared.  The  inference  from  this  is  almost  irresistible  that  the  brightness  was 
doe  to  a  sudden  conflagration  of  the  star,  increasing  its  brilliancy  almost  eight  hun- 
dred-fold. Similar  phenomena  have  been  observed,  though  not  on  so  large  a  scale, 
in  other  stars.    (See  Start,  Spectra  of) 

Variable  Prism.  Boscovich  proposed  to  form  a  prism  with  a  variable  angle, 
consisting  of  a  hemispherical  plano-convex  lens,  moving  in  a  concave  lens  of  the 
same  curvature ;  by  altering  we  position  of  the  convex  lens  the  two  plane  faces 
could  be  inclined  to  one  another  at  any  desired  angle.    (See  Prism,) 

Variable  Stan.    See  Stars,  Variable. 

Variation  of  the  Compass.  The  angle  of  declination  is  frequently  spoken  of  as 
the  variation  of  the  compass.    (See  Declination.) 

Variation  of  the  Moon.    See  Lunar  Theory. 

Variation  of  Terrestrial  Magnetism.    See  Magnetic  Variation. 

Vega.  (Arabic.)  The  star  a  of  the  constellation  Lyra.  One  of  the  brightest 
stars  in  the  northern  heavens.    It  has  many  small  companions. 

Vegetable  Albumen.    See  Albumen. 

Vegetable  Nutrition.  The  chemical  functions  of  the  vegetable  and  the  animal, 
as  far  as  nutrition  is  concerned,  are  opposed  and  complementary  to  one  another. 
The  animal  starts  with  highly  complex  substances  and  by  a  process  of  oxidation 
converts  them  into  much  simpler  compounds,  in  many  cases  into  the  simplest  pro- 
ducts of  all — water  and  carbonic  acid.  The  vegetable,  on  the  contrary,  starts  with 
the  simplest  substances — water,  carbonic  acid,  ammonia,  and  the  mineral  constitu- 
ents of  the  soil,  and  by  a  process  of  synthesis,  gradually  builds  up  compounds  of 
the  highest  degrees  of  ^chemical  complexity.  Perhaps  the  most  important  function 
of  the  vegetable  world  is  to  restore  the  balance  of  the  constituents  of  the  atmo- 
sphere which  animal  life  alone  would  soon  render  so  vitiated  as  to  prevent  the  con- 
tinuance of  life.  During  respiration  the  animal  world  is  constantly  pouring  into 
the  atmosphere  torrents  of  •carbonic  acid,  and  abstracting  oxygen;  the  vegetable 
world,  on  the  other  hand,  is  just  as  unceasingly  absorbing  carbonic  acid,  fixing  the 
carbon,  and  restoring  the  oxygen  to  the  atmosphere.  A  plant  is  nourished  through 
its  roots,  the  leaves  acting  as  lungs.  The  rain  descending  through  the  air  carries 
with  it  carbonic  acid,  ammonia,  and  nitric  acid.  These  percolating  through  the 
soil  dissolve  small  quantities  of  the  mineral  ingredients  present,  and  the  whole  is 
brought  in  contact  with  the  roots  in  a  fit  state  for  absorption.  The  plant  can  ob- 
tain carbonic  acid  and  water  from  the  atmosphere,  but  in  many  cases  ammonia  and 
some  of  the  requisite  mineral  ingredients  have  to  be  supplied  artificially.  It  is^on 
this  account  that  farm-yard  manure  and  the  excreta  of  towns  are  of  such  great 
value  in  agriculture,  containing  as  they  do  large  quantities  of  ammonia-forming 
material,  together  with  nearly  all  the  mineral  ingredients  of  the  vegetable  food  pre- 
viously consumed  by  the  animal.  (See  Animal  Nutrition:  and  Soils,  Chemistry  of.) 

Vegetation,  Influence  o£  on  Climate.    See  Bain,  Forests,  etc. 

Velocity.  ( Vdocitas,  from  Velox,  swift ;  allied  to  Volo,  to  fiy.)  Swiftness  or 
rapidity  of  motion.  In  order  to  measure  velocity  we  require  both  a  unit  of  space 
and  a  unit  of  time.  One  body  is  said  to  have  a  greater  velocity  than  another  when 
it  moves  over  a  greater  space  in  the  same  time,  or  an  equal  space  in  less  time.  The 
velocity  of  a  body  is  uniform  when  it  passes  through  equal  spaces  in  equal  times ; 
and  variable  when  the  spaces  passed  through  in  equal  times  are  unequal.  Uuiform 
velocity  is  measured  by  the  length  of  path  passed  over  in  a  unit  of  time.  This 
length  is  usually  expressed  in  feet,  and  the  time  in  seconds.  Frequently,  however, 
other  units  are  chosen ;  thus,  a  train  may  proceed  with  a  speed  of  40  miles  an  hour, 
a  ship  may  sail  with  a  speed  of  10  knots  an  hour.  Velocity  expressed  in  other  units 
may,  however,  be  readily  reduced  to  feet  per  second.  For  example,  one  mile  an 
hour  is  lT7j  feet  per  second.  Variable  velocity  at  any  instant  is  measured  by  the 
mean  velocity  for  an  infinitely  small  space  commenced  at  that  instant  It  is  the 
space  the  body  would  describe  in  a  unit  of  time  if  from  that  particular  instant  the 
velocity  remained  constant.  For  instance,  a  horse  may  travel  from  one  place  to 
another  with  a  variable  velocity,  but  we  may  say  that  at  a  particular  instant  he  is 
running  at  a  speed  of  20  miles  an  hour.  We  mean  that  for  a  small  distance  he 
moves  with  a  speed  which,  if  maintained  for  an  hour,  would  carry  him  over  20  miles. 
The  velocity  of  a  body  is  accelerated  when  it  passes  through  a  greater  space  in 
one  unit  of  time  than  m  the  preceding  unit ;  ana  it  is  retarded  when  a  less  space  is 
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passed  through  in  each  successive  portion  of  time.  Absolute  Telocity  is  the  velocity 
of  a  body,  considered  without  reference  to  the  motion  of  any  other  body.  Relative 
velocity  is  that  which  has  respect  to  the  velocity  of  another  moving  body.  Angular 
velocity  is  the  velocity  of  a  body  revolving  about  a  fixed  point  or  axis,  measured  by 
the  angle  through  which  it  turns  in  a  unit  of  time.  The  angular  velocity  of  a  planet 
is  estimated  by  the  angle  described  by  the  radius  vector,  that  is  by  the  line  joining 
it  with  the  sun.  The  velocity  with  which  a  body  begins  to  move  is  termed  initial 
velocity.  When  the  velocity  increases  uniformly,  the  increase  per  second  is  termed  the 
acceleration.  The  velocity  of  a  body  at  any  instant  in  the  case  of  uniform  accelera- 
tion, is  found  by  adding  to  or  subtracting  from  the  initial  velocity  the  product  of 
the  acceleration  by  the  time.     (See  Acceleration.) 

Velocity  of  Light.  The  velocity  of  light  cannot  be  found  by  calculation,  but  it 
has  been  determined  by  direct  observation  by  several  observers. 

L  Romer  found  that  the  calculated  time  of  the  eclipses  of  Jupeter's  satellites  did 
not  agree  with  observation,  there  being  fifteen  minutes'  difference  according  to 
whether  the  earth  was  in  that  part  of  her  orbit  nearest  to  or  farthest  from  Jupiter ; 
he  concluded,  therefore,  that  this  difference  was  due  to  the  time  occupied  by  light 
in  travelling  a  distance  equal  to  the  diameter  of  the  earth's  orbit  From  this  data 
he  deduced  a  velocity  of  167,600  geographical  miles  per  second. 

II.  From  the  aberration  of  the  fixed  stars  a  velocity  has  been  deduced  of  166,072 
geographical  miles  per  second. 

III.  Fizeau  measured  the  velocity  of  light  in  a  space  of  a  few  miles  by  making  it 
pass  between  the  teeth  of  a  wheel  revolving  with  enormous  velocity,  after  travelling 
the  full  distance  and  back  again.  By  observing  the  distance  one  of  the  teeth  had 
moved  during  the  time  the  ray  of  light  had  taken  for  the  double  journey,  he  calcu- 
lated the  velocity  to  be  185,000  miles  in  a  second. 

IV.  Foucault,  assisted  by  Fizeau  and  Breguet,  measured  the  velocity  of  light  in 
a  space  of  four  metres.  A  plane  mirror  is  made  to  rotate  several  hundred  times  per 
second,  a  beam  of  light  is  then  (after  passing  through  a  system  of  cross  wires)  allowed 
to  fall  on  the  mirror.  It  is  reflected  by  this  to  a  stationary  reflector  two  metres  distant, 
which  sends  the  raj  back  again,  whence  it  is  reflected  by  the  revolving  mirror  back 
through  the  original  system  of  cross  wires  to  an  eve-piece.  If  the  light  reflected 
from  the  revolving  mirror  comes  back  to  it  so  rapidly  that  the  revolving  mirror  has 
had  no  time  to  move  appreciably,  the  first  and  second  images  of  the  cross  wires  will 
appear  superposed  in  the  eye-piece ;  but  if  the  revolving  mirror  has  been  able  to 
move  through  a  sensible  angle  whilst  the  light  has  travelled  the  four  metres,  the  two 
images  of  the  system  of  wires  seen  in  the  eye-piece  will  not  coincide,  but  will  be 
separated  to  a  greater  or  less  extent  according  to  the  velocity  of  the  mirror.  From 
data  obtained  in  this  manner  Foucault  deduced  a  velocity  of  191,000  miles  per 
second. 

Velocity  of  Sound.  That  sound  takes  an  appreciable  time  to  travel,  and  that 
it  travels  with  far  less  velocity  than  light,  is  frequently  observed  when  a  man 
is  seen  at  two  or  three  hundred  yards  distance  breaking  stones  with  a  hammer 
or  beating  a  carpet  The  blow  is  seen  to  be  given  some  time  before  the  sound  is 
heard.  If  we  stand  in  the  centre  of  an  arc  of  soldiers  who  fire  their  rifles  simulta- 
neously, we  hear  a  single  report :  but  if  we  stand  at  one  end  of  the  arc  we  hear  a 
"  rattle."  The  sound  of  the  several  reports  takes  longer  to  reach  us  according  as 
the  soldiers  are  further  off.  When  an  electric  discharge  in  the  form  of  a  flash  of 
lightning  takes  place,  all  parts  of  the  course  of  the  flash  are  traversed  sensibly  at 
the  same  instant  The  thunder  endures  often  for  several  seconds.  The  thunder 
produced  by  the  flash  when  nearest  to  the  earth  is  heard  first,  and  if  any  parts  of  the 
lightning's  path  are  nearly  at  the  same  distance  from  the  auditor,  the  sounds  pro- 
duced at  those  parts  will  reach  his  ear  at  the  same  time  and  produce  a  loud  crash  of 
sound. 

With  regard  to  the  actual  velocity  of  sound  in  air,  it  has  been  observed  that  an 
exceedingly  loud  sound  travels  faster  than  a  less  loud  one.  Under  ordinary  circum- 
stances the  limit  of  distance  at  which  feeble  sounds  are  audible  prevents  our  recogni- 
tion of  this.  In  the  arctic  regions,  where  the  air  is  often  extremely  still  and 
homogeneous,  sounds  can  be  beard  at  a  great  distance,  and  it  has  been  observed 
that  at  a  great  distance  the  report  of  a  cannon  is  heard  before  the  word  of  command  to 
fire  it.  No  accurate  experiments  have  been  performed  to  connect  the  loudness  of  a 
sound — that  is,  the  amplitude  of  the  vibration — with  the  rate  of  propagation,  so  aa 
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length  of  2nZ  in  vibration — that  is,  the  sound  will  have  travelled  2nZ  or  v  =  2nl.    If 

now  we  take  a  rod  of  a  solid  substance,  say  wood,  and  set  it  in  longitudinal  vibration, 

we  find  a  higher  note  produced  as  a  fundamental  note — that  is,  when  the  rod  is  held 

in  the  middle.    Let  ri  be  the  number  of  vibrations  per  second.    Then  as  before  if 

n* 
v*  be  the  velocity  in  the  solid  t/  =  2n'/,  and  therefore  comparing  the  two  t/=v  — 

ti. 

Thus,  if  we  take  an  open  organ-pipe,  and  determine  its  fundamental  note  with  air, 

then  find  the  fundamental  note  or  a  willow  rod  of  the  same  length,  we  shall  find 

that  there  are  sixteen  times  as  many  vibrations  of  wood  as  of  the  air — that  is,  we 

should  get  a  note  four  octaves  higher.    This  shows  that  the  sound  travels  sixteen 

times  as  fast  in  willow  wood  as  in  air. 

The  following  table  shows  the  relative  velocity  of  sound,  through  several  solid 

substances,  as  determined  in  the  above  manner  by  Chladni.    The  velocity  in  air  is 

taken  as  unity : — 

Pearwood 
Ebony     . 

Birch  .  .  .  14f 
Cherry  .  .  .15 
Willow  ...  16 
Glass       .        .  16} 

Iron  or  Steel    .        .16} 
Deal        ...    18 

These  numbers  are,  however,  of  only  approximate  exactness,  since  different  sam- 

Sles  of  the  same  body  vary  to  some  extent  in  the  rate  with  which  they  conduct  sound. 
\o  exact  measurements  have  been  made  to  connect  the  loudness  of  the  sound  with 
the  note,  in  the  case  of  solid  or  liquid  bodies. 

Velocity,  Virtual.  (Virtuel,  from  L.  virtus,  strength,  power;  virtual  signifies 
in  effect,  not  in  fact.)  A  term  given  by  Duhamel,  to  a  minute  hypothetical  displace- 
ment or  motion,  assumed  in  mechanical  analysis  to  facilitate  the  investigation  of 
statical  problems.  When  a  system  of  particles  is  in  equilibrium,  and  we  suppose 
each  of  them  placed  in  a  position  indefinitely  near  that  which  it  really  occupies, 
without  disturbing  the  connection  of  the  parts  of  the  system  with  each  other,  the 
line  which  joins  the  first  position  of  a  particle  with  the  second  is  called  the  virtual 
velocity  of  that  particle,  and  the  product  of  the  intensity  of  the  force,  acting  on  the 
particle  by  its  virtual  velocity  estimated  in  the  direction  of  the  force,  is  termed  the 
virtual  moment  of  the  force.  The  principle  of  virtual  velocities  may  be  thus  enun- 
ciated :  If  the  system  be  in  equilibrium,  the  sum  of  the  virtual  moments  of  all  the 
forces  is  zero,  whatever  be  the  displacement ;  and,  conversely,  if  the  sum  of  the  vir- 
tual moments  be  zero,  the  system  is  in  equilibrium.  This  principle  may  be  consid- 
ered as  the  golden  rule  of  mechanics.  It  is  easily  verified  with  respect  to  the  simple 
mechanical  powers,  but  it  applies  immediately  to  all  questions  respecting  equili- 
brium, or  to  all  statical  problems,  and  it  frequently  furnishes  a  very  easy  method  of 
determining  the  relation  between  forces  in  equilibrium.  From  this  principle  it 
follows  that,  in  the  case  of  all  the  mechanical  powers,  the  product  of  the  power  by 
the  8 pace,  through  which  it  moves  in  its  own  direction,  is  equal  to  the  product  of 
the  weight  by  the  space  through  which  it  moves  in  the  vertical  direction.  Thus,  if 
the  power  of  10  lbs.  raise  a  weight  of  50  lbs.  through  a  height  of  1  foot,  the  power 
must  descend  through  5  feet  The  fact  here  illustrated  is  sometimes  stated  thus : 
44  What  is  gained  in  power  is  lost  in  speed." 

Vena  Contracts.    See  Flow  of  Liquids. 

Ventral  Segments.    See  Nodes  and  Segments. 

Venus.  In  astronomy  the  brightest  and  most  beautiful  of  all  the  planets,  and 
the  second  in  order  of  distance  from  the  sun.  The  mean  distance  of  Venus  from  the 
sun  is  66,134,000  miles ;  her  greatest,  66,586,000 ;  her  least,  65,682,000.  As  the 
earth's  mean  distance  from  the  sun  is  91,430,000  miles,  it  follows  that  the  distance 
of  Venus  from  the  earth  varies  between  about  25,000,000  and  about  158,000,000 
miles.  The  eccentricity  of  her  orbit  is  small,  not  exceeding  .00686.  Its  inclination 
to  the  ecliptic  is  3°  23'  31".  Her  mean  sidereal  revolution  occupies  224.700787 
days,  and  the  returns  to  successive  conjunctions  are  separated  by  a  mean  interval  of 
583.920  days.  Her  diameter  is  estimated  at  about  7510  miles ;  her  volume,  0.855, 
the  earth's  being  1 ;  her  density  almost  exactly  equal  to  the  earth's ;  and  therefore 
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her  mass  bears  to  the  earth's  the  same  proportion  that  her  volume  bears  to  the  earth's 
volume. 

As  Yenns  travels  within  the  orbit  of  the  earth  she  is  never  seen  in  opposition  to 
the  sun.  She  passes  through  a  series  of  phases  resembling  those  of  the  moon,  only 
that  she  varies  greatly  in  apparent  size  while  passing  through  them.    When  she 

E  resents  a  full  disk,  she  is  in  superior  conjunction  with  the  sun,  and  lost  to  view  in 
is  beams,  except  in  powerful  telescopes.  At  this  time  also  her  apparent  diameter 
is  least  When  between  us  and  the  sun  she  turns  no  part  of  her  illuminated  surface 
towards  us,  and  as  she  is  necessarily  very  close  to  the  solar  disk,  she  is  only  visible 
in  good  telescopes.  Her  apparent  diameter  then  has  its  greatest  value.  In  other 
positions  she  shines  with  greater  or  less  brilliancy,  according  to  her  distance  from  us, 
and  the  portion  of  her  illuminated  surface  she  turns  towards  us.  Her  greatest  elon- 
gation from  the  sun  varies  in  different  synodical  revolutions  between  45°  and  47°  12*. 

The  telescopic  observation  of  this  planet  is  difficult  on  account  of  the  exceeding 
brilliancy  of  her  surface.  "  Its  intense  lustre,"  says  Sir  John  Herschel,  M  dazzles 
the  sight,  and  exaggerates  every  imperfection  of  the  telescope ;  yet  we  see  clearly 
that  its  surface  is  not  mottled  over  with  permanent  spots  like  the  moon ;  we  perceive 
in  it  neither  mountains  nor  shadows,  but  a  uniform  brightness,  in  which  we  may 
indeed  fancy  obscurer  portions,  but  can  seldom  or  never  rest  fully  satisfied  of  the 
fact.  It  is  from  some  observations  of  this  kind  that  both  Venus  and  Mercury  have 
been  supposed  to  revolve  on  their  axes  in  about  the  same  time  as  the  earth."  The 
inclination  of  the  planet's  equator  has  been  judged  to  be  large,  the  estimated  values 
varying  between  50°  and  70°,  but  very  little  reliance  can  be  placed  on  the  observa- 
tions by  means  of  which  these  estimates  have  been  formed.  As  for  De  Yico's  esti- 
mate of  the  planet's  rotation  period,  with  its  claim  to  accuracy  as  far  as  the  second 
decimal  place  of  seconds  of  time,  no  more  reliance  can  be  placed  upon  it  than  on  the 
inclination  estimates.  Indeed,  it  would  be  barely  possible  to  secure  the  asserted 
degree  of  accuracy,  even  though  Yenus  presented  obvious  and  easily  recognizable 
marks  upon  her  surface,  and  though  these  had  been  watched  since  the  telescope  was 
first  invented.  Considering  that,  on  the  contrary,  it  is  barely  possible  to  see  marks 
at  all  upon  her  surface ;  that  these  marks  cannot  be  rediscovered ;  and  that  not  much 
more  than'a  century  has  elapsed  since  any  of  them  have  been  recognized,  it  will  be 
seen  how  little  reliance  can  be  placed  on  a  rotation  period  which  claims  to  be  within 
one-hundredth  part  of  a  second  of  the  truth.  It  is  far  from  improbable,  indeed,  that 
Sir  John  Herscnel's  opinion  must  be  accepted,  according  to  which,  "  the  most  natural 
conclusion  from  the  very  rare  appearance  and  want  of  permanence  of  the  spots  is, 
that  we  do  not  see,  as  in  the  moon,  the  real  surface  of  the  planet,  but  only  its  atmos- 
phere, much  loaded  with  clouds,  serving  to  mitigate  the  otherwise  intense  glare  of 
their  sunshine." 

Yenus,  on  account  of  her  proximity  to  the  earth,  produces  recognizable  perturba- 
tions of  the  earth's  motions.  One  effect  resulting  from  a  relation  of  commensurability 
between  the  orbital  periods  of  Yenus  and  the  earth,  merits  special  mention.  Thir- 
teen sidereal  revolutions  of  Yenus  are  accomplished  in  a  period  very  nearly  equal  to 
eight  years,  that  is,  to  eight  sidereal  revolutions  of  the  earth.  It  follows  that  every 
fifth  conjunction  takes  place  nearly  along  the  same  line  through  the  sun.  Hence 
arises  an  accumulation  of  effects  resembling  in  their  general  character,  though  far 
less  considerable,  the  great  inequality  of  featurn  and  Jupiter.  (See  Inequality.) 
The  period  of  this  long  inequality  is  about  240  years,  the  maximum  effect  on  accel- 
eration or  retardation  of  either  planet  being  only  a  few  seconds  of  arc.  Mr.  Airy, 
the  Astronomer-Royal  for  England,  detected  this  inequality,  and  the  similar  action 
of  Yenus  upon  the  moon. 

Venus,  like  Mercury,  but  less  often,  crosses  the  face  of  the  sun  at  certain  times. 
This  phenomenon,  called  a  transit  of  Venus,  is  of  the  utmost  importance  to  the 
astronomer,  as  affording  a  means  of  estimating  the  distance  of  the  sun  from  the  earth. 
We  owe  to  Hal  ley  the  suggestion  that  the  transits  of  Yenus  might  thus  be  utilized. 

It  will  be  obvious  that  the  nearer  a  planet  approaches  to  the  earth,  the  more 
effective  will  be  any  terrestrial  distance  in  causing  an  apparent  change  of  the  planet's 
place  on  the  celestial  sphere.  Thus  Venus,  which  approaches  us  within  25,000,000 
miles  when  in  inferior  conjunction,  would  exhibit  for  any  change  of  place  on  the  part 
of  an  observer,  or  for  any  distance  separating  two  observers,  a  change  of  place  3f 
times  as  great  as  that  which  would  affect  the  sun,  which  lies  about  91,500,000  miles 
from  the  earth.    But  we  cannot  effectually  observe  the  parallactic  displacement  of 
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Venus  upon  the  celestial  sphere,  since  it  is  exceedingly  small,  and  we  cannot  com- 
pare her  place  with  the  place  of  any  fixed  star.  But  if,  when  in  inferior  conjunction, 
she  lies  so  near  one  of  her  nodes  as  to  be  upon  the  sun's  face,  we  might  very  readily 
determine  her  parallactic  displacement  on  the  solar  disk ;  only,  instead  of  being  3} 
times  the  solar  parallax,  it  would  be  but  2f  times  that  amount,  being  in  fact  repre- 
sented by  the  difference  between  the  parallactic  displacements  of  Venus  and  the  sun 
upon  the  celestial  sphere.  But  in  effect  there  is  a  difficulty  even  as  regards  this 
method ;  for  the  planet  is  in  motion,  and  in  order  to  compare  two  observations,  we 
must  be  sure  they  are  made  at  exactly  the  same  instant,  a  matter  of  some  difficulty 
when  the  two  observers  are  on  opposite  sides  of  the  earth.  Now,  Halley  suggested 
that,  instead  of  observing  the  position  of  Venus  on  the  sun's  face  at  any  assigned 
instant,  the  observers  should  record  the  interval  of  time  occupied  by  Venus  in  cross- 
ing the  solar  disk.  As  the  effect  of  parallax  would  be  to  make  her  traverse  different 
chords,  as  seen  by  the  two  observers,  there  would  obviously  be  a  difference  in  the 
duration  of  transit  as  recorded  by  them ;  and  this  difference  would  suffice  to  enable 
the  astronomer,  by  appropriate -calculations,  to  deduce  the  sun's  distance. 

The  objection  to  tne  method  thus  described  (necessarily  only  in  a  general  manner) 
lies  in  the  fact  that  it  is  absolutely  necessary  that  each  observer  should  see  the  whole 
transit ;  and  as  a  transit  may  last  several  hours  (as  many  as  eight),  and  the  earth 
accomplishes  a  considerable  part  of  a  rotation  in  such  an  interval,  it  is  difficult  to 
find  a  northern  and  a  southern  station,  at  each  of  which  the  observer  will  be  well 
situated  both  at  the  beginning  and  at  the  end  of  the  transit.  For,  given  a  certain 
epoch  during  the  occurrence  of  a  transit,  two  observers  can  be  placed  so  that  the 
parallactic  displacement  of  Venus  may  be  the  greatest  possible ;  but  it  by  no  means 
follows  that  given  two  epochs  (as  in  this  case  the  beginning  and  the  end  of  the  tran- 
sit), two  observers  can  be  so  placed  that  the  parallactic  displacement  of  Venus  may 
be  even  considerable  at  both  epochs. 

Hence  it  was  proposed  by  Delisle  that  another  method  should  be  adopted.  Ac- 
cording to  his  plan  two  observers  should  both  observe  one  and  the  same  phase,  inter- 
nal contact  at  ingress  (that  is,  the  moment  at  which  Venus  is  first  just  within  the 
sun's  limb),  or  internal  contact  at  egress  (that  is,  the  moment  when  she  is  just  about 
to  cross  the  sun's  limb  and  so  pass  off  his  surface),  that  these  observers  should  note 
the  absolute  time  at  which  the  phase  is  visible  to  them,  so  that  afterwards  the  ob- 
served difference  of  time  should  supply  the  means  of  estimating  the  sun's  distance. 
For  this  plan  it  is  obviously  necessary  that  the  latitude  and  longitude  of  the  observ- 
ers' stations  should  be  very  accurately  determined. 

Each  plan  has  its  advantages  and  disadvantages,  and  in  different  transists  Hal- 
ley's  method  may  be  preferable  to  Delisle'-s,  or  Deslile's  to  Halley's,  according  to 
the  circumstances  of  the  transit,  and  according  to  the  nature  of  those  parts  of  the 
earth  at  which  the  stations  have  to  be  placed. 

Observations  of  the  transit  which  occurred  in  June,  1761,  were  not  successful. 
Those  made  during  the  transit  of  June,  1769,  were  more  satisfactory,  and  the  esti- 
mate of  the  sun's  distance  deduced  from  them  by  Encke  remained  for  a  long  time  in 
vogue  in  our  treatises  on  astronomy.  Recently,  however,  other  modes  of  measuring 
that  element  led  to  results  so  discordant  with  Enckc's  estimate  that  doubts  were 
thrown  on  the  accuracy  of  the  observations  made  in  1769,  and  on  the  compe- 
tence of  the  observers.  The  careful  examination  of  the  matter  by  Professor  Simon 
Newcome,  of  America,  and  (on  a  more  satisfactory  plan)  by  Mr.  Stone,  of  the  Green- 
wich Observatory,  has  shown  that  the  cause  of  the  discrepancy  is  to  be  looked  for  in 
a  phenomenon  due  to  irradiation,  which  causes  a  black  ligament  to  appear  between 
the  disk  of  Venus  and  the  sun's  limb  near  the  time  of  the  internal  contacts. 

The  accuracy  of  the  general  method  having  been  thus  re-established,  astrouomcrs 
look  hopefully  to  the  transits  which  are  to  take  place  in  1874  and  lb82,  to  afford 
them  a  uew  and  more  accurate  estimate  of  the  sun's  distance.  The  Astronomer- 
Royal  long  since  called  the  attention  of  astronomers  to  the  subject,  and  has  pub- 
lished a  series  of  papers  indicating  the  manner  according  to  which,  in  his  opinion, 
the  transit  can  be  most  satisfactorily  utilized.  Owing,  however,  to  his  having  un- 
fortunately adopted  an  approximate  instead  of  an  exact  process,  in  dealing  with  the 
calculations  which  the  problem  involves,  the  results  are  not  so  satisfactory  as  could 
be  desired.  In  particular,  his  selection  of  Delisle's  method  for  the  transit  of  1874, 
while  Halley's  method  is  left  for  the  transit  in  1882,  alone  is  unfortunate ;  because  it 
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chances  that  when  the  problem  is  treated  in  an  exact  manner  Halley's  method  is 
found  to  be  wholly  inapplicable  in  1882,  while,  on  the  other  hand,  it  can  be  applied 
very  advantageously  to  the  transit  of  1874.  It  is  also  a  misfortune,  and  may  per- 
haps injuriously  affect  the  interests  of  science  for  years  to  come,  that  a  number  of 
excellent  stations  in  India  should  have  been  whollv  overlooked  in  Mr.  Airy's  treat- 
ment of  the  subject.  An  exact  investigation  of  tne  problem  by  the  present  writer 
will  be  found  in  the  Monthly  Notices  of  the  Royal  Astronomical  Society,  vol.  xxix. 
It  is  right,  however,  to  mention  that  the  Astronomer-Royal  has  expressly  described 
his  examination  of  the  subject  as  not  intended  to  exhibit  exact  relations ;  and  were 
it  not  probable  that  the  selection  of  places  for  observing  the  transit  will  be  wholly 
founded  upon  his  papers  no  correction  would  have  been  necessary. 

Verdigris.    See  Acetates. 

Vermillion.    See  Mercury;  Sulphide. 

Vernal  Equinox.    See  Equinox;  Equinoctial. 

Vernier.  (Named  after  the  inventor.)  A  short  graduated  scale  made  to  slide 
along  a  larger  scale  or  position  circle  so  as  to  read  to  fractions  of  divisions.  It  is 
graduated  so  that  ten  divisions  on  the  vernier  equal  nine  divisions  on  the  larger 
scale.  By  seeing  which  of  the  divisions  coincide  in  the  two  scales  it  is  easy  to  read 
to  a  tenth  of  a  division. 

Vertical  Circle.  In  astronomy  a  great  circle  of  the  celestial  sphere  passing 
through  the  zenith  and  nadir,  and  therefore  at  right  angles  to  the  horizon-plane. 

Vesta.    An  asteroid,  discovered  by  Olbers.    (Sec  Asteroids.) 

Via  Lactea.    (The  Milky  Way.)    See  Galaxy. 

Vibration,  Amplitude  Co*.    See  Amplitude  of  Vibration. 

Vibration,  Approach  Caused  by.  Professor  Guthrie  has  found  that,  when  a 
vibrating  tuning-fork,  or  other  sonorous  body,  is  held  near  a  delicately-suspended  sub- 
stance, the  latter  approaches  the  fork.  The  experiment  is  conveniently  made  by 
hanging  a  piece  of  cardboard  in  a  vertical  plane  from  a  light  splinter  of  wood,  coun- 
terpoised at  the  other  end,  and  suspending  the  whole  by  a  piece  of  nnspun  silk. 
"When  the  face,  the  side,  or  the  ends  of  the  sounding  fork  are  approximated  to  the 
card,  the  latter  swings  toward  the  fork.  This  phenomenon  is  probably  due  to  the 
substance  which  receives  the  vibrations  not  being  a  perfect  transmitter  or  reflector 
of  sound,  and  it  converts  a  portion  of  the  sonorous  elastic  wave  into  true  currents, 
which,  on  account  of  dispersion,  suffers  rarefaction,  so  that  the  bodies  are  urged  to- 
gether by  the  pressure  of  the  air,  as  in  the  experiments  of  Clement  and  Desornes. 

In  a  paper  which  appeared  in  the  Philosophical  Magazine  for  November.  1870, 
Professor  (jSnthrie  gives  a  description  of  his  experiments,  and  arrives  at  the  follow- 
ing conclusions: — 

"  Whenever  an  elastic  medium  is  between  two  vibrating  bodies,  or  between  a  vi- 
brating body  and  one  at  rest,  and  when  the  vibrations  are  dispersed  in  consequence 
of  their  impact  on  one  or  both  of  the  bodies,  the  bodies  will  be  urged  together. 

"  The  dispersion  of  a  vibration  produces  a  similar  effect  to  that  produced  by  the 
dispersion  of  the  air-current  in  Clement's  experiment;  and,  like  the  latter,  the  effect 
is  due  to  the  pressure  exerted  by  the  medium,  which  is  in  a  state  of  higher  mean 
tension  on  the  side  of  the  body  farthest  from  the  origin  of  vibration  than  on  the  side 
towards  it. 

"  In  mechanics,  in  nature,  there  is  no  such  thing  as  a  pulling  force.  Though  the 
term  attraction  may  have  been  occasionally  used  in  the  above  to  denote  the  tendency 
of  bodies  to  approach,  the  line  of  conclusions  here  iudicated  tends  to  argue  that 
there  is  no  such  thing  as  attraction  in  the  sense  of  a  pulling  force,  and  that  two  ut- 
terly isolated  bodies  cannot  influence  one  another. 

44  If  the  ethereal  vibrations,  which  are  supposed  to  constitute  radiant  heat,  resemble 
the  aerial  vibrations  which  constitute  radiant  sound,  the  heat  which  all  bodies  pos- 
sess, and  which  they  are  all  supposed  to  radiate  in  exchange,  will  cause  all  bodies  to 
be  urged  towards  one  another. 

Vibration  Of  a  Stretched  String.  If  an  elastic  round  string,  of  uniform  thick- 
ness and  certain  length,  thickness,  and  weight,  be  stretched  by  a  given  force,  it  will 
vibrate  when  plucked  at  a  definite  rate,  and  therefore  give  rise  to  a  musical  note  of 
given  pitch,  if  it  vibrates  beyond  a  certain  rate  (16  times  in  a  second).  If  I  be  the 
length  of  a  string,  w  its  weight,  s  the  force  with  which  it  is  stretched,  g  the  accele- 
rating force  of  gravity  (==■  32  feet  per  second),  then  t  the  time  for  a  complete  oscil- 
lation is 
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And,  therefore,  if  n  be  the  number  of  oscillations  in  a  given  time, 


If  p  represents  the  specific  gravity  of  the  substance  out  of  which  the  string  is  made, 
and  if  r  is  the  diameter  of  the  string,  then  w  =  H.v.H.p,  and  therefore  k^oTT/  /— • 

This  formula,  which  has  been  gradually  established  from  theoretrical  grounds,  is 
fully  confirmed  by  experiment.  It  may  be  stated  in  words  as  follows  :  The  number 
of  vibrations  which  a  stretched  string  performs  in  a  given  time — in  other  words,  the 
pitch  of  its  fundamental  note — varies  inversely  as  its  diameter,  inversely  as  its  length, 
directly  as  the  square  root  of  the  force  with  which  it  is  stretched,  and  inversely  with 
the  square  root  of  the  specific  gravity  of  the  substance  of  which  it  is  made.  Thus, 
if  we  have  a  string?  vibrating  100  times  in  a  second,  and  we  wish  to  get  the  octave 
higher  (*.  c,  two  hundred  vibrations  per  second),  by  merely  altering  the  length  we 
must  make  the  string  half  as  long.  If,  preserving  the  same  length,  we  wish  to  get 
the  higher  octave  by  altering  the  stretching  force,  we  must  make  the  latter  four 
times  as  great,  and  so  on. 

Vibrations,  Graphic  Representation  o£  See  Graphic  Representation  of  Vi- 
brations. 

Vibrations,  Longitudinal.    See  Longitudinal  Vibrations. 

Vibrations,  Permanent.    See  Permanent  Vibrations. 

Vibrations,  Progressive.     See  Progressive  Vibrations. 

Vibration  (Transversal)  of  an  Elastic  Rod.  If  an  elastic  rod  be  fastened 
rigidly  at  one  end  and  set  vibrating,  the  number  of  vibrations  in  a  given  time — that 
is,  the  pitch  of  the  note — is  expressed  by  the  equation 


in  which  n  is  the  number  of  vibrations,  t  the  thickness  in  the  direction  of  vibration, 
I  the  length,  g  the  accelerating  force  of  gravity,  E  the  modulus  of  elasticity,  aud  p 
the  specific  gravity  of  the  material.  It  is  seen  from  this  that  the  pitch  of  the  note 
produced  by  such  a  rod  varies  directly  as  its  thickness  in  the  direction  of  vibration, 
and  inversely  as  the  square  of  the  lengths.  Thus,  if  two  pieces  of  the  same  steel 
spring,  when  clamped  at  one  end,  give  notes  an  octave  apart,  we  know  that  the  one 
vibrates  twice  as  fast  as  the  other,  and,  from  the  above  formula,  that  the  second  is 
four  times  as  long  as  the  first.  It  appears  also  that,  if  two  rods  are  made  of  the 
same  material,  and  are  of  the  same  length,  but  one  is  twice  as  thick  in  the  direction 
of  vibration  as  the  other,  the  first  will  sound  the  octave  above  the  second.  The 
width  of  the  rod  is  of  no  influence  upon  its  rate  of  vibration ;  and  this  indeed  we 
might  anticipate  from  the  fact,  that  if  two  exactly  similar  rods  were  vibrating  side 
by  side,  and  therefore  isochronously,  the  vibration  of  neither  would  be  interfered  with 
by  joining  them  together,  so  as  to  form  a  rod  of  the  same  thickness  and  length,  but 
double  the  width. 

Vibratory  Theory  of  Light.    See  Undulatory  Theory  of  Light. 

Vindemiatrix.  (She  that  gathers  grapes,  or  the  vintage  star.)  The  star  t  of  the 
constellation  Virgo. 

Virgo.  (The  virgin.)  A  sign  of  the  zodiac.  The  sun  enters  this  sign  on  about 
the  23d  of  August,  and  leaves  it  on  about  the  23d  of  September.  The  constellation 
Virgo  occupies  the  zodiacal  region  corresponding:  to  the  sign  Libra.  This  constella- 
tion is  remarkable  for  the  great  number  of  nebulae  which  have  been  found  within  its 
limits. 

Virtual  FOCUS.  The  point  behind  a  convex  mirror,  from  which  divergent  rays, 
reflected  from  it,  appear  to  radiate.     (See  Convex  Mirror  ;  Focus.) 

Virtual  Image.  An  image  without  material  existence  ;  in  effect,  though  not  in 
duct.    (See  Images,  Virtual,  Real.) 

Vis  Acceleratrix    Accelerating  force.    (See  Acceleration.) 


680  VIS. VOLTA'S  PILE. 

Vis  Inert!©.  (Lai)  Literally  the  force  of  inactivity.  The  term  was  employed 
by  Newton  to  signify  a  power  implanted  in  all  matter,  by  which  it  resists  any  change 
endeavored  to  be  made  in  its  state ;  that  is,  the  power  by  virtue  of  which  it  becomes 
difficult  to  change  the  state  of  rest  or  motion.  A  distinction  is  made  between  vis 
inertias  and  inertia,  the  former  implying  the  resistance  itself  which  is  given  by  a 
body  to  any  force,  and  the  latter  merely  the  property  by  which  the  resistance  is  given. 
The  property  of  matter  which  is  set  forth  in  the  law  of  inertia  (First  Law  of  Motion), 
is,  however,  simply  absolute  passiveness ;  there  is  no  disposition  in  matter  to  resist 
being  put  in  motion  when  at  rest ;  in  other  words,  vis  inertia  does  not  exist.  The 
phrase  has  been  a  fertile  source  of  error. 

Vision.    (Videre,  to  see.)    See  Eye;  Binocular  Vision;  Stereoscope. 

Vis  Mortoa.  The  power  of  pressure  exerted  by  a  body  at  rest,  as  vis  viva  is  the 
power  of  a  body  in  motion.    Both  terms  were  first  used  by  Leibnitz. 

Vis  Viva.  ( Vis,  force ;  vivas,  living,  from  vivo).  A  measure  of  the  kinetic 
energy,  or  inherent  work  of  a  moving  body.  It  is  the  product  of  the  mass  by  the 
square  of  the  velocity.  The  chief  properties  of  the  vis  viva  are  the  following:  If  a 
system  of  bodies  be  under  the  action  of  no  external  forces,  the  vis  viva  of  the  system 
is  constant.  If  a  body  move  in  any  manner,  its  vis  viva  at  any  instant  is  equal  to 
the  vis  viva  of  the  whole  mass,  as  if  it  were  collected  at  the  centre  of  gravity,  plus 
the  vis  viva  round  the  centre  of  gravity  considered  as  a  fixed  point.  By  impact  of 
inelastic  bodies  vis  viva  is  always  lost ;  by  explosions  it  is  always  gained ;  by  impact 
of  bodies  which  are  perfectly  elastic,  the  vis  viva  lost  in  compression  is  exactly  bal- 
anced by  that  gained  in  the  restitution.     (See  Energy  and  mechanics.) 

Vitreous  Humor.  ( Vitrum,  glass.)  The  transparent  humor  with  which  the 
greater  part  of  the  eye-ball  is  filled,  contained  in  the  convoluted  folds  of  the  hyaline 
membrane.    (See  Eye.) 

Volans.    Abbreviated  from  Piscis  Volans  (q.  v.). 

Voltaic  Are.    See  Electric  Light. 

Voltaic  Circle,  more  usually  called  Voltays  Crown  of  Cups,  consists  of  a  series  of 
small  cells  of  copper,  zinc,  and  dilute  sulphuric  acid,  joined  together,  the  copper 
of  one  being  soldered  to  the  zinc  of  the  next.  They  were  arranged  in  a  circle, 
so  as  to  bring  the  last  copper  near  the  first  zinc.  On  connecting  these  together  by 
a  wire,  the  current  flows,  according  to  our  conventional  phraseology,  from  the  copper, 
through  the  wire,  to  the  zinc. 

Voltaic  Electricity.  Ordinary  current  electricity  is  frequently  spoken  of  under 
this  name,  derived  from  that  of  the  great  inventor  of  the  pile  and  battery,  the  first 
investigator  in  the  field  opened  up  by  the  observation  of  Galvaui.  Voltaic  electricity 
is  treated  of  under  various  heads  throughout  this  volume.  (See  Battery  ;  Current, 
Electric;  Pile,  Volta's;  etc.) 

Voltaic  Fair.  Sometimes  a  single  cell  of  a  battery,  consisting  of  two  metals  and 
an  exciting  liquid  (see  Battery,  Galvanic),  is  called  a  Voltaic  pair. 

Voltameter,  0**Vpov,  a  measure.)  An  instrument  proposed  by  Faraday  for  mea- 
suring the  strength  of  the  electric  current.  Its  principle  aepends  upon  a  law  of  elec- 
trolytic decomposition,  viz.,  that  the  amount  of  decomposition  that  takes  place  is 
strictly  proportional  to  the  strength  of  the  current,  that  is,  to  the  quantity  of  elec- 
tricity passing  in  a  given  time.  Faraday's  method  consists  in  decomposing  water  by 
means  of  the  current,  and  measuring  the  quantity  of  the  mixed  gases  given  off*  in  a 
certain  time.  The  ratios  of  the  strengths  of  various  currents  under  these  circum- 
stances, is  thus  obtained.  The  construction  of -the  voltameter  is  the  following:  It 
consists  of  a  glass  bottle,  into  the  neck  of  which  is  fitted,  by  ground  glass  surfaces,  a 
bent  delivering  tube.  Through  the  sides  of  the  bottle  pass  platinum  wires,  fused 
into  the  glass,  and  terminated  within  by  broad  platinum  plates,  brought  as  near  to 
each  other  as  possible,  without  danger  of  coming  in  contact  The  bottle  is  filled  with 
acidulated  water,  and  when  the  current  is  passed  through  it,  decomposition  takes 
place,  and  oxygen  and  hydrogen  are  liberated  at  the  plates.  When  the  gas  is  to  be 
measured,  the  delivering  tube  is  passed  under  water  in  an  ordinary  pneumatic  trough, 
and  a  graduated  vessel  collects  the  bubblesof  gas  that  rise  from  it.  All  that  is 
necessary  then  in  order  to  ascertain  the  strength  of  the  current  passing  is  to  note  the 
time  during  which  the  action  goes  on,  and  the  quantity  of  gas  collected. 

Vol ta's  Pile  is  a  form  of  battery  used  by  Volta  for  obtaining  current  electricity 
of  high  tension.    It  consists  of  a  large  number  of  disks  of  zinc,  flannel,  and  copper, 
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piled  one  on  the  top  of  the  other  in  constant  succession,  and  Fig.  136. 

in  that  order  (Fig.  136).  The  flannel  is  moistened  with  salt 
and  water,  or  with  dilute  sulphuric  acid,  and  when  the  first 
r.inc  aud  the  last  copper  are  connected  by  means  of  a  wire,  a 
powerful  current  is  obtained.  The  Voltaic  pile  is  very  con- 
venient for  showing  electricity  of  high  tension  obtained  by 
chemical  action,  since  a  large  Dumber  of  elements  may  be  used 
without  making  the  apparatus  unwieldy.  Thus  with  a  pile 
consisting  of  one  hundred  seta  of  plates,  an  ordinary  gold  leaf 
electroscope  may  be  charged  by  simply  patting  one  extremity 
of  the  pile  in  connection  with  the  top  plate,  and  the  other  with 
the  earth,  or  the  extremities  may  even  be  examined  with  the 
proof  plane.  If  the  latter  be  applied,  it  is  found  that  in  an 
insulated  pile  one  end  is  charged  positively,  and  the  other 
negatively ;  that  the  middle  is  neutral,  and  that  tl 
the  electric  distriba Lion  ii 
towards  the  end. 

Volumetric  Analysis.    See  Anlaytu,  Chemical. 

Vonnoin.  (Fr.  voute,  an  arch ;  Lat.  volvere,  to  turn 
round.)  The  wedge-shaped  stones  which  form  an  arch.  (See 
Arch.) 

Vulcan.  In  astronomy,  the  name  given  to  a  planet  sup- 
posed to  revolve  within  the  orbit  of  Mercury.  At  present  the 
existence  of  this  planet  is  open  to  grave  question.  In  total 
eclipses  of  the  bud  it  should  undoubtedly  be  visible,  unless  very 
near  conjunction,  and  it  could  hardly  have  been  so  situated 
daring  all  the  recent  total  solar  eclipses. 

Vulcanized  India-Rubber.    See  Caoutchouc. 

Vnlpecnla.     (Lat.   Abbreviated  from  Vvlpecul a  et  Anter, 
the  fox  and  goose.)    One  of  the  constellations  devised  by  Hevelius.    Within  the 
limits  of  this  constellation  lies  the  remarkable  nebula;  27  Messier,  known  as  the 
Dumb-bell  nebula.    This  interesting  object  is  one  of  the  nebula)  which  Mr.  Hoggins 
hsb  shown  to  be  gaseous. 

W 

Wagon-Boiler.    See  Steam-Boiler. 

Wasat.    (Arabia)    The  star  6  of  the  constellation  Gemini. 

Watches.    See  Horology. 

Water.  (H.,0.)  This  liquid  was  considered  by  the  ancients  to  be  an  elementary 
body.  The  researches  of  Watt,  Cavendish,  aud  Lavoisier,  towards  the  end  of  the 
last  century,  showed  that  it  is  composed  of  two  gaseous  elements — oxygen  and  hy- 
drogen. (See  Hydrogen.)  Id  the  pare  state,  and  at  the  ordinary  temperature,  water 
is  transparent,  free  from  teste  and  smell,  and  almost  colorless.  A  considerable  thick- 
ness of  it  is,  however,  of  a  bluish  tint  It  is  about  770  times  denser  than  the  atmos- 
phere, and  is  the  standard  to  which  all  specific  gravities  of  solid  and  liquid  substances 
are  referred,  the  temperature  in  England  being  taken  at  60°  F-,  but  on  the  Conti- 
nent at  4°  C.  (39.°2  F.)  At  this  latter  temperature  water  is  at  its  greatest  density, 
expanding  whether  its  temperature  be  increased  or  diminished.  Water  occurs  in 
the  solid  state  at  temperatures  below  0°  0.  (32°  F. ).  and  in  the  gaseous  state  at 
temperatures  above  100°  C.  (212°  F.),  but  it  evaporates  at  all  temperatures,  aque- 
ous vapor  constantly  being  present  in  the  atmosphere.  It  is  also  supposed  to  exist 
iu  the  solid  state  in  minerals  and  salts  as  water  of  crystallisation,  and  it  is  a  large 
constituent  of  the  vegetable  and  animal  kingdom  ;  in  the  former  constituting  some- 
times 90  per  cent,  of  the  whole  mass,  and  in  the  latter  sometimes  forming  even  a 
larger  constituent  of  the  body.  Water  is  almost  inelastic,  its  specific  heat  is  higher 
than  that  of  any  other  substance,  and  it  is  a  very  bad  conductor  of  heat,  although 
heat  is  rapidly  diffused  throughout  its  mass  by  convection,  warm  water  being  lighter 
than  cold  water.  In  freezing,  water  expands,  the  ice  being  about  /rth  larger  than 
when  liquid.  At  the  boiling  point,  a  given  bulk  of  water  is  converted  into  1600 
times  its  volume  of  steam.    Pure  steam  is  a  colorless  transparent  gas,  about  half 
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the  density  of  atmospheric  air.  In  its  liquid  state  water  is  a  very  important  solvent 
and  diluent,  being  of  constant  employment  in  chemical  laboratories  for  these  pur- 
poses ;  its  high  specific  heat  also  renders  the  employment  of  cold  water  for  cooling 
purposes,  and  of  hot  water  for  warming  purposes,  very  general.  Water  is  composed 
of  two  volumes  of  hydrogen  and  one  of  oxygen,  and  it  may  be  decomposed  into  these 
gases  by  a  galvanic  current.  At  temperatures  between  1000°  and  2000°  C.  water 
is  also  decomposed  into  its  constituent  gases.  The  metals  of  the  alkalies  and  alka- 
line earths,  when  thrown  into  water,  decompose  it  at  the  ordinary  temperature,  lib- 
erating hydrogen.  When  potassium  is  employed,  the  heat  produced  by  the 
combination  of  the  potassium  and  the  oxygen  is  sufficient  to  cause  the  ignition  of 


hydrogen  is  obtained.  Under  the  influence  of  light,  water  is  also  decomposed 
by  chlorine,  forming  hydrochloric  acid  and  liberating  oxygen.  Perfectly  pure  water 
can  only  be  obtained  artificially  by  distillation ;  when  met  with  in  the  natural  state 
it  is  never  pure.  Rain  water  contains  the  impurities  which  it  has  contracted  by 
passing  through  the  atmosphere  (carbonic  acid,  nitric  acid,  ammonia,  hydrocarbons, 
together  with  smoke,  dust,  sulphuric  acid,  and  other  constituents  of  the  atmosphere 
of  towns).  Spring  and  river  water  is  still  more  impure,  as  it  contains  the  mineral 
constituents  which  it  has  dissolved  from  the  strata  with  which  it  has  come  in  contact. 
Sea  water  contains  large  quantities  of  common  salt,  together  with  chlorides,  and 
sulphates  of  sodium,  magnesium,  potassium,  and  calcium,  together  with  minute 
quantities  of  many  other  substances. 

Water,  Color  o£  When  the  light  transmitted  by  sea  water  is  examined  by  the 
spectroscope,  it  is  seen  to  be  deprived  of  its  red  portion  at  small  depths,  and  suc- 
cessively of  the  yellow  and  green  at  greater  depths,  until  it  appears  of  a  violet  blue. 
Similar  results  are  observed  in  an  artificial  grotto  in  the  Grindenwald  glacier.  This 
cavern  is  100  metres  deep,  transparent  in  its  walls,  through  which  the  solar  light 
penetrates.  The  light  is  of  a  fine  blue  tint,  the  red  being  extremely  weak,  so  that 
in  the  grotto  human  countenances  assume  a  cadaverous  aspect.  On  looking  towards 
the  entry,  at  a  certain  distance  in  the  cavern,  it  appears  to  be  lit  up  with  a  red 
light,  doubtless  the  effect  of  the  contrast.  The  thickness  of  the  superposed  mass 
is  not  enough  to  show  a  greater  effect  than  the  almost  complete  absence  of  the  red, 
and  a  great  diminution  of  the  yellow.  The  ice  is  said  to  be  15  metres  thick,  but  is 
probably  less ;  it  is  perfectly  compact  and  limpid,  but  with  a  few  air-bubbles. 

Water,  Latent  Heat  of.    See  Latent  Heat. 

Water,  Maximum  Density  of.  See  Maximum  Density  of  Water, 
r  Water  of  Crystallization.  Many  saline  substances  combine,  in  the  act  of  crys- 
tallizing, with  one  or  more  equivalents  of  water,  the  crystalline  form  varying  with 
the  amount  so  fixed.  This  water  is  called  water  of  crystallization  or  of  hydration. 
The  number  of  equivalents  taken  up  sometimes  depends  upon  the  temperature  at 
which  the  operation  is  conducted.  When  this  water  is  so  loosely  held  as  to  be  given 
off  in  an  ordinary  dry  atmosphere,  the  compound  is  said  to  be  efflorescent. 

Water  Bam.  This  machine  is  used  for  raising  a  small  quantity  of  water  a 
great  height  by  means  of  a  water-flow  below.  If  a  horizontal  pipe  lead  from  the 
bottom  of  a  cistern  and  be  closed  with  a  cock,  the  pressure  on  the  closed  end  is  pro- 
portional to  the  height  of  the  water  in  the  cistern  above  that  end.  If  the  cock  be 
opened,  the  water  in  the  tube  will  be  gradually  set  in  motion  by  the  column  of 
water  in  the  cistern,  and  acquire  the  velocity  which  the  flow  of  water  would  have 
if  the  tube  had  no  length,  that  is,  if  there  were  a  simple  hole  in  the  bottom  of  the 
cistern.  If  now  the  cock  be  shut,  it  will  have  to  resist,  not  only  the  pressure  due 
to  difference  of  level,  but  all  the  momentum  of  the  moving  mass  of  water  in  the 
horizontal  tube.  This  will  be  greater  according  to  the  length  and  diameter  of  the 
horizontal  tube.  The  blow  given  by  the  moving  column  of  water  when  its  motion 
is  arrested — that  is,  the  momentum  of  the  water — is  used  in  the  water  ram  as  fol- 
lows :  A  long,  wide  tube,  slightly  inclined,  is  supplied  with  water  from  the  constant 
source.  At  the  lower  end  of  the  tube  is  a  valve  which  only  opens  outwards  and 
upwards.  Close  to  this,  and  situated  in  a  small  tube  entering  the  main  pipe,  is 
another  valve  which  opens  downwards  and  inwards.  The  second  valve  has  con- 
siderable weight,  or  is  pressed  down  with  a  spring.  It  is  also  so  larce  that  when 
down  (or  open),  a  free  flow  of  water  can  pass  by  it.  If  we  suppose  tne  wide  pipe 
to  be  lull  of  water  which  flows  out  of  the  large  valve,  this  current  will  press  up- 
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wards  and  close  the  larger  valve.  At  this  instant  the  whole  of  the  water  Id  the 
pipe  is  in  motion.  It  is,  therefore,  suddenly  stopped,  and,  by  virtue  of  its  momen- 
tum, it  forces  open  the  terminal  valve,  through  which  some  water  is  projected  into 
the  narrow  pipe,  and  up  it  to  a  level  above  the  higher  end  of  the  wide  pipe.  The 
motion  of  the  water  being  thus  checked,  the  larger  valve  sinks,  allows  more  water 
to  pass  it,  so  that  the  momentum  of  the  water  in  the  feed  pipe  accumulates.  The 
same  process  is  repeated  over  and  over  again  ;  at  each  closing  of  the  large  valve  a 
fresh  quantity  of  water  is  forced  out  of  the  end  valve.  If  this  latter  simply  opened 
into  a  vertical  pipe,  the  momentum  of  the  water  in  this  pipe  would  have  to  be  over- 
come. To  avoid  this  a  provision  called  an  air-chamber  is  made.  This  consists  of  a 
closed  vessel  the  top  of  which  is  full  of  air.  The  valve  and  exit  pipe  are  in  com- 
munication with  the  water  in  the  bottom  of  this  vessel.  The  air  yields,  by  its  elas- 
ticity, to  the  sadden  influx  of  water  into  the  air  vessel,  and  when  that  influx  has 
ceased  and  the  valve  closed,  the  compressed  air  forces  the  water  np  the  tube. 

Waterspouts,.  When  whirlwinds  occur  over  the  sea,  or  any  sheet  of  water,  the 
sea  is  tossed  into  waves  beneath  them,  and  the  aspect  of  the  phenomenon  suggests 
the  belief  that  the  water  is  sacked  np  by  the  whirlwind.    (Fig.  137.)    Observation 

Fig.  137. 


shows,  however,  that  the  water  carried  round  by  the  whirlwind  is  not  sea  water, 
but  either  fresh  or  very  slightly  brackish. 

Water  Wheels,  Tliese  familiar  examples  of  the  application  of  water  power  to 
machinery  may  be  conveniently  divided  into  two  classes,  namely  those  in  which  the 
weight  of  the  water,  and  those  in  which  the  momentum  of  the  water  is  mainly  uti- 
lized. Where  the  flow  of  water  is  abundant  and  rapid,  bnt  the  fall  inconsiderable, 
the  "  undershot"  wheel  is  used.  The  most  simple  form  of  this  is  a  large  wheel,  the 
spokes  of  which  are  carried  through  the  circumference  and  expanded  into  flat  boards 
or  paddles.  (Fig^  138.)  Placed  vertically  in  running  water  so  that  the  lower  pad- 
dles are  entirely  immersed,  the  water  will,  of  course,  turn  the  wheel  round  when  the 
axis  is  fixed.  It  is  only  that  paddle  which  is  in  a  vertical  plane,  that  is,  at  its  low. 
est,  which  receives  and  transmits  in  a  rotary  direction  the  full  force  of  the  imping* 
ing  water.  Those  higher  up  are  presented  obliquely,  and,  therefore,  virtually  with 
less  surface  to  the  stream.  A  portion  only  of  the  pressure  they  receive  is  resolvable 
tangentially,  the  rest  acts  upon  the  axle  of  the  wheel  end  is  lost.  For  this  reason 
an  undershot  wheel  is  only  immerged  a  little  depth  in  the  water.  Its  effect  is 
greater  the  wider  are  the  paddles.  To  avoid  the  loss  incurred  by  the  slipping  oft* 
sideways  of  the  water  from  the  paddles,  before  it  has  given  its  full  momentum  to 
them,  the  driving  water  is  usually  collected  in  a  narrow  channel  or  trough,  into 


which  the  paddles  nearly  fit.  Additional  force  is  also  gained  by  using  camd 
paddles  or  scoops  instead  of  flat  boards,  with  their  hollow  sides  presented  to  the 
stream. 


Fig.  139. 


The  overshot  wheel  depends  mainly  upon  the  weight  of  water,  and  is  employed 

where  onlj  a  small  flow  of  water  is  available,  but  through  a  considerable  height. 
In  this  form  of  wheel  scoop  paddles  are  used.  The 
water  is  collected  into  a  channel  of  the  width  of  the 
scoops,  and  brought  to  the  top  of  the  wheel,  where 
it  enters  the  scoops,  which,  acting  like  a  scries  of 
buckets,  weigh  the  wheel  round.  7Fig.  139.)  These 
buckets  are  sometimes  made  movable  on  horizontal 
axes,  parallel  to  that  of  the  wheel,  in  finch  a  way 
that  they  remain  full  till  they  reach  nearly  to  ihc 
bottom  of  the  wheel,  thus  preserving  the  same  weight 
throughout  their  descent.  If  the  paddles  were  tint, 
each  cell  or  bucket  would,  of  course,  be  emptied 
immediately  after  passing  the  horizontal  position. 
Neither  undershot  nor  overshot  wheels  are  found  to 
do  more  than  from  10  to  80  per  cent,  of  the  theoreti- 
cal amount  of  work.  The  latter  amount  contd.  of 
course,  only  be  obtained  by  the  complete  stoppage  or  the  flow  or  fall  of  the  water ; 
and,  though  gravity  would  ultimately  remove  the  water  which  had  thus  lost  its 
moving  power,  yet  the  accumulation  of  the  exhausted  water  would  be  inconvenient. 
Horizontal  water  wheels  are  occasionally  used.  If  a  rectangular  atrip  of  metal 
be  bent  into  the  form  of  the  letter  S,  and  placed  between  two  parallel  disks  whose 
diameters  are  equal  to  the  heipht  of  the  letter,  it  is  clear  that  two  curved  celts  will 
be  formed.  If  another  such  S-shuped  piece  be  introduced  (crossing  the  first)  with  its 
curvature  in  the  same  sense,  four  sach  cells  will  be  formed,  and  so  on.  Water  which 
enters  Buch  a  cellular  drum,  at  or  near  the  axis,  will  reach  the  circumference  by 
passing  along  a  widening  channel  with  curved  sides.  -As  its  direction  tends  always 
to  be  straight,  it  must  posh  up  against  the  concave  side  of  the  channel  through 
which  it  passes.  The  same  takes  place  in  all  (he  cells,  and  the  wheel  is  urged  round 
in  the  same  direction  by  each. 

The  screw-turbine  consists  simply  of  a  vertical  rod  aronnd  which  is  fastened  a.  screw- 
surface  like  a  spiral  staircase,  of  which  the  well  is  filled  up  by  a  column.     This  screw 
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works  in  a  cylinder,  so  that  there  is  a  Fig.  140. 

spiral  chamber  from  the  top  to  the  bot- 
tom of  the  cylinder.  Water  which  flows 
id  at  the  top  of  this  cylinder  is  forced 
oat  of  the  natural  or  vertical  direc- 
tion of  its  descent.  Being  compelled 
to  flow  along  the  screw,  its  tangen- 
tial action  upon  the  screw  most  be 
eqnal  to  its  own  lateral  inertia,  and 
accordingly  the  screw  tarns  round 
The  cylinder  containing  the  screw  is 
fastened  into  the  partition  between 
two  cisterns,  one  above  the  other,  so 
that  the  cylinder  remains  full  of  water. 
(Fi£  140.] 

Wave  Length.  (In  Optics.)  Ac- 
cording to  the  undulatory  theory  of 
light  the  wave  length  is  the  distance 
between  the  waves  which  cause  the 
effect  of  light,  from  crest  to  crest. 
The  following  are  the  wave  lengths 
in  parts  of  an  inch  of  the  undulations 
which  produce  light : — 

Extreme  Bed    .        .    0.0000266 

Bed  .        .        .        .    0.0000256 

Orange      .         .         .     0.0000240 

Yellow     .        .        .    O.0OOO227 

Green        .         .         .     0.0000211 

Bine         .        .        .    0.0000106 

Indigo      .        .        .    0.0000185 

Violet      .        .        .    0.0000174 

Extreme  Violet       .    0.0000167 

(See  Utidvlatory  Theory  of  Light.) 

Wave  length.  (In  Sound.)  In 
order  to  find  the  actual  wave  length 
in  air  for  any  particnlar  note  we  hare 
only  to  consider  the  rate  of  sound  in 
air  and  the  pitch  of  the  note.  For 
let  ns  imagine  there  to  be  two  points 
1100  feet  apart,  and  lot  one  of  these 
points  commence  at  the  beginning  of  a  second  to  give  ont  a  note  consisting;  of  say 
422  vibrations  per  second.  At  the  end  of  the  second  the  first  vibration  will  be  at 
the  second  point  B,  that  is  1100  feet  away,  the  last  vibration  will  be  just  starting 
from  A,  so  that  there  will  be  422  vibrations  io  the  1100  feet,  and  accordingly  the 
distance  between  any  two  maxima  of  compression,  that  is,  the  wave  length,  will  be 
"AV>  or  ^  feet  ?i  inches  nearly.  Similarly  for  notes  of  other  pitch.  In  general 
terms  the  length  of  a  wave  of  any  note  is  directly  proportional  to  the  time  interval 
between  two  of  its  consecutive  wave  elements,  or  inversely  proportional  to  the  pitch 
of  the  note.  This  law  enables  ns  to  determine  the  velocity  of  sound  in  various  media 
by  comparing  the  pitch  of  the  note  produced.    (See  Velocity  of  Sound  in  Solids.) 

Wave  Length!  of  the  Metallic  Kays.    See  Metallic  Rays,  Wave  Length  of. 

Waves  in  Air,  Instrument  for  Rendering  Visible.  Dr.  Topler  has  devised  a 
method  of  rendering  visible  aerial  waves.  {1'ogg.  Ann.  exxvii.,  pp.  656-580.)  The 
apparatus  which  be  employs  consists  of  a  lamp,  a  beam  of  light  from  which  is  caused 
to  pass  through  a  metallic  screen,  and  to  fall  npon  a  system  of  lenses  of  from  2  j  to  4 
feet  focal  length,  and  of  large  diameter.  The  screen  is  arranged  so  that  it  can  be 
moved  along  the  axis  of  the  lens,  and  the  latter  forms  an  image  of  the  hole  in  the 
screen  at  a  distance  of  from  10  to  25  feet  The  image  is  received  upon  the  objective 
of  a  small  telescope,  and  a  second  screen,  with  a  straight  sharp  edge,  is  placed  at 
this  point.  If  the  lens  is  peiTcct  the  entire  beam  of  tight  is  concentrated  at  the  focus, 
and  m  moving  the  screen  in  front  of  the  object-glass  of  the  telescope  no  change  in 
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the  field  of  tbe  telescope  is  observed,  until  the  screen  reaches  the  luminous  image; 
when  the  lens  suddenly  disappears  (the  astronomical  telescope  being  focussed  to  give 
a  sharp  image  of  this  lens).  But  if  the  lens  is  not  perfect,  if  it  contains  a  flaw,  then 
this  will  refract  light  differently  from  the  body  of  the  lens ;  the  rays  from  this  flaw 
will  not  collect  in  the  same  focus  as  the  other  rays ;  when  the  movable  screen  has 
nearly  reached  the  principal  image,  many  of  the  rays  from  this  flaw  (which  otherwise 
would  have  reached  the  objectrglass  of  the  telescope,  and  thus  the  eye)  are  now  cut 
off;  hence  this  flaw  appears  dark  on  the  bright  ground  of  the  image  of  the  lens ; 
and  when  the  screen  is  moved  down  so  as  completely  to  cut  off  the  regular  image  of 
the  luminous  hole,  many  of  the  rays  from  the  flaw  will  yet  reach  the  objective,  so 
that  the  flaw  now  appears  bright  upon  a  dark  ground.  As  the  distances  between 
the  different  parts  of  this  apparatus  are  considerable  (20  feet  or  more),  and  as  the 
telescope  may  be  of  a  high  power,  this  method  is  incredibly  sensitive,  lie  object  to 
be  examined  must,  of  course,  be  transparent ;  if  it  is  the  object-glass  of  a  telescope, 
this  forms  the  principal  lens ;  if  a  flame  or  the  like,  it  is  placed  close  to  the  principal 
lens,  between  it  and  the  telescope.  Tbpler  has  found  that  perfectly  homogeneous 
glass  is  exceedingly  rare;  it  has  usually  either  filiform  flaws  (which  are  easily 
detected,  and  but  little  injurious),  or  flaws  throughout  its  entire  mass,  appearing  in 
this  apparatus  as  if  brushed  over  by  a  brush.  These  very  injurious  flaws  hitherto 
were  not  discovered  till  the  lens  was  almost  worked  out ;  by  this  apparatus  they  are 
easily  detected  in  the  glass.  The  flame  of  a  Bunsen  burner  shows,  besides  the  three 
well-known  parts  visible  to  the  unaided  eye,  two  others,  an  exterior  large,  very  well 
defined  cone  (consisting  of  the  heated  products  of  combustion  and  of  air),  and  a  bright 
interior  cone  resting  on  the  tube  as  the  base,  having  a  sharp  outline  (consisting  of 
the  mixture  of  gas  and  air  before  any  combustion  has  taken  place).  The  electric 
spark  when  produced  by  the  induction  coil  and  allowed  to  pass  between  the  elec- 
trodes shows  very  interesting  and  instructive  phenomena ;  of  which,  however,  it  would 
be  difficult  to  give  a  clear  idea  in  a  few  words.  The  sound-wave  in  air  correspond- 
ing to  each  separate  spark  is,  like  the  sound,  a  single  impulse  ;  it  is  beautifully 
visible  as  a  bright  circle  or  ellipse  around  the  source  of  sound,  moving  regularly  from 
the  centre  outwards.  A  succession  of  sparks  in  regular  intervals,  gives  moving  cir- 
cles of  light.  The  spark  from  a  Lcyden  jar  gives  a  sharp  sound,  and  one  increasing 
circle  of  light,  one  sound-wave.  That  this  is  a  sound-wave  Tbpler  proved  by  trying 
in  vain  to  blow  it  aside  by  a  feeble  current  of  air,  and  also  by  finding  it  progress 
more  rapidly  in  heated  air.  But  more  interesting  yet  is  his  experiment  on  the 
reflected  sound-wave.  Suspending  a  glass  plate  from  the  brass  electrodes  by  means 
of  corks,  he  saw  in  lines  of  light  precisely  the  same  phenomenon  which  we  observe 
when  circular  waves  of  a  liquid  meet  a  plane  wall ;  they  are  reflected  as  circles 
described  from  a  point  as  far  behind  the  obstacle  as  the  origin  of  the  wave  is  in  front 
of  the  same.  By  placing  the  electrodes  either  in  the  axis  of  the  apparatus  or  at 
right  angles  to  it,  Tbpler  found,  that  in  the  first  case  the  lines  were  elliptical  in  the 
latter  circular,  so  that  the  wave  is  a  surface  of  revolution  around  the  electrodes  as 
an  axis.  It  may  well  be  said  that  by  means  of  Topler's  apparatus  we  see  the  sound  ; 
in  Chladni's  ana  even  in  Kuudt's  experiments  we  only  see  the  motion  imparted  by 
air  to  some  other  body,  not  the  motion  of  the  air  itself.  For  the  application  of  this 
method  to  the  microscope  see  Topler's  article  in  Pogg.  Ann.;  also  Silliman's  Journal, 
vol.  xliii.,  p.  390. 

Waves  in  Liquids.  If  the  circular  end  of  a  solid  cylinder  be  placed  on  the  sur- 
face of  a  liquid  at  rest,  and  then  suddenly  depressed,  the  depression  of  the  water 
beneath  the  cylinder  will  not  cause  an  immediate,  general,  and  uniform  lifting  of  the 
whole  of  the  rest  of  the  water's  surface ;  but  the  water  will  be  raised  in  the  neighbor- 
hood of  the  liquid  in  the  form  of  a  circular  elevation  or  wave,  which  travels  in  an 
expanding  circle,  of  which  the  cylinder  is  the  centre.  Similarly,  if  a  cinder  be 
immersed  in  a  vessel  of  water  at  rest,  and  then  raised,  the  cylinder's  place  will  be 
immediately  occupied  by  the  neighboring  water,  which  will  thereby  form  a  circular 
valley  around  the  cylinder,  and  this  valley  will  travel  in  a  widening  ring  in  the  same 
manner  as  the  wave  of  elevation  in  the  former  case.  When,  therefore,  the  cylinder 
is  raised  and  depressed  at  regular  intervals,  a  succession  of  such  circular  waves  of 
elevation  and  depression  will  succeed  one  another,  and  a  series  of  waves  will  be 
formed.  The  waves  in  this  case  diminish  in  intensity  as  they  recede  from  the  central 
source.  If  the  liquid  be  confined  in  a  straight  trough,  the  diminution  by  radiation 
is  prevented,  and  the  only  decrease  in  the  wave's  intensity  (height)  as  it  travels  is 
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due  to  friction.  Such  a  straight  rectangular  trough  is  convenient  for  studying  the 
phenomena  of  waves  if  its  sides  are  of  glass.  If  we  imagine  a  wave  of  elevation, 
followed  bv  a  wave  of  depression,  to  travel  from  left  to  right,  a  particle  of  the  liquid 
surface  will  perform  a  complete  circle  in  the  direction  of  the  hands  of  a  watch  as 
the  complete  double  wave  passes  by,  the  upper  half  of  the  circle  being  completed 
during  the  passage  of  the  elevation  and  the  lower  half  during  that  of  depression. 
The  particle  will  be  at  its  original  level  for  a  moment  when  the  first  half  (of  the 
double  wave)  has  passed  by.  The  height  of  the  wave  from  the  bottom  of  the  valley 
to  the  top  of  the  hill  is  the  diameter  of  the  circle  performed  by  such  a  particle,  and 
a  line  joining  the  centres  of  all  such  circles  in  the  original  surface  of  the  liquid.  If 
we  examine  other  points  of  the  surface  of  the  liquid,  we  find  that,  while  one  particle 
has  performed  a  complete  circle,  the  wave  has  progressed — that  is,  some  of  the  neigh- 
boring particles  to  tne  right  have  performed  parts  of  their  circular  paths,  more  or 
less  complete  according  as  the  distance  from  the  first  particle  is  less  or  greater.  The 
particles  are  said  to  be  in  different  "  phases  "  of  motion.  The  length  of  the  wave 
is  usually  considered  as  the  distance  from  summit  to  summit  of  neighboring  waves,  or 
from  valley  to  valley.  The  height  of  a  wave  is  reckoned  from  top  of  the  hill  to  bot- 
tom of  the  valley.  This  is  clearly  the  diameter  of  the  circular  path  described  by  a 
particle,  and  is  called  the  amplitude  of  the  particle's  motion,  or  amplitude  of  the 
undulation.  That  particle  which  is  a  whole  wave  length,  in  the  direction  of  the 
wave's  progression,  from  the  particle  which  has  come  to  its  original  position,  is  just 
commencing  to  rise  and  advance ;  that  one  at  half  a  wave's  length  has  performed  the 
upper  half  of  its  circular  path,  and  is  on  the  same  level  as  it  was  to  begin  with,  but 
advanced  to  the  right  a  distance  equal  to  half  the  wave  height,  and  so  on.  In  such 
a  scries  of  waves  we  have  supposed  the  motion  to  be  symmetrical — that  is,  the  par- 
ticles move  in  circles.  This  is  not  always  the  case.  Indeed,  most  frequently  the 
particles  move  in  ellipses,  whose  major  axes  are  horizontal  or  vertical  according  as 
the  wave  length  is  greater  or  less  in  proportion  to  the  amplitude,  than  it  is  in  the 
case  of  circular  motion.  In  all  cases  where  closed  curves  are  described,  the  water 
does  not  advance  with  the  wave  permanently — that  is,  a  body  floating  on  the  water 
will  not  drift.  But  when  the  water  is  urged  into  motion  by  a  violent  impulse,  as  by 
a  high  wind,  the  paths  of  the  particles  are  not  closed,  and  the  floating  body  will 
drift. 

Watt's  Parallel  Motion.    See  Parallel  Motion. 

Wax.  A  name  applied  to  a  great  many  substances  of  similar  properties  of  which 
bees-wax  may  be  taken  as  the  type.  This  is  a  yellow,  tough  substance,  insoluble  in 
water,  softening  with  heat,  and  becoming  liquid  below  the  boiling  point  of  water. 
It  may  be  bleached  by  exposure  to  the  atmosphere  in  thin  shreds.  It  is  a  mixture 
of  several  neutral  bodies  and  fatty  acids. 

Weather,  The  condition  of  the  atmosphere  at  any  place,  as  respects  humidity, 
temperature,  motion,  electricity,  etc.  (See  Atmosphere;  Climate;  Cloud;  Dew; 
Fog;  Snow;  Hail;   Winds;  Hygrometer, etc.) 

Weather-Glass.  The  weather-glass  consists  of  a  syphon  barometer  (which  see), 
upon  the  mercury  of  whose  shorter  limb  floats  a  plug  of  glass.  This  plug  is  partly 
counterpoised  by  a  smaller  weight,  which  is  connected  with  the  floating  plug  by  a 
silk  thread  passing  over  an  easily-moved  wheel.  The  axis  of  the  wheel  bears  an 
index,  which  moves  over  a  circular  face.  When  the  atmospheric  pressure  increases,  the 
height  of  the  mercurial  column  in  the  closed  end  is  raised ;  the  mercury  in  the  shorter 
open  end  sinks,  and,  consequently,  the  heavy  weight  which  floats  upon  it  sinks  and 
lifts  the  lighter  weight  at  the  other  end  of  the  string,  turning,  as  it  does  60,  the  wheel 
round  which  the  string  is  wound,  and  thereby  moving  the  index.  When  the  atmos- 
pheric pressure  diminishes,  the  supported  column  is  less,  and  therefore  more  mercury 
enters  the  open  end,  floating  up  tne  heavier  glass  weight,  and  therefore  moving  the 
wheel  and  index  in  the  opposite  direction.  As  air  charged  with  aqueous  vapor  is 
lighter  than  dry  air  (see  H eight  of  Gases),  a  fall  in  the  barometer  often  indicates 
a  partial  saturation  of  the  air  with  water,  a  state  of  things  which,  of  course,  fre- 
quently precedes  a  condensation  of  water  vapor — that  is,  rain.  When  a  mass  of  air 
is  moving  with  great  velocity  in  the  neighborhood  of  the  barometer,  the  surrounding 
air  seeks  to  supply  the  place  of  the  moving  air,  and  therefore  becomes  less  dense. 
As  such  rapidly-moving  aerial  currents  are  usually  accompanied  by  storms,  one  may 
regard  the  sudden  "  fall "  of  the  barometer  as  a  precursor  of  rain  or  of  other  violent 
atmospheric  disturbance,  and  hence  its  use  as  a  ••  weather-glass." 
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Weather-Prediction.  In  all  ages  men  have  endeavored  to  elucidate  the  laws  in- 
fluencing weather-changes,  and  to  deduce  rules  by  which  to  predict  such  changes. 
The  attempt  hitherto  has  not  been  very  successful,  except  in  so  far  as  the  anticipa- 
tion of  the  progress  of  well-marked  storms  already  in  progress  is  concerned.  (See 
Storm  Warnings,) 

The  popular  weather-tokens  are  for  the  most  part  founded  on  real  laws  of  atmos- 
pheric change,  but  scarcely  (any  of  them  afford,  strictly  speaking,  more  than  an 
argument  from  probability.  Perhaps  the  evidence  derived  from  the  motions  of  the 
cirrus  clouds  is  that  which,  if  rightly  studied,  would  enable  us  to  anticipate  most 
satisfactorily  the  future  condition  of  the  weather,  because  in  many  instances  the 
motions  in  the  upper  region  of  the  air  indicate  those  which  will  presently  prevail  in 
the  lower.  For  the  meterological  explanation  of  ordinary  weather  prognostics,  the 
reader  is  referred  to  Sir  Humphry  Davy's  Salmonia. 

The  teachings  of  the  barometer,  hyyrometer,  and  thermometer,  as  to  the  condi- 
tion of  the  air,  studied  with  careful  reference  to  the  past  progress  of  weather  changes, 
to  the  present  aspect  of  the  sky,  the  direction  of  the  wind,  and  the  like,  undoubtedly 
afford,  in  many  instances,  very  sure  means  of  anticipating  approaching  weather 
changes.  But  much  careful  study  of  the  subject  is  still  necessary  before  sound  and 
general  laws  can  be  established. 

The  influence  of  the  moon  on  the  weather  has  been  much  debated,  and  while  the 
ordinary  rules  associating  the  lunar  phases  with  weather  variations  have  been  shown 
to  be  altogether  untenable,  it  has  yet  not  been  thought  wholly  impossible  that  the 
moon  should  exert  other  influences,  as  in  dispersing  clouds,  etc.  Sir  John  Ilerschcl 
and  Arago  have,  indeed,  assigned  to  the  moon  an  influence  of  this  sort,  and  Mr.  Park 
Harrison,  from  a  careful  study  of  the  Greenwich  meteorological  records,  has  shown 
that  there  is  at  Greenwich  an  appreciable  tendency  to  cloud  dispersion  shortly  after 
full  moon.  Schlibler,  after  sixteen  years'  observation,  has  found  that  winds  from 
the  south  and  west  increase  in  frequency  during  the  moon's  first  quarter,  while  winds 
from  the  north  and  east  are  at  a  maximum  during  the  moon's  last  quarter.  Bat 
these  influences  are  too  local  in  their  character  to  be  regarded  as  demonstrating  the 
moon's  influence.  Mr.  Baxcndell,  of  Manchester,  finds  from  the  Petersburg  obser- 
vations, that  changes  take  place  at  St.  Petersburg  precisely  opposite  in  character 
to  those  noticed  by  Mr.  Harrison  in  the  Greenwich  records. 

Weight  of  Gases.  It  is  found  (see  Elasticity  of  Gases),  that  the  volume  of  a 
mass  of  any  gas  varies  almost  exactly  in  the  inverse  ratio  of  the  pressure  to  which  it 
is  subjected.  Also,  that  all  gases  expand  very  nearly  exactly  tne  rame  fraction  of 
their  volumes  for  equal  increases  of  temperature.  (See  Heat;  Expansion  of 
Gases.)  It  follows  that  comparison  between  the  relative  densities  of  various  gases 
can  be  made  at  any  temperature  and  pressure,  since  all  are  affected  alike.  The 
actual  weight  of  a  given  volume  of  a  gas  having  been  ascertained  at  a  given  pressure 
and  temperature,  the  weight  of  the  same  volume  or  the  volume  of  the  same  weight 
at  any  other  pressure  or  temperature  can  be  calculated,  and,  for  the  sake  of  uniform 
comparison,  the  constant  temperature  32°  F.  and  30  inches  barometric  pressure  are 
usuall y  taken.  The  weight  of  a  gas  in  comparison  with  hydrogen,  if  equal  volumes 
of  them  are  taken,  or  the  specific  gravity  of  gases,  is  at  once  known  if  we  know  the 
atomic  weight  of  the  elements  of  which  the  gas  is  composed,  the  number  of  atoms 
concerned  in  the  composition  of  the  gas,  and  the  contraction  which  the  constituents 
undergo  in  combining  together.  Thus  the  atomic  weight  of  oxygen  (in  comparison 
with  hydrogen)  is  16.  Water  is  formed  when  two  volumes  of  hydrogen  unite  with 
one  volume  of  oxygen.  And  the  three  volumes  of  the  mixture  contract  in  uniting  to 
two  volumes,  therefore  two  volumes  of  vapor  of  water  or  steam  weigh  18  times  as 
much  as  a  volume  of  hydrogen,  or  one  volume  of  steam  weighs  9  times  as  much  ;  the 
specific  gravity  of  steam  is  therefore  9.  Again,  equal  volumes  of  chloriue  and 
hydrogen  unite,  without  contraction,  to  form  hydrochloric  acid.  The  atomic  weight 
of  chlorine  is  35.5.  Therefore  36.5  is  the  weight  of  two  volumes  of  hydrochloric 
acid,  or  the  specific  gravity  of  hydrochloric  acid  is  18.25.  The  specific  gravities  of 
simple  gases  are,  of  course,  their  atomic  weights.  In  order  to  obtain  the  specific 
gravity  of  gases  referred  to  air,  we  have  to  divide  their  specific  gravities,  in  regard 
to  hydrogen,  by  the  specific  gravity  of  air,  which  is  14.5. 

Weight  Thermometer.  This  instrument  was  used  by  Dulong  and  Petit  in  many 
of  their  investigations.  It  consists  of  a  glass  flask,  capable  of  holding  about  half  a 
pound  of  mercury,  the  neck  of  which  is  a  capillary  tube  three  or  four  inches  long, 
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bent  generally  twice  at  right  angles.  The  glass  vessel  is  accurately  weighed,  and 
then  completely  filled  with  mercury  at  0°  C,  and  weighed  again.  Thus  the  weight 
of  mercury  contained  in  it  is  known.  If  the  instrument  be  now  exposed  to  a  warm 
temperature,  the  glass  and  the  mercury  both  expand,  but  the  mercury  expands  by  a 
much  greater  amount  than  the  glass,  and  a  portion  of  it  is  driven  out  of  the  capillary 
tube  and  is  collected  in  a  capsule  arranged  for  the  purpose.  The  weight  of  the 
mercury  expelled  is  then  determined.  The  amount  expelled  is  simply  proportional 
to  the  number  of  degrees  of  temperature  through  whicn  the  vessel  nas  been  raised, 
on  the  supposition  that  mercury  expands  uniformly  in  glass ;  and  it  depends  upon 
the  difference  between  the  rates  of  expansion  for  mercury  and  glass ;  and  having 
once  determined  the  coefficient  of  apparent  expansion  for  mercury  enclosed  in  the 
particular  glass  employed,  it  is  easy  to  calculate  the  temperature  to  which  the  ther- 
mometer has  been  raised. 

Weights,  Atomic,  of  Elements. 


Aluminium , 

.      27.34 

Molybdenum 

96.00 

Antimony 

.    122.00 

Nickel 

.      59.00 

Arsenic 

.      75.00 

Niobium 

.      94.00 

Barium 

.    137.00 

Nitrogen 

14.00 

Bismuth 

.    210.34 

Osmium 

.     199.00 

Boron 

.      10.90 

Oxvgen 
Palladium 

16.00 

Bromine 

.      80.00 

.    106.50 

Cadmium     . 

.    112.24 

Phosphorus , 

.      31.00 

Caesium 

.     133.00 

Platinum 

.    197.10 

Calcium 

.      40.00 

Potassium   . 

39.10 

Carbon 

.      12.00 

Rhodium 

,    104.30 

Cerium 

.       92.00 

Rubidium 

.      85.30 

Chlorine 

,       35.50 

Ruthenium  . 

,    10420 

Chromium   , 

.      52.48 

Selenium 

.      79.50 

Cobalt 

.      58.74 

Silicon 

28.00 

Copper 
Didyminm   , 

.      63.50 

Silver 

,    180.00 

9600 

Sodium 

23.00 

Erbium 

.     114.60 

Strontium    , 

.      87.50 

Fluorine 

19.00 

Sulphur 

•< 

>                  1 

32.00 

Glucinum 

9.30 

Tantalum 

.    182.00 

Gold 

.    196.66 

Tellurium    . 

.     129.00 

Hydrogen    . 

1.00 

Thallium 

»                V 

.    203.00 

Indium 

72.00 

Thorinum 

.     238.00 

Iodine 

,     126.82 

Tin 

118.00 

Iridium 

.    197.00 

Titanium     . 

50.00 

Iron 

5612 

Tungsten 

,     184.00 

Lanthanum . 

92.00 

Uranium 

120.00 

Lead 

.    206.91 

Vanadium   , 

51.30 

Lithium 

7.00 

Yttrium 

61.70 

Magnesium 

24.32 

Zinc 

65.00 

Manganese  . 

55.00 

Zirconium    , 

89.50 

Mercury 

,    200.00 

Weights.    See  Metric  System. 

Wenham's  Prism.  A  glass  prism  of  a  peculiar  form  which  is  placed  immediately 
over  the  object  glass  of  a  compound  microscope,  so  as  to  divide  the  bundle  of  rays 
coming  through  it  into  two  halves,  one  of  which  is  allowed  to  proceed  as  usual  along 
the  main  body  of  the  microscope,  whilst  the  other  half  is  reflected  obliquely  along 
the  axis  of  the  secondary  body.  This  arrangement  is  now  usually  adopted  to  obtain 
a  stereoscopic  effect  in  the  compound  microscope.     (See  Binocular  Microscope.) 

Wheatstone's  Bridge.    See  Bridge,  Wheatstone's. 

Wheel  and  Axle.  A  modification  of  the  lever,  consisting  of  two  cylinders  of 
different  radius  having-  a  common  axis,  the  smaller  being  termed  the  axle,  and  the 
larger  the  wheel.  (Figs.  141  and  142.)  A  cord  is  wound  round  the  wheel  in  one 
direction,  and  another  cord  round  the  axle  in  the  opposite  direction.  The  weight  is 
attached  to  the  latter,  and  the  power  is  applied  to  the  former.  When  both  the 
power  and  the  weight  are  vertical,  and  we  consider  the  machine  as  seen  in  the  direo- 
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tion  of  the  axis,  we  have  two  parallel  forces  acting  at  the  extrejietiea  of  two  arms 
of  a  lever  whoso  fulcrum  is  in  the  axis.    The  condition  of  equilibrium  is,  therefore, 


that  the  power  multiplied  by  the  radius  of  the  wheel  shall  be  equal  to  the  weight 
multiplied  by  the  radios  of  the  axle. 

Wheel  Barometer.    See  Barometer. 

Whirlwinds.    See  Winds. 

White  Cast  Iron.    See  Iron,  Cart. 

White  Lead.     See  Carbon;   Carbonate  of  Lead. 

White  Light,  Recomposition  of.    Bee  Recomposition  of  White  Light. 

White  Precipitate.    Bee  Mercury,  Chlorides. 

White's  Parallel  Motion.    See  Parallel  Motion. 

White  VitrioL    See  Sulphates  ;  Zinc. 

Willow  Leaves.  Solar.    See  Sun. 

Winch.  A  modification  of  the  wheel  and  axle,  the  power  being  applied  by  means 
of  a  rectangular  lever  or  cranked  handle.  It  is  need  for  drawing  water  from  wells, 
for  turning  wheels,  lifting  weights,  and  for  a  variety  of  common  purposes.  Steam 
winches  are  much  used  for  lifting  cargoes  from  the  holds  of  vessels. 

Windlass.  (The  origin  of  the  latter  part  of  the  word  is  doubtful.  It  was  formerly 
spelt  wiudluce,  and  this  points  to  wind  (verb),  and  lace  (noon),  as  component  words. 
The  Dutch  equivalent,  however,  is  viindas,  from  wi'nden,  to  wind ;  and  as,  an  axis.) 
An  application  of  the  wheel  and  axle.  It  usually  consists  of  a  horizontal  axle 
supported  on  prone,  bo  as  to  be  capable  of  revolution  about  its  central  line,  and  a 
winch  the  arm  of  which  represents  the  radius  of  the  wheel.  One  end  of  a  rope 
or  chain  is  attached  to  the  axle,  and  the  other  end  to  the  weight!  thns.  by  turning 
the  winch,  the  rope  is  coiled  on  the  axle,  and  the  weight  is  raised.  The  windlass 
nsed  in  ships  for  raisins;  the  anchors  consists  of  a  strong  licum  of  wood  placed  hori- 
zontally, and  supported  at  its  ends  by  iron  spindles.  The  lieam  is  pierced  with  boles 
directed  towards  its  centre,  in  which  long  levers  or  handspikes  are  inserted  for  turn- 
ing it  round  when  the  anchor  is  to  be  raised. 
Winds.  The  movement  of  the  air  in  currents  from  one  place  to  another. 
Speaking  generally,  all  winds  are  caused  by  the  variations  taking  place  continually 
in  the  condition  of  the  air  as  respects  heat  and  moisture,  and  therefore  as  respects 
rarity.  'When  the  air  over  a  given  place  becomes  rarefied,  that  is,  when  the  atmos- 
pheric pressure  there  becomes  relatively  small,  that  region  at  once  becomes  a  centre 
towards  which  inflowing  air-currents  direct  themselves.  According  to  the  nature, 
extent,  and  continuance  of  this  diminution  of  pressure,  the  nature  of  the  resulting 
air-currents  varies  within  very  wide  limits. 

Taking  first  a  relation  affecting  the  earth  as  a  whole,  we  have  in  the  excess  of 
heat  at  the  earth's  equatorial  regions  the  cause  of  the  permanent  or  quasi. permanent 
winds  called  the  trades  and  the  counter  trades.  The  air  at  the  equator  becomes 
rare  through  the  great  heat  continually  poured  upon  this  part  of  the  earth's  surface. 
1'hns  there  is  a  continual  indraught  towards  this  region  of  excessive  heat.  This 
indraught  cannot  be  supposed  to  come  from  polar  regions,  but  rather  from  the 
temperate  and  sub-tropical  regions  which  lie  nearest  to  the  region  of  greatest 
heat.  If  the  earth  were  not  rotating,  the  air  thus  flowing  towards  the  equator  would 
simply  travel  southwards  in  the  northern  hemisphere,  and  northwards  in  the  southern. 
Bat  as  the  earth  is  Totaling,  add.  these  air-currents  are  flowing  from  latitudes  where 
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the  motion  of  rotation  is  less  to  latitudes  where  this  motion  in  greater,  tho  air  seems 
to  lag  against  the  direction  of  the  earth's  motion,  or  to  come  from  tlio  cant  (since 
the  earth's  rotation  is  towards  the  east).  This  lag.  combined  «iih  thu  motion 
towards  the  equator,  causes  these  winds  to  be  northeasterly  iu  the  Dortbero  hemis- 
phere and  southeasterly  id  the  southern. 

Such  are  the  trade  winds,  though  it  must  be  carefully  borne  in  mind  that  these 
winds  are  by  no  means  in  reality  permanent.  Captain  nlauray  points  out  that  they 
are  often  replaced,  even  in  the  so-called  trade  latitudes,  by  winds  blowing  iu  a, 
contrary  direction, 

Siuce  there  is  this  tendency  to  the  prevalence  of  winds  towards  the  equator,  it 
follows  necessarily  that  the  air  above  equatorial  regions  mast  be,  for  the  most  part, 
passing  away  towards  higher  latitudes ;  and  for  a  reason  precisely  similar  to  that 
which  causes  winds  blowing  towards  the  equator  to  lag  towards  the  west,  winds 
blowing  from  the  eqnator  would  appear  to  hasten  (in  advance  of  the  earth's  rotation, 
that  is)  towards  the  east.  Thus,  then,  we  have  ordinarily  in  the  regions  of  air  above 
the  trade  winds  southwesterly  winds  in  the  northern,  and  northwesterly  winds  in  the 
southern  hemisphere. 

In  the  temperate  and  arctic  regions  we  do  not  find  so  marked  a  tendency  towards 
the  existence  of  permanent  winds  as  in  tropical  and  sub-tropical  regions.  Yet,  on 
the  whole,  there  ia  a  tendency  to  the  prevalence  of  southwesterly  winds  north  of  a 
region  of  frequent  calms,  which  marks  the  northern  limit  of  the  trades,  while  south 
of  a  similar  southern  region  of  calms  there  is  a  tendency  to  the  prevalence  of  north- 
westerly winds.     (Fig.  143.) 

Fig.  143. 


Next  to  the  trades  and  connter-tradea  in  importanc 
permanence,  we  must  reckon  land  and  sea  breezes.  The  origin  and  nature  o 
are  easily  explained.  The  temperature  of  the  sea  varies  much  less  during  the  day 
than  the  temperature  of  the  land.  Thus  during  the  heat  of  the  day  the  sea  is  cooler 
than  the  land  ;  at  night  the  sea  is  warmer  than  the  land.  Hence,  in  the  daytime, 
the  air  flows  in  from  the  sea  to  supply  the  place  of  the  air  which  rises  from  above 
the  heated  land,  while  at  night  the  heavier  air  over  the  cooled  land  flows  towards 
the  sea.  When  the  land  is  hottest,  the  sea  breeze  flows  with  greatest  force,  and  the 
land  breeze  attains  its  greatest  force  during  the  coldest  part  of  the  night. 

Monsoon  winds,  which  may  l>e  regarded  as  a  modified  form  of  trade  wind,  have 
been  already  dealt  with.  (See  Monnoons.)  Other  winds  also,  depending  on  the 
existence  of  such  regions  as  the  Sahara  desert,  etc.,  have  been  described  under  the 
heads  Eletian   Winds,  Samiel,  Sirocco,  etc. 

Hurricanes  or  cyclones,  called  also  tornadoes,  typhoons,  etc..  originate  in  causes 
operating  suddenly  and  effectively  over  a  wide  extent  of  country ;  hot  once  started, 
these  storms  indicate  in  their  progress  the  operation  of  cosmieal  causes.  It  would 
seem  that  all  true  cvclones  have  their  origin  in  sub-equatorial  regions,  but  not  at 
the  equator  itself.  Nor,  again,  has  any  hurricane  been  known  to  cross  the  equator, 
though  it  has  happened  that  two  have  raged  at  the  same  time  on  opposite  sides  of 
the  equator,  and  in  the  same  longitude.  Commencing  with  an  inrush  of  air  from  all 
sides  towards  a  central  region  of  rarefaction,  it  is  easily  seen  that  a  rotatory  motion 
most  needs  be  communicated  to  the  resulting  atmospheric  disturbance.     For,  if  we 


694  ZIRCONIUM. ZUBEN. 

Zirconium.  The  metallic  basis  of  the  rare  earth  zircon ia.  Atomic  weight  89.6. 
Symbol  Zr.  Zirconia  (ZrO,)  is  a  hard  white  powder  much  resembling  silica.  When 
ignited  in  the  oxyhydrogen  blow-pipe,  zirconia  emits  an  intensely  brilliant  light,  and, 
owing  to  its  non-volatility,  zirconia  cylinders  are  now  used  instead  of  lime  in  the 
Ume  light  The  silicate  of  Zirconia  (ZrOjSiO,)  is  the  peecious  stone  Zircon,  Jargon, 
or  Hyacinth. 

Zodiac  (Cuduueof,  from  Cwftcov,  dim.  of  £Cx»,  an  animal.)  An  imaginary  belt  on 
the  heavens  centrally  divided  by  the  ecliptic,  on  either  side  of  which  it  extends  to  a 
distance  of  9  degrees.  It  is  divided  into  twelve  signs,  called  in  order  Aries,  Taurus, 
Gemini,  Cancer,  Leo,  Virgo,  Libra,  Scorpio,  Sagittarius,  Capricorn  us,  Aquarius,  and 
Pisces.  (See  these  severally.)  Much  discussion  has  taken  place  respecting  the 
origin  of  the  zodiacal  signs  and  the  epoch  of  their  invention ;  but  the  subject  has 
never  rewarded  its  investigators  with  any  result  worth  a  tithe  of  the  pains  they  have 
taken.  See  Dupuis,  M&moire  sur  VOrigine  du  Zodiaquc;  Bailly,  Historic  de 
V Astronomic  Ancienne. 

Zodiacal  Light.  In  astronomy  a  faint  light  of  a  lenticular  shape,  seen  along  the 
zodiac  near  the  place  of  the  sun  shortly  after  sunset  and  before  sunrise.  It  is  inclined 
eight  or  nine  degrees  to  the  ecliptic,  and  some  astronomers  consider  that  its  mean 
plane  is  that  of  the  sun's  equator. 

It  has  been  shown  by  Laplace  that  the  zodiacal  light  cannot  be  a  solar  atmosphere. 
No  solar  atmosphere  could  extend  farther  than  one-third  of  the  way  towards  the 
orbit  of  Mercury,  whereas  the  zodiacal  light  extends  farther  than  the  orbit  of  Venus, 
if  not  beyond  the  orbit  of  the  earth. 

The  hypothesis  usually  adopted  is  that  which  regards  the  zodiacal  light  as  con- 
sisting of  multitudes  of  minute  bodies  travelling  around  the  sun.  Though  separately 
invisible,  these  bodies  would  be  collectively  visible,  just  as  the  Milky  Way  can  hie 
seen,  though  not  its  component  stars.  But  the  hypothesis  according  to  which  the 
zodiacal  light  is  regarded  as  due  to  bodies  travelling  in  nearly  circular  orbits  around 
the  sun  can  hardly  be  admitted  in  the  face  of  what  we  now  know  respecting  the 
actual  motions  of  the  meteoric  systems.  (See  Meteors,  Luminous.)  Remembering 
that  the  orbits  in  which  these  systems  revolve  are  for  the  most  part  very  eccentric, 
and  extend  into  space  far  beyond  the  orbits  of  Saturn  and  Jupiter,  we  must  explain 
the  permanence  of  the  zodiacal  light  as  due  to  a  permanence  in  the  general  condi- 
tion of  that  portion  of  space  the  light  belongs  to,  not  to  a  permanence  in  the  actual 
constitution  of  the  systems  from  which  the  light  comes.  Doubtless  the  meteors 
which  at  any  one  time  supply  the  light,  pass  far  away  presently  into  space.  But  as 
their  place  is  supplied  by  others  the  zodiacal  light  remains.  However,  it  cannot 
but  be  seen  that  this  explanation  involves  the  recognition  of  the  possibility  that  at 
times  noteworthy  changes  may  take  place  in  the  appearance  of  the  zodiacal  light 
This  accordingly  has  been  found  to  be  the  case. 

The  zodiacal  light  has  sometimes  been  seen  on  both  sides  of  the  heavens,  and  even 
forming  a  complete  arch  from  the  eastern  to  the  western  horizon.  This  corresponds 
with  the  explanation  we  have  here  given ;  since  at  times  the  region  of  space  outside 
the  earth's  orbit  might  be  so  thickly  peopled  with  meteoric  bodies  (and  we  know  it 
is  always  more  or  less  densely  strewn  with  them),  as  to  send  light  even  from  those 
parts  of  the  heavens  whence  usually  only  superior  planets  in  opposition  reflect  light 
to  us. 

Zodiacal  Light,  Spectrum  of.  The  spectrum  of  this  light  has  been  observed 
by  Angstrom,  who  found  it  to  be  almost  monochromatic,  exhibiting  a  single  brilliant 
band.  lie  supposes  it  to  be  identical  with  the  spectrum  of  the  Aurora  Borealis 
(which  see).  # 

Zoetrope.    See  Persistence  of  Vision  and  Phenakistoscope. 

Zosma.     (Arabic.)    The  star  6  of  the  constellation  Leo. 

Zuben  el  Chamall    (Arabic.)    The  star  0  of  the  constellation  Libra. 

Zubenel  Genubi.     (Arabic.)    The  star  a  of  the  constellation  Libra. 

Zuben  el  Hakrabi.    (Arabia)    The  star  y  of  the  constellation  Libra. 
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FOWNES'  CHEMISTRY. 


A  MANUAL  OF  ELEMENTARY  CHEMISTRY, 

THEORETICAL  AND  PRACTICAL.    (Just  Issued.) 
By  GEORGE  FOWNES,  Ph.D. 

With  one  hundred  and  ninety -seven  Illustrations.  A  new  American,  from  the  Tenth  and 
Revised  London  Edition.  Edited  by  Robert  Bridges,  M.D.  In  one  large  royal  12mo. 
volume  of  about  850  pp. ;  extra  cloth,  $2  76 ;  leather,  $3  25. 

This  work  U  so  well  known  that  it  seems  almost 
superflaous  for  as  to  speak  about  it,  It  has  bee  a  a 
favorite  text-book  with  medical  students  for  years, 
and  Its  popnlarity  has  in  no  respect  diminished. 
There  is  no  work  that  combines  so  many  excel- 
lences.— Cincinnati  Med.  Repertory,  Aug.  1869. 

There  is  probably  not  a  student  of  chemistry  In 


this  eonntry  to  whom  the  admirable  manual  of  the 
late  Professor  Fownes  Is  unknown.  It  has  achieved 
a  success  which  we  believe  is  entirely  without  a 
parallel  among  scientific  text-books  In  our  language. 
This  success  has  arisen  from  the  fact  that  there  U 
no  Buglish  work  on  chemistry  which  combines  so 
many  excellences,— The  Chemical  News,  Feb.  '00. 
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The  beet  work  of  the  kind  in  the  English  lan- 
guage.— New  York  Psychological  Journal,  Jan. 
1872. 


CHEMISTRY;  General,  Medical,  and  Pharmaceutical: 

DJOLUDIHG  THE  CHEMISTRY  OF  TEE  U.  8.  PHAEMA00P(EU. 
By  JOHN  ATTPIELD,  Ph.D. 

A  Manual  of  the  General  Principles  of  the  Science,  and  their  Application  to  Medicine  and 
Pharmacy.  From  the  Second  and  Enlarged  English  Edition,  Revised  by  the  Author.  In 
one  handsome  royal  12mo.  volume  of  about  650  pp. ;  extra  eloth,  $2  75 ;  leather,  $3  25. 
(Just  Issued.) 

We  commend  the  work  heartily  as  one  of  the  beet 
text-hooks  extant  for  the  medical  student. — Detroit 
Review  of  Medicine  and  Pharmacy,  Feb.  1872. 

TVOHLER  AND  FITTIQ. 

OUTLINES  OF  ORGANIC  CHEMISTRY.  Translated,  with  Addi- 
tions, from  the  Eighth  German  Edition,  by  Iba  Rkmwv,  M.D.,  Ph.D.,  Ao.  In  one 
neat  royal  12mo.  volume.     (Nearly  Ready.) 

As  the  numerous  edition!  of  the  original  attest,  this  work  is  the  leading  text-book  and 
standard  authority  throughout  Germany  on  its  important  and  intricate  subject — a  position 
won  for  it  by  the  clearness  and  conciseness  which  are  its  distinguishing  characteristics.  The 
translation  has  been  executed  with  the  approbation  of  Profs.  Wohler  and  Fittig,  and  numerous 
additions  and  alterations  have  been  introduced,  so  as  to  render  it  in  every  respect  on  a  level 
with  the  most  advanced  condition  of  the  soience. 

(TALLOWAY  (ROBERT),  F.C.S., 

v*  Prof,  of  Applied  Chemistry  in  t/te  Royal  College  of  Science  for  Ireland,  etc. 

A  MANUAL  OP  QUALITATIVE  ANALYSIS.    From  the  Fifth  London 

Edition.  In  one  neat  royal  12mo.  volume,  with  Illustrations;  extra  cloth,  $2  50. 
(Now  Ready) 

The  suooess  which  has  carried  this  work  through  repeated  editions  in  England,  and  its 
adoption  as  a  text-book  in  several  of  the  leading  institutions  in  this  country,  show  that  the 
author  has  sucoeeded  in  the  endeavor  to  produoe  a  sound  practical  manual  and  book  of  refer- 
ence for  the  chemical  student. 

OD LING  (WILLIAM), 
Lecturer  on  Chemistry  at  Sl  Bartholomew's  Hospital,  etc 

A  COURSE  OF  PRACTICAL  CHEMISTRY,  arranged  for  the  Use  of 

Medical  Students.  With  Illustrations.  From  the  Fourth  and  Revised  London  Edition. 
In  one  neat  royal  12 mo.  volume  ;  extra  cloth,  $2.     (Lately  Issued.) 

PRACTICAL  HANDBOOK  OF  MEDICAL  CHEMISTRY.    By  John  E. 

Bowman,  M.D.     Edited  by  O.  L   Bloxah,  Professor  of  Practical  Chemistry  in  King's 
College,  London.    Fifth  American,  from  the  Fourth  and  Revised  English  Edition.    In 
one  neat  vol.,  royal  12u».,  pp.  351,  with  numerous  Illustration*;  extra  cloth,  $2  25. 
(Just  Issued.) 
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INTRODUCTION  TO    PRACTICAL    CHEMISTRY,    INCLUDING 

ANALYSIS.  Fifth  American,  from  the  Fifth  and  Revised  London  Edition.  With  nu- 
merous Illustrations.    In  one  neat  royal  12mo.  vol.;  extra  cloth,  $2  25.    (Just  Issued.) 
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a  concise  explanation  of  the  various  Subjects  and  Terms  of  Anatomy,  Physiology, 
Pathology,  Hygiene,  Therapeutic?,  Pharmacology,  Pharmacy,  Surgery,  Obstetrics, 
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a  French  as  well  as  English  Medical  Lexicon.  Thoroughly  Revised,  and  very  greatly 
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1048  doublecoluiuned  pages,  in  small  type;  strongly  done  up  in  extra  oloth,  $6;  lea- 
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some octavo  volumes,  containing  1200  pages,  with  nearly  two  hundred  II lustrations ; 
extra  cloth,  $6. 

>T  THE  SAME  AUTHOR. 

MANUAL  OF  CHEMTCAL  PHYSIOLOGY.    Translated  from  the  Ger- 

man,  with  Notes  and  Additions,  by  J.  Cheston  Morris,  M.D.,  with  an  Introductory 
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With  two  hundred  Illustrations.  In  one  large  and  handsome  royal  12mo.  volume,  pp. 
586 ;  extra  cloth,  $2  25 ;  leather,  $2  75. 
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which  that  on  "Sacerdotal  Celibacy"  should  be  in- 
cluded— without  noting  the  literary  phenomenon 
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